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Foreword 
 
 
 
 
This volume contains proceedings of the 38th annual 
International Conference of the Architectural Science 
Association ANZAScA held in Launceston in November 
2004. It contains more than 60 papers. All presented and 
published papers have been peer reviewed in a blind 
refereeing process designed to ensure high quality 
outcome. 

The first Australia and New Zealand Architectural Science 
Association (ANZAScA) conference was held over forty 
years ago, in Adelaide in 1963. Since then the ANZAScA 
conferences have established themselves amongst the 
most significant gatherings of architectural science 
researchers and practitioners in the region. The continuing 
popularity of the conferences has been owed to both an 
opportunity to exchange ideas of interest to the profession 
and community and to a friendly and congenial 
atmosphere of those meetings. In the past few years the 
conference has drawn participants not only from Australia 
and New Zealand, but Asia and Pacific countries as well 
as both Americas and even Europe. 

The theme of the current conference, Contexts of 
Architecture, followed on from discussions of the last few 
conferences and reflected the general direction in which 
architectural science research and education seem to be 
heading. 

In the early days of ANZAScA, the subjects we dealt with 
were the physical science aspects of building and the built 
environment. Later, the organisation embraced also the 
social science aspects of architecture and allied 
disciplines: from post occupancy evaluation to socially 
conscious housing. Two decades ago ‘technology’ would 
have dominated the discussions, and in the last years of 
the XX century focus would have shifted towards ‘human 
factor’. 

I believe that now we are finally faced with the necessity 
to consider architecture together with its entire context. 
The way people interact with the surrounding 
environment and the environment in its own right, have 

an impact and interactively influence the artificial 
environment that we create in pursuit of comfort and our 
other needs. At the same time, the concern for the 
environment has necessitated resurgence in the need for 
both architectural science and architectural practice to 
reflect on how buildings can be designed with a minimum 
of impact. 

The conference themes have therefore focussed not only 
on some of the more fundamental issues of architectural 
science but also on resolution of these issues in practice. 
The research both here and overseas illustrates the steps 
that have been taken to address these concerns. 

The major themes addressed in ANZAScA 2004 
Conference were: 

• Architecture and the environment 

• Building technology 

• Computers and architecture 

• Architectural education 

• Social and political issues in architecture 

The work in the practice area is clearly an avenue for 
further effort and although some progress has been made 
to reflect needs of practice, much work is still to be done 
to integrate the theory with the practice. 

As the editor, in assembling these proceedings, I have tried 
to emphasise the key themes by grouping papers into 
subject areas. This should allow a more meaningful 
interpretation of the conference content as well as cross 
comparison of papers on a similar theme. 

The proceedings have been prepared from the manuscripts 
provided by the authors. In some cases I have taken a 
liberty of re-formatting the supplied copy to maintain 
consistency of presentation. 

Hopefully, these proceedings provide an adequate record 
of that gathering. 

 

 

Zbigniew Bromberek 
Chair, Organising Committee 
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Keynote paper: Science and technology context of architecture 

 
Architecture, science and technology  

 
 

Steven V. Szokolay 
 

The University of Queensland, Brisbane, Australia 
 

 
ABSTRACT: The aim of this paper is to examine the relationship of architectural design to science and 
technology. The intention is to go back to first principles (although not quite to Adam and Eve). This 
relationship – I suggest – is determined by the mode of thinking of the designer, hence I must have a 
brief look at the brain/mind relation and at some relevant parts of philosophy. Then I propose to look at 
design methods and theory, followed by an attempt to define and compare art and science. That 
should enable me to look at architecture and architectural education. This – I hope – is in the true spirit 
of architects, who like to dabble in dozens of different disciplines. 

 
Conference theme: Science and technology 
Keywords: mind and brain, design theory, art and science, education 

 
 

INTRODUCTION 
 
Two bits of anecdotal evidence may be useful to start 
this paper with; the first one is hearsay, the second is 
personal experience. 

(i) In the mid-1930s the ophthalmology department of the 
university in Budapest learnt that there was an old 
man in a remote village who operated cataracts of the 
eye with his penknife. The professor with a couple of 
senior students travelled to this village and were quite 
amazed when witnessing such an operation. The old 
man became a celebrity. They took him to their school 
and showed him the structure of the eye and current 

surgical techniques. Their intention was to improve his 
skills, but it backfired. Having learnt a little about the 
delicate intricacies of the eye, the old man didn’t dare 
to touch another human eye. 

(ii) My father, who was an architect, founded the 
Hungarian equivalent of the Werkbund (Magyar 
Mühely Szövetség), but he was also an accomplished 
painter, and was delighted with my drawings when I 
was 2 – 3 years old and entered a few of them in 

children’s art competitions, with some success. Later, 
my grandfather, who was a civil engineer, by then 
retired, and lived with us, had nothing better to do, but 
teaching me to read and write and also some 
arithmetics and geometry. He got me a pair of small 
setsquares and a compass, and I spent long hours 
doing triangles and polygons. At the age of five I could 
prove Pythagoras. My father was furious with his 

father, that he “ruined the boy’s artistic talents”. Later, 
in my early teens, (when I said I want to be an 
architect), over several summer holidays he sent me 
to work in various workshops for several weeks a time 
(following the Bauhaus idea of the unity of designing 
and making), such as a joinery shop, or to a steel 
fabricator, as he had put it “to get a feel for materials”.  

To me, both items above have the same message: 

one can function and operate (not just cataracts) quite 
well on an intuitive basis or perform actions learnt by 
training or imitation without any relevant “knowledge-
base”, without any scientific understanding of the 
process. A little knowledge is worse than no knowledge. 
It may suffocate the instinctive, without providing an 
adequate rational basis for action. The question is how to 

preserve the ‘intuitive’ abilities but also have sufficient 
knowledge and be capable of scientific/analytical 
thinking. 

 

1. BRAIN AND ‘MIND’ 
 
Bogen (1963) and many others distinguish two sets of 
functions for which the two hemispheres of our cerebral 
cortex are responsible, as summarised in Table 1 below. 
In the early 1930s we did not have this left-brain / right-
brain distinction, but my father clearly saw that my 
instinctive/imitative skill of using crayons was stifled by 
the set-squares and analytical thinking imbued by 

grandpa, but then he wanted to give me an intuitive ‘feel’ 
for materials. 
What are these brain-processes and how do they relate 
to architecture?  
With apologies to philosophers and brain scientists I will 
look into several relevant fields: how the brain works, the 
philosophy of science, design theory as well as 
education, and I hope I will arrive back at the title subject. 
The topics are a very personal selection, my knowledge 

in these fields is quite sketchy, but perhaps sufficient to 
gel and make a satisfactory overall view. 
 

Table 1: Functions controlled by the left and right 
brain hemispheres 

LEFT (dominant) RIGHT (recessive) 

propositionizing 

linguistic 
storage 

symbolic, propositional 
education: relations 
verbal 

discrete  
symbolic 
logical 
analytic 

visual imagery 

visual and kinaesthetic 
executive 

visual, imaginative 
education: correlates 
perceptual, non-verbal 

diffuse 
visuo-spatial 
pre-verbal 

synthetic perceptual 

(The right brain is called ‘recessive’ as it more resembles the 
sub-human primate brain and is more closely connected to 
sub-cortical centres of emotion.) 

 
Torey (1999) recognises that hemispheric specialisation 

was a crucial step in the development of consciousness 
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as well as language, that distinguishes us from the apes. 
He further develops this theme and suggests the 
mechanism that I attempt to outline as follows: 
sensory inputs arrive at the right side (e.g. hearing and 
visual areas of the brain are now well identified), these 
form percepts, which are transmitted to the left side, 

where word-percepts (concepts) are formed and labelled 
by words (denotation). These are organised, combined 
and re-combined and formed into endograms: cortical 
maps, including audio-, visual- and somato-sensory 
attributes (connotation). These can be accessed, 
categorised and handled by language. Language and 
thinking are inseparable. Indeed thinking was able to 
develop only with the help of language (and vice-versa). 
We can reflect on these endograms (awareness) and 

integrate the results of such reflection into the endogram 
itself. Furthermore, we can record this continuous self-
management. Speech and motor functions are also 
handled by the left-brain. 
Brain is the only materially existing entity: mind denotes 
a set of brain functions and as such, it is a useful 
concept. Spirit is an even more abstract (and poetic) 
notion, denoting some right-brain functions. He, however, 

suggests that mind has its own neural network, which 
allows language-assisted integrations. A huge body of 
such integrations is built up and consciousness can 
direct attention to selected areas, as it were: illuminating 
one portion of the large “unconscious” area outside the 
current focus.  
Awareness and consciousness result from the complex 
interactions of the two hemispheres, through the 

connecting corpus callosum. It is attentional oscillation 
between the two hemispheres that avoids the stimulus-
bound and response-compulsive limitations (as Skinner’s 
rats) and allows initiative. Actions can be initiated by non-
conscious brain processes but the mind would have a 
control, even a power of veto. 
An interesting example (from the point-of-view of 
learning) is training in sports. In tennis, for example, the 

essential development is to create neural pathways 
between visual perception of the ball coming towards me 
and the motor response. The tennis court is some 24 m 
long. If the ball’s fly-path is (say) 20 m and its speed is 
20 m/s (= 72 km/h) and it can be much faster, it will take 
1 s to reach me. There is no time to consciously analyse 
the ball’s fly-path, to predict where it will be in 1 s and 
place myself in the right position, even swing my racquet 
to meet the ball in flight, with the right direction and 

angle, to drive it back to the opponent’s court, preferably 
the furthest away from him or her. The normal time from 
perception through awareness, to reaction (Libet, 1990, 
as quoted by Torey, 1999) is some 400 – 500 ms, and 
that does not include the muscular response and 
physical body movement. “Training” can reduce that to 
less than half. It is suggested that training prompts the 
creation of appropriate neural paths, perhaps even 

creating new ‘hard wired’ connections. The process often 
referred to as ‘innervation’. Certain hard-wired pathways 
exist at birth, but most are grown in infancy and early 
childhood, at a rate reducing with age. Hence such 
training is more effective at a young age than later in life.  
The same process occurs in learning to drive. The 
learner’s response is initially very slow. (S)he 
concentrates on the timing of clutch a gear-shift 

operation whilst also steering. It may take seconds to 
notice another car approaching, to devise the 
appropriate response and execute that response. The 
experienced driver in heavy and complex traffic will use a 
well-developed pattern recognition skill, and in full 
knowledge what the driven vehicle can do, will 

‘automatically’ do the right thing. At least it appears to be 
automatic, as the driver has the necessary innervation, 
obviating the need for conscious awareness of the 
details and rational analysis.  
Whilst Torey is deeply analytical, Koestler (1964) 
operates at the surface level of phenomena. In 

examining creativity he suggests an inherent similarity of 
such creativity in science, art and humour. At a given 
time we are thinking, talking, operating in one particular 
context, a plane or a matrix (a ‘universe of discourse’), 
with its own rules, relationships and conventions (Torey’s 
illuminated area?). The “act of creation”, the creative 
spark occurs when an unexpected connection is made 
between different such matrices and he calls this 
bisociation.  

In discussing science he brings up the example of 
Archimedes, who connected the problem of determining 
the volume of an elaborate and complex shape (a crown) 
with his own taking a bath. The sudden spark, the 
bisociation between his bath-routine and the physical 
problem is what he calls the Eureka process. Logical 
thinking (a left-brain activity) can prepare the ground 
within a given (or several parallel) such frames of 

reference, – as it were – charge the condensers to a 
potential that may produce a spark. The creative spark, 
even in science, may come as a sudden unexpected 
insight or intuition, which may be Koestler’s bisociation. 
This is the trigger, but the left brain must be ready for it 
and be able to make use of it. In this case clearly the 
right brain takes the initiative, to which the left brain is 
subservient. Very often this is the discovery of an 

analogy, which no-one saw before.  
He gives several examples in humour, such as: The 
marquis, who has a palace on the market square, arrives 
home unexpectedly and finds his wife in bed with the 
bishop. He looks at the surprised couple for a while, then 
he goes to the balcony and starts blessing the crowd 
outside. When this is queried by the bishop, his answer 
is: ‘if you do my job, I do yours’. Bisociation occurs 

between the two normally unrelated, but otherwise quite 
logical frames of reference, which look at the same thing 
from two different points-of-view.. 
The same kind of bisociation is also the key to most art, 
both in the creation and in the enjoyment of the product. 
It gives an internal tension, inducing the viewer to switch 
attention from one level of thought to another. He gives 
the example of Rembrandt’s flayed ox: at one level it is a 
repulsive, disgusting object, but one can forget the 

subject and enjoy the beauty of the patterns of light, 
shadow and colour. This deliberate juxtaposition by the 
painter of two frames of reference is – again – 
bisociation. Art originates in sympathetic magic 
(essentially a right-brain activity), its basis is much more 
ancient, emotional rather than rational, but today it is also 
the product of hemispherical interaction. 
Koestler suggests that the scientist as well as the artist 

are equally dependent on such bisociation, on their 
intuitions as well as rational thinking and I wonder if this 
proposition is the same as Torey’s ‘hemispherical 
interaction’. 
 

2. PHILOSOPHY 
 
In design theory the basic analysis-synthesis-evaluation 
schema was dominant for several decades. This is akin 
to the naïve view of science, of scientific method, which 

originated with Bacon (1620) and Descartes (1635), 
whereby empirical data collection, followed by analysis 
and inductive reasoning will result in making a 
hypothesis which is then subjected to verification. 
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Popper (1972) concentrates on the last of these: 
verification or falsification. He recognises the method of 
trial-and-error, or conjectures-and-refutations as crucial 
to science. In his view proven scientific knowledge does 

not exist. There is no such thing as absolute proof. Bold 
conjectures are necessary even if most are subsequently 
disproved. He turns the argument around and suggests 
that if a statement or proposition cannot be disproved, it 
is not scientific. Certainty may be replaced by probability. 
In his view science is permanent revolution. Commitment 
(to any fixed view) is no more than belief, it is not only 
like wearing blinkers, but it is criminal. 

This is anathema to Kuhn (1962), who sees a slow 
development in ‘normal’ science, within the established 
and accepted framework, occasionally, at a crisis point, 
interrupted by a revolution, a paradigm change. The 
notion is similar to the Hegelian dialectics: slow 
quantitative changes accumulate over an extended 
period, then burst into a large qualitative change. 
My own footnote to the science philosophy of the second 

half of the 20
th

 century is that although it is fashionable to 
follow the dogmatic ‘falsificationism’ and say that Einstein 
disproved Newton or that modern geometry disproved 
(falsified) Euclid, I suggest that this is an arrogant and 
narrow-minded view. This is throwing out the baby with 
the bathwater. Only the exclusivity, comprehensive or 
absolute validity of Euclid or Newton have been 
disproved, creating a broader view, an enlarged frame of 

reference. For the stated frame of reference (as in terms 
of the then available observed evidence) Euclid or 
Newton are just as valid today as before Gauss or Bolyai 
and Einstein. This view is well recognised by Lakatos 
(1970): a theory may be valid within a given context. 
How does this all relate to design theory? 
 

3. DESIGN THEORY 
 

The study of systematic design methods was very 

popular in the 1960s and 70s, witnessed by successive 
conferences on the subject: Oxford (1963), Birmingham 
(1965), Portsmouth (1968) and Cambridge, Mass. 
(1970). Alexander (1964), Gregory (1966), Christopher 
Jones (1970), Broadbent (1973) and Wade (1977) made 
significant contributions. Most of these are based on the 
analysis-synthesis-verification sequence. Rittel (1972) 
suggests that 1972 was the beginning of the “second 
generation” methods. He urges the cooperation of the 

architect with the client. He recognises the “symmetry of 
ignorance” as well as the argumentative nature of the 
process, which should be transparent and documented. 
All these are well reviewed by Heath (1984) and he 
suggests that there is no ONE method for design. The 
method is dictated by the social nature of the task, and 
he distinguishes three main groups of such tasks: 
- commodity buildings (determined by their function) 

- symbolic buildings (where their significance is 
dominant) 

- systems buildings (governed by the system to be 
accommodated). 

Such studies went out of fashion by the early 1980s. 
Practising architects considered it as mental 
masturbation of academics who have nothing better to 
do. “Those who can, do”. However even as an academic 

discipline it ran out of steam. The last significant 
contribution (in my view) was Lawson’s book (1980): 
“How designers think”, although he is no longer 
concerned with method, rather with design thinking and 
philosophies. It is more explanatory of practice than 
postulating methodologies. He contends that ‘design’ is a 
skill, a skill of thinking, developed by practice (building 

neural paths between the two hemispheres ?) but it must 
have a knowledge-base. Both Ryle (1949) and Bartlett 
(1958) consider thought as a matter if skill. De Bono 
(1967) suggests that in education the development of 

this skill of thinking is more important than “to be stuffed 
with facts”. 
Schön (1983) is also concerned with design thinking, but 
goes further in analysing architectural practice. He 
suggests the “displacement of concepts” as the first step 
in the creative process: the intuitive perception of 
analogies. This is very similar to Koestler’s bisociation 
theory. De Bono (1970) was already pointing in that 

direction with his “lateral thinking” and even earlier 
Osborn (1963) was suggesting this direction in thinking 
with his “brainstorming” processes. 
Bamford (2002) replaces the analysis-synthesis (A/S) 
schema with the Popperian conjecture-analysis (C/A) 
sequence. Analysis itself must be directed by some 
conjecture (to select what is to be analysed) and – in the 
light of the foregoing this is likely to be a right-brain 

initiated process. The left brain seems to have its main 
role in the subsequent analysis, review or attempted 
refutation. Schön’s ‘reflection in action’ fits well with this 
C/A proposition. Hillier (1996) refers to this C/A as 
‘conjecture-test’ and acknowledges that thereby science 
is led by intuition and imagination. 
 

4. ART AND SCIENCE 
 
The primary meaning of the word art is ‘skill’, but it is 

extended to mean the application of such skill to 
“subjects of taste (poetry, music)” or to the arts of 
“imitation and design (painting, architecture)”, but also 
“the practical application of any science” (the Shorter 
Oxford Dictionary, 1973). Herbert Read (1931) uses the 
word primarily for ‘plastic’ or ‘visual’ arts, but concedes 
that literature and music should be included. He 
suggests that the purpose of art is the communication of 

feeling and draws a sharp boundary between art and 
beauty. Not all that is beautiful is art and not all art is 
beautiful. 
Feelings and emotions can be very powerful in 
influencing human behaviour, can influence or even 
override reason and are strongly influencing art. Art can 
be considered as communication from emotion to 
emotion. When I am in a foul mood, a Miro painting can 
cheer me up. The painter’s sense of humour is 

infectious. I cannot explain why, but some other abstract 
art does not affect me, is not on my wavelength, my only 
response can be rational. 
In Schopenhauer’s (1948) view music alone has the 
abstract quality to which all arts aspire. Architecture has 
the most utilitarian content and is most bound by 
materials. Indeed one can compile a list of arts in the 
order of being bound by materials and of utility, such as: 

music – poetry – literature – theatre – painting – 
sculpture – (industrial~ and product~) design – 
architecture. This order also implies an increasing 
dependence on technology. 
Both Read and Roger Fry (1920) consider art and beauty 
as social phenomena and historically changing. Both are 
culture-dependent and reflect current thinking. My 
question is: whose thinking? Is it art for art’s sake (l’art 

pour l’art), is it architecture for architects (and perhaps 
only the avant garde of architects), or is it for the 
‘people’? Do we follow the Frank Lloyd Wright edict to 
“give them what they cannot even think they could 
gave”? Is this ‘current thinking’ really changing as fast as 
architectural fashions are? 
Science is defined as knowledge acquired by study, or 
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“a branch of study, a connected body of demonstrated 
truths, or observed facts systematically classified … 
brought under general laws” (Shorter Oxford Dictionary). 
In plain English it is organised knowledge, our mental 
picture of the world and of how it works. How such 
knowledge is obtained is the subject of epistemology, a 

branch of philosophy discussed above. For Kant (1933) 
the ding-an-sich (thing-in-itself) is not knowable, reason 
deals with noumea, our mental pictures of phenomena, 
but he also concedes that, although human reason is an 
island, it is a fairly well equipped island and we can live 
with it. 
In this sense we can live with modern science and I 
suggest that science alone is capable of explaining the 
world and science alone has a predictive power. When I 

receive some new information, I check if and how it fits 
my internal picture of the world and if it fits, I build it in, 
recognise it as fact, perhaps modifying my view; if it does 
not, I ignore it. Similarly, any statement that is purely an 
assertion would be ignored. I like to listen to opinions, if 
well reasoned, but I liberally use Occam’s razor. I much 
rather accept that “I don’t know” than to accept 
assertions at face value as truths. My only “belief” is 

human reason. 
 
Table 2: The two sides of architectural thought 

S A 

CONSTITUENTS  
science  
knowledge  
left-brain 
structured, patterned thought 
 
rational, often linear thinking 
logical deduction 
 
social service 

art 
skill 
right-brain 
haphazard and chancy thought 
fantasy 
emotive, lateral thinking  
analogies and icons to generate 
ideas 
creativity, ‘monument to myself 

CONCERNS  
substance, function  
space planning, flows 
(2D) structures and construction 
thermal and acoustic performance 
lighting, esp. daylighting 
energy economy, economy of 
means 
sustainability 
honesty 
technology 

form 
3D arrangement of masses, plane 
and linear elements  
striking, innovative arrangements 
interesting shapes that 
photograph well 
tour-de-force 
cultural relevance 
imagination 
poetry 

EPITHETS  
discursive 

objective, based on facts 
analytical 
verifiable 
boring, square 
rigid, fossilised 
hard-headed 

non-discursive 

subjective, opinionated 
holistic 
unspecifiable 
interesting 
woolly, nebulous 
sensitive 

 
So, there is a difference between scientific and artistic 
thinking and world-view, but the two may not be mutually 
exclusive. In recent years (decades) a dichotomy 
developed, opposing science with art in architecture. In 
my view there is no sharp boundary, there is an artistic 
element in science (both in formulating new conjectures 

and in assessing results, e.g. enjoying an ‘elegant’ 
solution) and a scientific content in all art (many artists 
are ‘calculating’ and produce rationally created images, 
such as in op-art, or are inclined to at least post-facto 
rationalisation of their product), especially in arts more 
bound by materials and technology, but even a 

composer would look at his/her own product (or any 
other composition) critically, which is a left-brain activity, 
using scientific thinking. It has been suggested that 
scientific thinking would stifle creativity (my grandpa with 
his setsquares?), and also that the lack of it would lead 
to irresponsible formalism.  

It may serve some purpose to compile a list of terms 
(both nouns and adjectives) used in the context of these 
two categories, which I will call just S and A, partly those 
that the protagonists of each would use about 
themselves, partly pejorative terms used by the 
opponents. 
Even a cursory examination of such a list (or some other 
version of it) would indicate the absurdity of relying either 
on ‘S’ or on ‘A’ exclusively, especially in the most 

utilitarian of arts that is architecture. How can we 
integrate the two constituents? Could we combine all the 
positive terms and get rid of the negative ones?  
Hillier (1996) suggests that architecture is not part art, 
part science, but it requires the processes of scientific 
abstraction and the “concretion” of art. Design is a 
combinatorial activity, creating a configuration that is 
more than the sum of its parts. And combinatorial 

conjecture is guess, intuition. “Architects design form but 
hope for function.” 
 

5. ARCHITECTURE 
 
There is no doubt that architecture grew out of the craft 

of building. Archi- (!"#$) as a prefix, means chief, prime, 

leading, and -tektou (%&'%()), as Latinised into –tectus, 
means builder. The word has been used since the 1500s 

to mean master builder. 
Science had an influence on architecture in the 18

th
 

century, mostly through the French engineering schools 
then developed, based on the rationalist thinking of 
Bacon and Descartes. Broadbent (1973) suggests that 
Descartes’ ‘rules of logic’ were derived from architecture. 
This was primarily the development of the science of 
statics and structures. The second wave of scientific 

influence came in the mid-19
th

 century with César Daly 
and Violet le Duc (1875). The modern movent in the 
early 20

th
 century advocated the role of scientific 

knowledge. The sun was discovered as a strong 
influence, lighting, noise and comfort of occupants was 
mentioned, but knowledge of these was badly lacking. 
Then, in spite of the warnings of Gropius (1935), modern 
architecture became a “style”, the epigones imitating the 

forms, without the thinking that generated those forms; 
modern became modernism . 
The more recent re-discovery of science (by architecture) 
comes with the 1958 Oxford conference of the RIBA. 
Building science (the topics suggested by the Bauhaus 
and CIAM) was 
 rapidly developed in the post-war years by the various 
research organizations and found its way after 1958 to 

the schools. Unfortunately this was a short blooming. 
The knowledge-base of architecture, traditionally referred 
to (e.g. by Lawson, 1980) as the science of building, has 
been considered under three main headings: 
- building fabric – materials, construction and structures, 
- building environment – heat, light, sound and energy 

(passive systems) 
- building services – water, wastes and energy (HVAC 

and supply systems, installations). 

It is this knowledge-base (also including non-technical 
knowledge, such as law and standards, business 
practices, etc) that may constitute competence in 
architecture, especially when referring to the 
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responsibility of the architect both to the client and to 
society. 
After the Oxford conference there was much discussion 
on what topics and at what level should be included in 

the architecture syllabus. A parallel argument was 
devoted to the role of mathematics. There were attempts 
to include mathematics as a subject, to have architecture 
students to take courses offered by the mathematics 
department. Others disputed the usefulness of 
mathematics for architects.  
My argument was that some basic mathematics is 
essential but beyond a certain limit the student gets 

bogged down with mathematical techniques and its 
usefulness will decrease, as indicated by Fig.1. I would 
even concede that it is not really mathematics that I 
advocate, but the development of numeracy. The use of 
numbers to assist thinking. 
 

 
Figure 1: Suggested relationship between mathematical 

knowledge and its usefulness in architecture 

 

Something similar to the approach of Polya (1957). That 
limit (point A) would include some elementary algebra, 
geometry, trigonometry and perhaps some analytical 
geometry. This should be sufficient to facilitate the 
development of disciplined thinking. Differential/integral 
calculus would already be beyond point A, on the 

downward slope. A mathematical fluency could perhaps 
be useful (point B) but that could certainly not be 
accommodated in the architecture course. 
More recently, architectural science came to include the 
above building science, with an emphasis on how such 
science is used in architectural design, but extended to 
include some areas of the social sciences, from 
ergonomics to architectural psychology, scratching the 

surface of anthropology and sociology. 
The profession, very impatiently, expected science to 
provide complete solutions, which it could not do. A little 
knowledge is worse than no knowledge, it may cause 
impotence, as it did with my eye-operating old man. And 
knowledge does not make form. Many a rationalist could 
do very good pre-design studies or evaluate a proposed 
design, but is at a loss when it comes to form-making, 

the ‘black box’ of creativity. Thus the profession turned 
away from anything scientific.  
Post-modernism, deconstruction and other formalistic 
aberrations put an end to any science-orientation in 
architecture by the mid-1980s. There was (and there is) 
however a continuous development of the building and 
building component technology, driven by industry and 
the profit-motive. Even the most formalist-minded and 

fanciful (right brain-dominated) architect is bound by the 
capability of technology. This is however (again) a two-
way process. The imaginative designer may go a step 
beyond the limits of existing technology and force that 
technology to catch up with the design idea. This is true 
for Frank Gehry’s Bilbao museum, that could not have 
been done without 3D computer graphics (and CAM), as 

well as for Utzon’s Opera house. His original sketches 
(based on the sails analogy) were rationalised by 
himself, transformed into a series of constant radius 
curvature segments, which then enabled Arup to 

translate these forms into a buildable structure. 
 

6. EDUCATION 
 
In architectural education the studio is the main 
institution of learning. The teaching of architectural 
science (and of any other ‘supporting subject’) is rarely 
effective, in the sense that whatever is learnt, is not 
made use of in design, in the studio. This is the perennial 
subject of much heart-searching and many studies in 

architectural science circles. 
The excellent paper given by Purcell (ANZAScA 2002) 
identifies ‘inert knowledge’ (or rather the inert nature of 
knowledge) as the barrier to integrating the lecture-input 
with design activity in the studio. He suggests that the 
cause is that lectures come from different teachers, 
delivered in a different place, so the knowledge gained is 
not connected to the design task. In terms of the above 

discussions, it could be attributed to the fact that 
structural/constructional/environmental knowledge is 
stored in different frames of reference, will constitute 
different ‘universes of discourse’. I fully agree with his 
diagnosis, but his remedy is only a partial solution. I 
concluded years ago (Szokolay, 1995) that “The problem 
is not the teaching of architectural science, the problem 
is the design studio”. 

The studio projects have no relationship to the 
‘knowledge input’. The structural and environmental 
frames of reference are not called up in the design studio 
‘universe of discourse’. The only (at least partially) 
successful solution I have seen is what we introduced at 
the Polytechnic of Central London (now University of 
Westminster) in 1970-73, that I described at ANZAScA 
’95. The essential feature of this was a block course 

arrangement. Each main ‘supporting subject’ had one 
group of students for one term (cca. 12 weeks), almost 
full time (at least 4 days per week) and was responsible 
for both ‘input’ and studio. 
For example, in environmental science lectures were 
given, short exercises set, including laboratory work, but 
the same teachers also set the design project and 
conducted the design studio. In the early years these 
were rarely full-fledged realistic design projects, they 

were devised so as to make it unavoidable for the 
student to make immediate use of the material learnt in 
lectures and exercises. We coined the term controlled 
projects. Lectures were given in the laboratory, students 
initially worked at the lab. benches, in groups, argued out 
the design, there were group (as well as individual) 
tutorials in the lab. Students may have moved into the 
studio space for the final presentation. I didn’t encounter 

the term ‘inert knowledge’ at that stage, but the method 
certainly avoided it and succeeded in making that 
knowledge active.  
In today’s terms I would say that the material received by 
the right brain was immediately and thoroughly 
connected to the left hemisphere and the multiple 
hemispherical switching created and enhanced the 
innervation, perhaps even creating some actual neural 

connections. The conceptual design problem invoked 
intuitive brain reactions, immediately connecting to the 
left, calling up the rational knowledge, linking it with the 
spatial functions of the right brain. 
Of course we were lucky to have lecturing staff who were 
knowledgeable in one of the supporting subjects, 
capable of the lecturing input, but also full-fledged 
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architects, able to set, run, crit and discuss the design 
projects in their totality. Later, In Queensland I did not 
succeed in getting a similar course pattern accepted. It 
was argued that my ‘controlled projects’ are useless, only 
fully realistic projects can generate ‘architectural’ 
experience. We just ran the Architectural Science course 

for one semester of each of the first three years, but at 
least we had a group of students for one full day per 
week, that started with one or two lectures and the 
issued assignment had to be completed by the end of 
the day. 
Schön (1983) contends that much of the knowledge 
architects use in practice is tacit knowledge (in the sense 
of Polya, 1957) which cannot be spelt out or written 
down, but it does influence our actions. We often make 

decisions ‘by feel’, which is really such tacit knowledge. 
Such knowledge is gained by experience. (The design 
studio is supposed to be ‘accelerated experience’, but 
not with controlled projects?). Very often we act 
‘intuitively’, or ‘instinctively’, when that instinct is in fact 
such tacit knowledge, perhaps obtained by experience 
but never explicitly formulated. 
Recently, I said to some colleagues that the best way of 

learning is by doing. I had in mind the above block-
course arrangement. The result was that after I retired 
and they could not find anyone to teach the ‘supporting 
subject’ architectural science, it was abolished, and a 
studio-based ‘environmental design’ was introduced. 
This may create some enthusiasm for environmental 
issues, but very little competence. 
 

7. CONCLUSION 
 

There seems to be general agreement that architectural 
design is based on conjecture / analysis (or conjecture / 
test). I suggest that any design consists of a large 
number of C/A sequences. At the scale of the overall 
process of a design, the brief and pre-design analysis of 
the problem, recognition of the constraints, both physical 
and non-physical, is clearly a rational activity, using 
scientific tools and thinking. Optimally, this can be a 

definition of the ‘solution space’, or delineation of the 
boundaries of the designer’s freedom. Later, when a 
design hypothesis will have been formed, it would be 
considered, criticised, evaluated, analysed and tested in 
rational terms and developed in detail. The designer’s 
scientific and technical knowledge has an obvious role in 
both the pre-design phase and in the evaluation / 
development of a proposal.  

I would however propose a multi-C/A theory of design, 
for the central, creative phase of design (to replace the 
‘black box’ phase of Osborn or Broadbent). I would 
suggest that in this phase (which is essentially a right-
brain process) knowledge also has a crucial role. This is 
essentially ‘tacit knowledge’ (of Schön), but could be 
explicit knowledge outside the ‘current focus’ (of Torey).  
We have a repertoire of ideas accumulated from looking 
at buildings, at pictures of buildings, plans, technical 

solutions, from reading about and study of these, but 
even from conversations (e.g. in crits). This is not just a 
repertoire of formal solutions (which may engender 
copying, but may just inspire new formal ideas), but also 
of ideas abstracted during the above ‘input’ processes, 
from technological information and during learning in 
general. They may be our own ideas, generated when 
looking at external inputs. When thinking of a design 

problem, this repertoire is scanned for relevant items. 
Memory can be activated by a multitude of different 
thought-triggers, temporal, locational, personal 
connotations, by analogies, pattern similarities or 

contrasts, even by smell. These ideas may be flashed up 
at the speed of light (not even consciously followed), 
discarded or kept, perhaps combined. This may be 
considered as a series of micro- C/A sequences. Even at 
this micro-scale the hemispherical interaction, the 
integrated art – science operation is essential. Ideas 

selected may then be consciously considered and 
tested, first in thought, than with the proverbial 6B pencil. 
It is therefore not enough to have a rational (left-brain) 
knowledge of science and technology. Its mirror-image 
should exist in the right brain to ensure a quick and 
painless search.  
Analogia non probat, but I may be allowed to finish with 
an illustrative (and I hope very 21

st
C) analogy: I have a 

CD full of digital photo images (my left brain). I can call 

up a directory, a screen-full of miniature images (right 
brain), from which to select the one I want. As they scroll 
down the screen I look at each miniature (conjecture) in 
a fraction of a second I follow a C/A sequence, discard or 
highlight that image. When I find what I think I want, I call 
up the full screen detailed image (from the left brain). 
Another C/A (perhaps ‘mini’, as more than the above 
‘micro’ but not yet the full, final): if I find it OK, I click, to 

get it printed out or transferred into my PowerPoint 
presentation. 
The quality of the resulting architecture depends on what 
is included in that tacit repertoire and what are the 
(perhaps subconscious) criteria for selecting the idea 
around which the design will be built up. The role of 
education must be to ensure that the knowledge input is 
digested, it filters across into this repertoire and it is well 

balanced, consists of not just formal ideas, but ideas 
abstracted from studies of structures, building 
technologies, climate-responsive thermal behaviour of 
buildings, sustainability and from general reading. In fact 
from the totality of the educational and socio-cultural 
experience. 
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Keynote speaker on Architecture and environmental context 

 
Senator Bob Brown 

 
Australian Greens 

 
 

Senator Brown, born in 1944, was educated in rural New 
South Wales, became captain of Blacktown Boys High 
School in Sydney and graduated in medicine from 
Sydney University in 1968. He became the Director of 
the Wilderness Society which organised the blockade of 
the dam-works on Tasmania's' wild Franklin River in 
1982/3. 1500 people were arrested and 600 jailed - 
including Dr Brown who spent 19 days in Risdon Prison. 

On the day of his release, he was elected as the first 
Green into Tasmania's Parliament. After Federal 
government intervention, the Franklin River was 
protected in 1983. 
As a State MP, Bob Brown introduced a wide range of 
private member's initiatives, including for Freedom of 
Information, Death with Dignity, lowering parliamentary 
salaries, gay law reform, banning the battery-hen 
industry and nuclear free Tasmania. Some succeeded, 

others not. Regrettably, his 1987 bill to ban semi-
automatic guns was voted down by both Liberal and 
Labor members of the House of Assembly, seven years 
before the Port Arthur massacre. 
In 1989, he led the 5-Greens parliamentary team which 
held the balance of power with the Field Labor 
Government. The Greens saved 25 schools from 
closure, instigated the Local Employment Initiatives 

which created more than 1000 jobs in depressed area, 
doubled the size of Tasmania's Wilderness World 
Heritage Area to 1.4 million hectares, created the 
Douglas Apsley National Park and supported tough 

Labor fiscal measures to recover from the indebtedness 
of the previous Liberal regime. Bob resigned from the 
State Parliament in 1993 and Christine Milne took over 
as leader of the Tasmanian Greens. 
In 1996 Bob was elected to the Australian Senate where 
he has introduced bills for constitutional reform, forest 
protection, to block radioactive waste dumping, to ban 
mandatory sentencing of aboriginal children and for 

greenhouse abatement. 
Bob Brown has been a life-long activist. As well as the 
Franklin campaign, he was shot at and assaulted at 
protests against logging at Tasmania’s Farmhouse creek 
in 1986, and in 1995 was arrested and jailed twice for 
demonstrating peacefully to protect Tasmania's Tarkine 
Wilderness from roading and logging. In 1990, Bob 
Brown established the Australian Bush Heritage Fund to 
buy land for conservation. His books include Lake 

Pedder, Wild Rivers, Tarkine Trails, The Greens and, in 
2004 ‘Memo for a Saner World’. 
Bob Brown was a driving force in forming the Australian 
Greens in 1992. He has travelled extensively, fostering 
Green politics and forming close links with Greens in 
Europe, the Americas, Africa and Asia. In 2001 he was 
re-elected to the Australian Senate. 
Bob has a house on the Liffey River beneath snowy Drys 

Bluff in central Tasmania. He enjoys photography, 
bushwalking, poetry, and philosophy. 
 

[www.bobbrown.org.au/200_about.php] 

 

 
Keynote speaker on Architecture educational context 

 
Professor Daryl Le Grew 

 
Vice-Chancellor, University of Tasmania 

 
 
Professor Daryl Le Grew took up his appointment as 
Vice-Chancellor of the University of Tasmania in January 

2003. 
Prior to this, Professor Le Grew was Vice-Chancellor at 
Canterbury University in New New Zealand for four years 
where he instigated many reviews and changes to the 
University’s structure and modus operandi in response to 
shifts in government policy and funding arrangements.  
He held various regional and national appointments 
through the New Zealand Vice-Chancellors’ Committee 
and the New Zealand Academic Audit Unit and the 

Mayoral Forum in the City of Christchurch. 
Prior to his appointment to Canterbury, Professor Le 
Grew was Deputy Vice-Chancellor and Acting Pro-Vice-
Chancellor (Research) at Deakin University.  He joined 
Deakin in 1986 when he was appointed Professor of 
Architecture following academic appointments at the 
University of Melbourne and overseas. 

Professor Le Grew has a MArch degree from the 
University of Melbourne and is a registered Architect in 

Victoria.  He has maintained an active interest in 
architecture in both Australia and New Zealand and has 
served on many adjudication panels and acted as an 
advisor for major public building development projects.  
He is a Life Fellow and former Council Member of the 
Museum of Victoria. 
At Tasmania, Professor Le Grew is engaging the 
University with a strategic agenda that underlines 
excellence in research and teaching, coupled with 

national and global differentiation as a world leader in 
key specialist areas; along with a program of appropriate 
growth and expansion. 
He continues to publish in areas of flexible learning and 
environmental education and has continuing pro bono 
consultations in major public architectural projects in 
Australia. 
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ABSTRACT: This paper discusses the emergence of timber as a prime construction material used in 
low-rise multi-storey multi unit residential development. Historically residential timber buildings were 
limited to two and a half floors under the light timber codes, and further limited to concrete ‘fire proof’ 
inter-tenancy walls. Fireproofing is no longer restricted to concrete, and design methods have 
recognized the potential to build beyond 2-3 floors. Currently timber buildings are being constructed to 
five floors. Generally these buildings are constructed from small section gauged timber, with the 
occasional building utilizing post and beam construction. Both design approaches are discussed by 

reference to existing buildings, as are the approaches taken by the New Zealand codes/industry. The 
major problem facing timber utilization in multi-residential building is sound transmission, particularly 
over the low frequency range. While the current code requirements for sound attenuation are met, 
building users report undesirable levels of ‘neighbour noise’. The acceptable level of sound 
transmission is under review, and the expected recommendations will see the requirements increased. 
This change will place greater demands on timber buildings, demands that exceed present 
construction practice. Current New Zealand research on sound transmission is presented and reviewed.  
 

Conference theme: Building technology 
Key words: timber, multi-storey, residential, acoustics 
 

 

INTRODUCTION 
 
The 1992 Building Act (Building Act 1992) replaced a 
host of codes and local authority decrees. The intention 
of this change was to move from a prescriptive set of 
codes to a national code that was performance based, 

overcoming the problems of local interpretation and 
restrictions on new building types and materials. Existing 
codes could still be used, but they had to meet the new 
standards. 
Prior to 1992 two codes controlled the height of timber 
buildings. NZS 3604 “Timber Framed Buildings”, (NZS 

3604) and NZS 1900 Chapter 5 “Fire Resisting 
Construction and Means of Egress”.( NZS 1900) Of 
these the fire code was the most restrictive, limiting 
timber buildings to two stories, in the Outer B fire Zone, 
with the provision for a mezzanine floor that did not 

exceed one third of the floor area below. (NZS1900) It 
was by exploiting the mezzanine provision that timber 
buildings to a height of three stories were achieved over 
1/3

rd
 of the buildings floor plate. The zoning requirement 

also limited the development of commercial timber 
buildings, restricting them in the main to motel buildings. 
(Figure 1) 

 

 
Figure 1: Three storey motel building in timber, constructed prior to 1992 
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1.1. 
NZS 3604 first introduced in 1981 and subsequently 
reviewed and upgraded in 1990 to engage with the ‘limit 
state’ approach. It was revised again 1994 and again in 

1999. NZS3604 is recognised as a means of compliance 
with the 1992 Building Act. However, the fire code was 
replaced. This was perhaps the most significant change 
for the industry, opening the way for multi-storey timber 
buildings to be considered in all fire zones. 
 
1.2. Design loading  
Buildings in NZ are required to be designed to resist 

gravity, seismic and wind loads as specified in the New 
Zealand Loading Standard. (NZS 4203) the requirements 
vary throughout the country, depending on location– 
Wellington is in a region of the highest design seismic 
loading, and one of the highest wind loading conditions. 
Loading conditions are also influenced by the importance 
attached to the building, the fundamental lateral periods 
of the building, site subsoil conditions and the ductility 

provided by the completed structure.  
 
1.3. 
The four buildings reported below were designed or 
constructed in the post 1992 environment. Two are 
essentially low rise, application/extension of NZS 3604, 
while the latter two describe (in limited detail) the high 
rise timber buildings requiring specific engineering 

design. 
 

2. EDEN OAKS APARTMENT BUILDING. 1994  
 

 
Figure 2: Eden Oaks, East elevation, - car park in 
concrete structure to lower level, note long external 

sound paths from one unit to the other. 
 

The five storey apartment building (Figure 2) of twenty 
units is located in an inner suburb of Auckland City, and 

could be considered as the forerunner of buildings that 
introduced construction concepts that exceeded the 
restraints of NZS 3604. The four floors in timber were 
constructed on the suspended concrete floor of the 
parking level, a three sided concrete box. Column lines 
of the car park line up with the dividing walls of the first 
two levels of apartments. At these levels the apartments 
are single storey and have a plan width of 8.238 m. The 
two top levels have a plan width of 4.119 m. (centre to 

centre) Consequently the upper two levels have the party 
walls coming down into the middle of the single storey 
units below. These loads are taken onto timber beams 
set into the ceiling space. This is different as the 
common structural approach is to carry a load path 
vertically through to the foundations. While the exterior 

sound path due to the set backs and flanking walls is 
helpful the sound path between units due to the over 
lapping of occupancies may compromise the 
soundproofing. 

 
2.1. 
The walls between the units are fully lined and 
essentially fully braced and where necessary additional 
ply bracing is included. This shear wall structure with a 
low period and high frequency is centred on elastic 
design using timber frame construction as per NZS 3604 
both for gravity loading, seismic and wind loading. The 

NZS 3604 approach exploited in this building were 
confirmed against the requirements of NZS 4203 and 
NZS 3603.(NZS 3603) (Nicholls 1995). These are 
loading codes applied to specific designs, rather than 
more general, universal non-specific NZS 3604  
 
2.2. Construction  
The building is structurally tied (longitudinally and 

transversely) at the concrete deck level and the roof, so 
resisting wind load as a block. However, for sound 
attenuation reasons double stud walls from its neighbour 
separate each apartment. The boundary wall (W 
elevation) is tied through at each level with an 
acceptance of some reduction in acoustic standards 
between the corridor and the apartment. The ‘standard’ 
double stud 100x 50 mm @ 600 cnts were used for all 

party walls or load bearing walls over all floors. Walls are 
upgraded to their shear wall function as necessary by the 
addition of plywood, nail fixed to the cavity to ensure no 
interference with the gypsum board linings, which act as 
part of the acoustic system. Tie down strapping (nailed 
galv. steel- a NZS 3604 detail) were placed at each end 
of these shear walls.  
Floors utilized 250 x 50 mm pinus radiata at 600 cnts 
fixed with metal joist hangers. The inner space filled with 

75 mm fibreglass insulation. Ceilings comprise one layer 
of 12.5 Fyreline overlaid with further layer of Fyreline 
16mm thick, and supported on metal battens fixed via 
hangers to the u/s of the joists 
 
2.3.  
Only platform framing, rather than the balloon framing is 
used with the 19mm particleboard flooring being nailed 

off as a structural diaphragm. The outer sheet cladding 
was detailed to allow for cross grain settlement. As there 
are only three timber floors the amount of cross grain 
settlement would not be significant.  
 
2.4.  
To meet the acoustic requirements multiple layers of 
gypsum plaster board were applied as detailed in the 

Winstone handbook. (Gib noise control systems 2000) 
This approach met the air borne STC ratings required by 
the Code, while at the same time meeting the fire 
resistance requirements. The performance of the 
structure to absorb impact sound is not clear from the 
documentation. The author suspects that it would be 
difficult to achieve a satisfactory level with the floor 
system provided.  

 

3. GULF VIEW TOWERS; AUCKLAND NZ 
 
Gulf view Towers is a ten-storey residential apartment 
and car parking building. Five storeys of this building are 
constructed in timber, and five in reinforced concrete. 
Four and a half of these reinforced concrete storeys were 

originally a spiral deck type carpark building constructed 
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in the early 1960’s, but not completed. Analysis of the 
existing building, from what records could be obtained, 
coupled with site investigations showed that a further 
concrete floor as a parking deck could be constructed on 

the existing or a five storey timber building. (Figure 3) 
 

 
Figure 3: Gulf View Towers, North Elevation. 

 
3.1. Structural Concepts 
Due to the desire for extensive openings to the 
north ,and the height of the building, insufficient strength 
for an all timber approach using ply as the main system 
for shear resistance was not possible. The solution 
adopted was to combine the compression qualities of 

timber, with the tension qualities of steel. Timber if 
adequately restrained performs well in compression with 
relatively simple connection design, providing the butt 
jointing of members are in direct bearing. Tension forces 
are difficult to cope with, particularly as the joint design is 
often complex, which may see the member failing in a 
sudden non-ductile manner. Steel on the other hand 
performs well in tension, jointing can be readily achieved, 
and can be schemed to fail in a ductile manner. (Figure 4) 

 
3.2. Loading 
The gravity load supporting system consisted of a 
combination of long span proprietary floor joists and 
ordinary sawn timber floor joists, supported between load 
bearing timber framed walls, load bearing plywood 
sheathed shear walls and the occasional steel beam. 

Machine stress graded, kiln dried timber was used. 
Balloon framing techniques were used where load 
bearing studs are butt jointed and floor joists are fixed to 
the sides of the wall studs. This reduced cumulative 

perpendicular to the grain compression and shrinkage, 
which over a tall building could be significant if the 
construction method was based on the ‘platform’ framing 
method. The lateral loads in the longitudinal direction 
were resisted by a series of ‘ply box’ type construction 
shear walls, along the rear face of the building and a 
moment resisting frame consisting of ‘ply box’ 
construction columns with glue-laminated beams. The 

lateral loads in the transverse direction were resisted by 
a combination of ‘ply box’ type shear walls and ‘internal 
ply wood’ type shear walls. (fig 4) 
Steel tie rods resist tensile forces in both the shearwalls 
and the moment resisting frame columns. These tie rods 
were anchored at each floor level using steel plates. 
Access points were left in the ply box type shear walls to 
ensure that a final tightening of the tie rod systems could 

be carried out prior to internal linings being placed. It is 
interesting to reflect on the Californian use of steel 
tension rods between concrete basement level and roof. 
In California the purpose of such rods was to prevent the 
vertical movement of the building when subjected to 
vertical acceleration from earthquake forces. Both the 
‘internal plywood’ and the ‘ply box’ type of shear wall 
operate in the same way. Shear forces are transferred to 

the reinforced concrete structure via the plywood panels. 
These panels are restrained from buckling by the timber 
framing, which also provides for the transfer of the shear 
flow from one panel to the next, and to support the 
gravity loads from the suspended floors, while the 
cantilever bending moment induced in the wall is resisted 
by the cluster of tension (steel) and compression (timber) 
members at the ends of the walls. 
 

3.4. Construction method dictated basis of design 
The construction method preferred by the contractor saw 
the construction on site of rigid plywood shear walls of 
approximately 10 m wide by 6 m high. To achieve 
erection without damage the panels were glued up using 
the West (epoxy) system. As this system produces non 
ductile behaviour the design approach was consequently

 

 
(Nicholls 1996) 

Figure 4: Schematic sketch of structural system from the South. Details of the internal and external ply shear wall. 
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effects of a Maximum Credible Earthquake (MCE) 
situation verified that ultimately a ductile mode of failure 
would exist. This would be achieved by the yielding of 
the tension tie rods in both the moment resisting frames 

and the shear walls prior to any brittle type failure of the 
timber members.  
The moment resisting frame formed with timber 
compression chord, steel tie rod moment resisting couple 
is utilised in the ply box columns. The chords are 
manufactured from glue laminated timber, and these 
pass continuously through the beam column joint with 
splices at mid span,- possible at mid span as the 

moments are small. Fabricated steel sections, anchor 
plates and coupling nuts connect the steel tie rods. Ply is 
then nailed over the entire surface, enclosing the steel 
anchor plates, and forming the ply faced columns. 
(Figure 5) 
 

 
Figure 5: Detail of the steel tie rods connecting the 

beams to steel/timber combination column 

 

4. MARTIN SQUARE WELLINGTON NZ 
(MILBURN & BANKS 2004) 
 
Accommodation Building for 130 students. Six floors of 
timber building on a concrete car park structure.  
Building footprint 21 x 31 metres (Figure 6) 
 
4.1 Timber Super-structure Concept  
The 6-level timber super-structure consisted of an 
approximately rectangular floor plate, braced by 

predominately plywood-lined walls in each direction. 
These walls are typically on the line between adjacent 
apartments and two of the boundary walls where they 
can run 6 levels through the super-structure without 
penetrations. In addition, there are some walls between 
studios, at approximately 4m centres, and the corridor, 
which are used as bracing walls. In the North-South 
direction, there are nine plywood-lined walls bracing the 

structure, in addition to one steel k-brace. In the East-
West direction there are 10 plywood-lined walls bracing 
the structure in addition to two steel k-braces. These k-
braces were used in order to maintain an even 

distribution of bracing elements across the floor plate, 
and to provide a high degree of torsional restraint to the 
structure. This required incorporating bracing into the 
perimeter face of the building which is pierced regularly 
by window openings. Plywood-lined walls would not be 
effective in such situations, where as the steel k-braces 
are. The k-brace lateral stiffness was set to 
approximately match that of a typical plywood lined wall. 

This entailed spacing the diagonal braces further apart 
than usual, to reduce the brace stiffness. This also 
allowed the braces to accommodate typical window 
openings.  
The floors for each level consist of 19-mm plywood fixed 
to proprietary timber I section joists, built up of 
mechanically graded timber chords glued to a plywood 
web, and provide superior engineering properties They 

are handled and fixed in the same way as sawn timber 
joists.  
 
4.2. Concrete Sub Structure  
The timber super-structure is connected to a suspended 
reinforced concrete slab and beam structure at level 1. 
This level is in turn supported by a series of reinforced 
concrete columns, and perimeter concrete basement 

walls. Because the lay out of columns in the bottom level 
is chosen to optimise car circulation and parking, the 
columns do not line up with the load bearing elements 
from the timber super-structure above. Accordingly the 
floor slab and beams are designed to resist the vertical 
loads arising from gravity and earthquake action. The 
slab also acts as a diaphragm and distributes the shear 
forces from the plywood-lined walls and k-braces into the 
perimeter concrete walls and some internal steel braces 

in the basement.  
 

 
Figure 6: Artists impression from the street (Banks 2004) 
 
4.3. Timber framing. 
All timber is MSG, grade F8, with 140 x 45 over the lower 
two levels and 90 x 45 over the upper 4 levels. Studs are 
designed to transfer the vertical loads from gravity down 
to the level 1 concrete deck and the plywood and nailing 

is designed to transfer the earthquake shear forces 
similarly. The Eden Oak apartment building used ex 
100x50 over all levels, but on a double stud basis, rather 
than single studs as provided here. 
 
4.4. Ply bracing  
Ply bracing walls vary in length from 4 – 8 metres long, 
with the majority being 6.5 metres, providing an aspect 

ratio of about 2.4. Plywood thickness over the lower 2 
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levels is 19-mm, reducing to 15-mm over the central two 
levels and 12-mm over the top 2 levels. The plywood is 
nailed to timber studs using bright steel nails-(not 
galvanised). Ductility of the wall is achieved by the bright 

steel nails bending (in response to lateral loading) when 
the load exceeds the design loading, hence achieving a 
displacement ductility factor of 4 as permitted in the New 
Zealand Timber Standard (NZS 3603:1993). Such 
ductility requires that other failure modes in the wall be 
contained, as the over-turning moment on the wall and 
the resulting tension and compression chord forces at 
the wall ends derived from the nail “over-strength” loads 

were too high. The resulting tension and compression 
chord forces exceed what timber members could 
comfortably resist. Consequently, steel posts were 
introduced to the ends of each wall, 125-mm square over 
the lower 2 levels and 89-mm square over the upper 4 
levels, all concealed within the wall thickness. To achieve 
integration of the structural system, the timber/ply shear 
walls were bolted to the steel posts and in turn both steel 

post and bottom plate bolted to the concrete diaphragm 
at the car park level. 
 
4.5. Floor wall junctions 
At these junctions horizontal loads must be transferred to 
the walls, and subsequently to the floors below, along 
with the vertical loads. The practice of supporting the 
floors directly on top of the top plate is not appropriate for 

buildings of this height, or for that matter any exceeding 
three floors. The use of balloon framing provides an 
improvement to the platform construction method. (Multi-
storey Timber Buildings Manual 2001) Two aspects are 
important here. In the day to day service condition the 
cumulative deformation of the timber across the grain 
due to loading or moisture change could see finishes 
damaged. In the event of earthquake attack the modulus 
of elasticity across the grain is far smaller than along the 

grain. Here the top and bottom plates are bolted to 
transfer wall shears, and the joists are suspended from a 
ribbon plate. The ply flooring is not continued through to 
the adjoining room. For sound reasons a saw cut in the 
floor separates the two areas. Where needed for the 
transfer of tension and shear forces, metal straps 
connect the two floors. In the Eden Oaks project there 
was no physical connection of this type, and the gap 

(larger than a saw cut) was filled with an acoustic seal. 
The detail (fig 7) shows the connection of walls and 
suspended floors at Martin Square 
 

 
Figure 7: Detail of wall/floor junction. (Ceiling is not 

shown.) 

 

5. SOUND; IMPACT AND AIR BORNE IN LIGHT 
TIMBER FRAMED (LTF) BUILDINGS 
 
All lightweight structures have issues with occupants 
hearing the neighbours. This problem is not limited to 
timber buildings as the drive to reduce weight and 
changes in construction methods have seen the same 

issues emerging in concrete and steel framed buildings. 
This lack of adequate acoustic isolation has emerged as 
a main source of occupant dissatisfaction in medium and 
high density housing. The problem is more acute in the 
timber buildings with their low mass and stiffness. 
 
5.1. 
The New Zealand Building Act, being performance based 

set out, via the regulations the minimum levels to be 
achieved. The section that is of concern is G 6. Currently 
it calls for a Sound Transmission Class (STC) of 55 db, 
and an Impact Isolation Class (IIC) of 55. Achieving the 
current STC levels is possible, particularly through walls 
but the situation with floors is far more complex, and 
more exposed to inconsistent trade practice. 
Recommended solutions have been published by 
Winstone Wall Boards, (Gib Inter-tenancy Noise Control 

Systems 1998) for both wall and floor assemblies and 
these have been adopted as meeting the standards set 
in the Building Act. However those standards are 
considered by occupants as being too low. The situation 
with IIC is far more difficult to resolve and an area that 
research is being undertaken, as the demand for 
solutions with sufficiently improved performance is urgent 
if we are to avert rejection of LTF construction in favour 

of masonry or steel frame. The initial goal is to determine 
what techniques/assemblies are required to render 
impact noise insignificant to building occupants.  
The single figure STC and IIC ratings bundle a range of 
frequencies. Sound attenuation in buildings in the upper 
frequencies ranges are well represented by this 
approach, the lower frequencies are not and this is the 
major problem area. This is particularly the situation with 

floors, be they covered with carpet, other resilient 
covering or non at all. 
At present we do not know what will be the acceptable 
low frequency waveforms in building structure, or the 
construction configurations that will achieve acceptable 
levels of neighbour noise. Research is being carried out 
around building responses to frequencies lower than 
those typically addressed in regulatory documents. This 

is coupled with subjective investigations to establish an 
acceptable level of impact noise involving users 
subjected to typical impact sounds on a range of floor 
constructions, while occupying a representative 
environment. New structures are being investigated both 
with full-scale testing rigs and companion theoretical 
modelling. This work will also explore the sound and 
structural implications of the introduction of viscoelastic 

materials into the construction as part of the approach to 
develop passive energy dissipation solutions. The 
Swedish SodraSemi floor system and the SodraSinus 
framing systems are being tested for comparison 
methods with New Zealand construction methods and 
costs. 
 
5.2.  
Site measurements of the Motel shown in figure 1 

returned an STC rating of 50 db between walls and 35 db 
through the floor to the unit below, and an IIC rating of 56. 
The construction method was the same as for the Eden 
Oaks building. Several motels, in addition to the motel 
shown in fig 1, were tested, all had been constructed to 
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the Winstone Wall Board specification and none met the 
measured laboratory performance. While the local 
authorities accept that field results will be lower than 
laboratory conditions, (by about 5db) the approach with 

the testing planned will be to replicate the field conditions 
as closely as possible. This would include investigations 
of the degree of stiffness imparted to the floor by the end 
fixing, -the wall to floor junction. 
 
5.3. Separation of units. 
The majority of multi unit, owner occupied, timber 
buildings presently being constructed in New Zealand 

are low rise, three storeys with garaging at ground level 
and the balance of the unit over the two floors above. 
This strategy avoids the problem of floor transmissions. 
Separation of the units with double walls achieves the 
currently acceptable STC rating required by the Building 
Act. However, where multi-units with different owners are 
stacked above one another the transmission through 
floors, in particular, becomes a major issue. Physical 

separation of the ceiling from the floor above is an aspect 
being considered. The time share building in Tauranga 
an example of this approach, is informative on several 
levels. This building has been constructed from first floor 
up in a factory in Auckland, and then transported to the 
site. A distance of over 200 Km. Factory production, 
much like the car industry has provided an environment 
where construction tolerances are held to a minimum, 

and the modules are completed to final coat finish. The 
pricing advantage comes from the reduction in holding 
costs. Being essentially boxes, the ceiling has no 
connection with the floor/unit above. Further, each unit is 
supported clear of the one below by rubber isolation 
pads. Coupled with double inter-tenancy walls, the 
isolation of one unit from the other is maximised and 
sound transmission minimised. 
 

CONCLUSIONS 
 
The evolution of timber buildings in New Zealand from 
the limited range of single owner domestic to three storey 
motel buildings and then on to multi storey apartment 
buildings housing permanent residents has been brought 
about by the application of well defined and proven 
engineering principles. Two of the more adventurous 
designs clearly show the opportunities that timber can 
exploit. The Gulf view tower apartment building was 

uncommon, being built on an existing concrete parking 

building. The Martin Square building is on the other hand 
potentially a more general solution to the issues of high 
rise timber buildings. The upper height limit has not been 
reached. This building, and the majority of the taller 

buildings provide for temporary accommodation, and 
consequently issues of sound transmission while being 
important can be tolerated over the short term.  
The bulk of multi unit housing is limited to a row housing 
scenario comprising of buildings of not more than three 
floors that only have side wall connection. This has 
avoided the issue of through floor sound transmission. 
The resolution of sound transmission particularly through 

floors is the most pressing if comfortable multi-storey 
buildings in timber for permanent occupation are to be 
successful. The research programme outlined above will 
be attempting to provide solutions. 
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In terms of energy saving strategies and proper use of skylight modules in architectural buildings in the 
tropical climate, this paper will give evidence of how appropriate use of skylight modules installed on 
buildings in the tropical zone compared to the ones in the subtropical climate. 
In the tropical humid climate, Indonesia has received huge amount of global direct and diffuse 
radiations on horizontal roofs throughout the year, approximately 575 watts per square meter of 
radiation will impact on flat roofs or skylights on a sunny day in Surabaya city. Moreover, the hot 

season is longer, from mid May to mid December, than the wet season. Most of the commercial and 
institution buildings are equipped with Western skylight styles in Surabaya without any modifications. 
The three-in-one skylight device is the system that will control daylight, shade direct solar heat 
radiation, and collect solar hot water at the same time. The concept of the three-in-one shading device 
has three goals: first of all, it is to shade horizontal or tiled skylight on roof providing shading devices. 
Secondly, the series of circular cube as shading device will bounce and scatter the direct sunlight into 
the space below enhancing daylight patterns. Finally, while shading and bouncing direct sunlight, those 
series of circular shading water pipes would also collect the solar heat radiation getting hot water. Each 

system works nicely to block, to scatter, and to obtain the solar heat radiation for energy saving in 
green architecture and clean environmental living zones. 
 
Conference theme: Building technology 
Keywords: skylight shading, energy saving 

 
 

1. INTRODUCTION 
 
Daylighting in commercial buildings is supposed to be 

another source of lighting, a passive lighting that has the 
potential to reduce significantly the energy consumption 
throughout the year. A well-established priority in 
designing skylight for tropical humid climate deal with 
both the needs of the Daylighting to support the building 
activities and the needs to minimize direct solar heat 
radiation for cooling loads that lead to the energy 
consumption as practically low as possible throughout 
the life of the buildings yearly. The earth gaining heat 

mostly comes from the sun, the direct sunlight beam that 
carries the infrared red, the ultra violet, and the visible 
lights. The infrared red and ultra violet waves become 
the solar heat radiation when striking on any surface 
under the sky. Based on Szokolay (1992), the amount of 
24% of the solar radiation reaches the ground level as 
direct beam radiation, 22% is diffuse radiation, and 23% 
is absorbed in the atmosphere. 

Indonesia with the tropical humid climate is situates at 
the latitude ranging from 6°8’ North to latitude 11°15’ 
South and the longitude ranging from 94°45’ East to 
141°5’ East. The hot humid climate is almost throughout 
the year (Mangunwijaya, 1987). The wet or rainy season 
is approximately from mid December to mid May. 
Meanwhile, the dry or hot humid season starts from mid 
May to mid December. The Surabaya city is located at 

the latitude 7°17’ to the South and at the longitude 
112°47’ to the East. And Surabaya experiences quite a 
high percentage of sunshine condition throughout the 
day and the year, even during the rainy season. 
Figure 1 shows the monthly average sunshine duration 
for the years of 1996 to 2002, the data have been taken 
from the Surabaya Bureau of Meteorology at three 

stations, such as Perak 1, Perak 2 (harbor location), and 
Juanda (airport location). During the dry season from 

May to October, the monthly average sunshine duration 
percentage is extraordinary high. The sunshine duration 
could range from above 80% to 95% throughout the days 
and months. Even during the rainy season from the 
month of November to the month of April, the average 
sunshine duration is still above 50%. These phenomena 
indicate that Surabaya city is obviously an excellent 
means to come up to passive daylighting all the time to 

either commercial, offices, institution buildings or 
dwellings for saving energies, reducing electric lights and 
applying solar photovoltaic powers during the working 
hours. Conversely, due to improper skylights installed in 
Indonesia, the cooling loads on most air conditioned 
buildings and dwellings will increase significantly. The 
higher the sunshine duration is, the greater the solar heat 
radiation impacts on horizontal or inclined outside 

surfaces. Surabaya with the 7°17’ latitude that is close to 
the equator will receive global direct and diffuse solar 
radiation from all directions every time which is greater 
on horizontal than inclined surfaces.  
 

 
Source: Surabaya in numbers 1996 to 2002 

Figure 1: The monthly average sunshine duration in 
Surabaya from year 1996 to 2002 
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Figure 2 shows the weekly average horizontal global 
solar radiation per hour on July. The solar radiation is 
792 W/m

2
 at 11.00 clock and, has an average of 521 

W/m
2 

per day (tested). According to Yuniwati (2004), the 

yearly horizontal global solar radiation predicted with the 
data of Surabaya sunshine duration and energy software 
in figure 3 has shown radiation above 500 W/m

2
 all 

around the year. With respect to figure 2 and figure 3, it 
is obvious that horizontal global solar radiation either for 
hot or rainy season is around 500 W/m

2
. Therefore, 

many buildings and dwellings which install horizontal or 
inclined skylights will experience huge amount of solar 

heat radiation throughout the days and years.  
 

 
Figure 2: The tested weekly average horizontal direct 

and diffuse radiation per hour in July (W/m
2
) 

 

 
Source : Yuniwati 2004 

Figure 3: The calculated monthly average horizontal 
direct and diffuse radiation (W/m

2
) 

 

2. THE PROBLEMS 
 

A lot of post-modern architecture buildings and dwellings 
built now are less designed to respond to the tropical hot 
humid climate principles and design guidelines in 
Indonesia especially in Surabaya. Firstly, due to high 
technologies in various building materials available now, 
most of the designers and architects have more 
tendency to use these high technology building materials 
such as glazing—reflective, one way, low-emissivity, and 

polycarbonate—Lexan, solartuff, twinlite, verolite to cover 
either vertical or horizontal fenestrations than providing 
conventional shading devices. Secondly, most of the 
Indonesian people are more likely to have imported 
building styles or post-modern dwellings. Ironically, some 
of Indonesian Architects are just acting as a importer to 
take European or Latin American skylight and atrium 
styles without considering the climatic differences. Very 

few buildings are now equipped with external vertical and 
horizontal sun shading louvers on vertical windows in 
Indonesia. And none of the buildings or dwellings which 

utilize skylights for getting natural daylighting is equipped 
with external shading devices or louvers over the top of 
the skylights. Figure 4 gives an illustration about the rule 
of thumb or guidance of shading strategies on vertical 

windows when designers or architects design a building 
and dwelling for obtaining natural lighting, cross 
ventilation, and views in tropical hot humid regions. 
Shading louvers or overhangs in tropical hot climate 
always suggest to be applied to horizontal or slope 
skylights. 
 

 
Source : Tips for Daylighting with Windows 2003 

Figure 4: Typical vertical casement shading strategies 

for tropical hot climate 
 

Other facts are that all air conditioned shopping malls 
which are equipped with skylights have been designed 
without energy saving strategies. First of all, all skylights 
are installed without any shading device. Solar radiation 
passing through the skylight covers will increase the 
cooling loads. Secondly, there are no mounting photo-

sensors device next to the skylights to decrease the 
needs of electric lights. Figure 5 gives several 
illustrations of skylighting atriums at shopping malls and 
institutions that have been covered with large clear white 
polycarbonate sheets. According to the Development of 
Electricity and Energy Research Teams (1983-1988) in 
Indonesia, the greatest energy consumption in 
commercial and office buildings is exhausted on cooling 

systems—55% to 65%, and 12% to 17% is lighting 
systems, then 10% to 15% is used for lifts and 
escalators, lastly 9% to 13% is used for other service 
utilities. So, we, as architects or engineers, have the 
responsibility not to burden the buildings with extra 
cooling loads from global solar radiation through the 
skylights. 
 

 
Figure 5: Atrium skylights at shopping malls (left 3 

figures) and institution (far right) 
 

The 3 in 1 skylight shading device could save significant 
energy in terms of cooling loads and in getting hot water 
in air conditioning skylight buildings. The outcome could 
provide considerations to designers in designing skylight 
buildings which have to be related to different climate 
region strategies. 

 

3. METHODOLOGY 
 
3.1. Scope of the research 
The research will mostly be done experimentally as well 
as analytically, and is an overview of the skylighting 
systems that are intended not only for energy saving with 
daylighting but also for designers or architects who 
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consider designing skylights mainly on commercial 
buildings as well as dwellings. Due to the phenomena of 
many adoptions or imported skylights in buildings over 
the decade in Indonesia, this research will emphasize on 

the three-in-one skylight shading device style for tropical 
hot humid skylight that may lead to the use of less 
energy for cooling the interior spaces. In order to avoid 
increasing of cooling loads caused by the direct sunlight 
and reflecting the daylight deeply on skylights, 
horizontally reflected louvers are needed to shade the 
direct sunlight and to scatter the daylight evenly onto the 
interior spaces. 

The research will seek out: 
• The energy savings by providing horizontal shading 
louvers over the skylight, expressed in W/m

2
. 

• The illumination of skylight with horizontal shading 
louvers in the interior space, expressed in lux. 
• The temperature of hot water reached in the series of 
circle shading pipes, expressed in °C. 

 

3.2. The materials of the research 
3.2.1. The model 
A model is used for testing the room brightness and 
global radiation to which the direct sun beams are 
impacted directly to the skylight. The model will have a 
scale of 1:8 to full size of 4.00 meters long, 4.00 meters 
wide, and 4.00 meters high (0.5m x 0.5m x 0.5m). The 
total area is 0.25m

2
, and the total volume is 0.125m

3
. 

The dimensions are assumed as one of the single-story 
atrium shopping mall, or void space in family room at 
typical houses. The skylight is 0.16 meter wide and 0.16 
meter long in 1:8 scale. And the total horizontal skylight 
area is 0.0256 m

2
 which is approximately 10% to the 

total roof area of 0.25 m
2
. The walls will be painted white 

with reflectance factor of around 75%; the ceiling is white 
too with reflectance factor of 75%. The floor is plywood 
style with reflectance factor of 15%. 

 
3.2.2. The skylight materials: 
The first skylight material to be tested is polycarbonate 
sheet which is the most commonly used in buildings and 
dwellings in Surabaya for canopies and skylights—6mm 
Lexan Thermo Clear from General Electric, with bronze 
color which has 35% of light transmission (LT). The 
second type of skylight material is widely applied for 

curtain glazing and windows as well as skylights in high-
rise buildings, apartments and shopping malls. The glass 
is 6 mm of “Stopsol” super silver blue reflective glass 
with technical characteristics on top coating as follows: 
light reflection (LR) 30%, light transmission (LT) 56%, 
energy reflection (ER) 22%, direct energy transmission 
(DET) 42%, energy absorption (EA) 36%, solar factor 
(SF) 51%, ultraviolet transmission (UV) 19%, and last 

shading coefficient (SC) 0.59. 
 
3.2.3. The reflected shading louvers: 
Figure 6 and figure 7 give you an idea about the three-in-
one shading device system that is made up of stainless 
steel. It is the common lightweight steel frame canopy 
and skylight used widely in the buildings. Upper stainless 
steel shading device consists of series of circle pipes 

which have a diameter of 125 mm for each. The 
predominant functions of that circle pipes are as hot 
water collector and as shading device to block and to 
absorb the direct solar heat radiation. Those stainless 
steel pipes will be filled with water, and will release the 
hot water to hot water storage tanks until it reaches 
certain Celsius degrees for households and commercial 
building services used as hot water systems. 
The vertical reflective stainless steel plate under the 

circle pipes conducts the reflected solar heat to the 
circular pipes as the heat conductor. Moreover, the ! 
highly reflective stainless steel circles right after the 
vertical plates have the purpose to concentrate all direct 

sun beams to water circle pipes as heat concentrators. 
At last, a series of tilted 45 degrees highly reflective 
stainless steel louvers are chosen due to their high 
reflectance factor to reflect the incoming direct sunlight 
as light reflectors. The size is 3.2 cm wide and 16 cm 
long. The three-in-one shading device module is oriented 
to Northern side in order to have fully concentrated solar 
heat to water pipes all the time (from sunrise to sunset). 

 

 
Figure 6: The three-in-one shading louvers and 

measurement tools 

 
Figure 7: The scheme of the 3-in-1 shading device in 

radiation, hot water, and illumination  
 

3.2.4. The measurement tools 
The equipment used to measure the solar heat radiation 

is two units of Silicon Pyranometer Smart Sensor from 
“HOBO” Weather Station Logger with the specification of 
the measurement ranging from 0 to 1280 W/ m

2
. Another 

tool for measuring illumination is The HOBO H8 Light 
Intensity Sensor Logger with the specification of the 
measurement ranging from 20 to 6000 lux or 2 to 600 
footcandles. In order to read all the tested data from 
HOBO equipment, BoxCar Pro4 software is needed (see 

figure 6). 
 

3.3. Procedures 
The skylight model was tested from 7 am to 4 pm in a 
day, with the intention to search out how much heat 
radiation will radiate through the skylight that is covered 
with bronze Lexan polycarbonate and reflective glass of 
STOPSOL affecting on the indoor cooling loads and 
illumination levels with the unshaded skylight and shaded 
skylight. Besides the radiation and indoor illumination 

levels, the hot water temperatures will be obtained by 
direct sun beam on the three-in-one shading device. 
The model will be tested with polycarbonate skylight and 
reflective glass. All of them will obtain three targets: 
a. Solar heat radiation impact and saving —W/m

2
 

b. Hot water temperature reached—°C. 
c. Indoor Illumination levels—in Lux. 
 

4. THE MEASURED RESULTS 
 

4.1. Global radiation consequences through 
skylights 
The horizontal uncovered and covered skylights will 
receive the same amount of direct global radiation from 
the sun every second, minute, day, and year. Table 1 
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illustrates the global direct and diffuse radiation impacts 
on polycarbonate and reflective glass “STOPSOL” with 
and without shading louvers in September. The solar 
radiation passing through bronze polycarbonate skylight 

without shading louvers is surprisingly high. The highest 
radiation value is 396 W/m

2
 and occurrs at 11 am. The 

performance of reflective glass of STOPSOL in filtering 
solar radiation is better than polycarbonate sheet. The 
highest radiation value is 328 W/m

2 
also at 11 am.

 

By applying the 3 in 1 shading louvers on top of bronze 
polycarbonate, the occurring solar radiation is amazingly 
cut off to nearly 880%. And about 1130% of solar 

radiation diminishes by using the 3 in 1 shading device 
on reflective glass STOPSOL skylight. 
 
Table 1: Solar radiation on polycarbonate and reflective 

glass in September 

Time 
  

Outside 
radiation 
(W/m2) 

Polycarbonate 
skylight 
without 
shading 
(W/m2) 

Polycarbonate 
skylight 

with shading 

(W/m2) 

Reflective 
glass 

skylight 
without 
shading 
(W/m2) 

Reflective 
glass 

skylight 
with shading 

(W/m2) 

7 327 70 9 87 23 
8 524 164 24 150 29 
9 723 266 23 254 15 
10 839 374 24 303 18 

11 865 396 26 328 29 
noon 848 385 45 324 23 
13 750 339 26 285 16 
14 593 233 17 222 14 
15 390 127 12 146 10 
16 176 39 9 63 8 

Ave. 514 204 18 183 17 

 
4.2. The illuminance performances 
Both obtaining as low as possible the solar radiation 
passing through interior space below from horizontal 
skylight and maintaining as high as possible the 
illumination levels after putting external shading louvers 
are the main purpose for this research. 

It is fascinating to find out that skylight cover material of 
reflective glass STOPSOL will have about one and a half 
times illuminance values at desk level than bronze 
polycarbonate skylight with shading louvers. According to 
IESNA (1993) the recommended illumination design 
values for low activity retails and lounge are between 200 
lux to 300 lux. 
The left portion of the figure 8 shows the illumination 

values for both polycarbonate and reflective glass 
without shading device. It seems that all illumination 
values fulfill the recommended design values starting 
from 7 am to 4 pm (650 lux to 480 lux), even the test 
room model will experience saturated daylight levels for 
several hours. A room is supposed to be saturated with 
daylight when the illuminance levels from daylight meet 
or surpass the illuminance design target for that space. 

The purpose of these phenomena is to reduce the need 
of the electric lighting. Speaking of reducing electric 
lighting requirements, the point of daylight saturation 
represents the point when maximum electric lighting 
savings occur, such as the unnecessary lights are 
dimmed to their lowest level or turned off (If there is an 
automatic photosensor installed). Additional daylight will 
not result in additional electric lighting savings. However, 
one benefit of skylighting is that there are many hours 

during the year when available daylight illuminance 
exceeds the minimum required illuminance levels. 
On the right-side of the figure 8, applying the 3 in 1 

shading device and higher percentage of light 
transmission factor of reflective glass STOPSOL skylight, 
has demonstrated several advantages of illumination 
levels compared to polycarbonate skylight such as: 

a. Considerably increasing illumination levels. 
b. Perfectly diffuse and scatter the direct sun beam onto 

interior space below, so it produces general lighting 
besides task lighting. 

 

 
Figure 8: The illuminance levels on polycarbonate and 

reflective glass [lux] (with shading on the right) 
 

4.3. The hot water outcomes 
Figure 9 shows the results of the hot water temperature 
with the three-in-one circular stainless steel pipes 
conjunction with the shading purposes. Fortunately, it 

could get the highest average hot water temperature of 
41.6 C°. According to Benjamin Stein (1986), a flat-plate 
solar collector can usually deliver 72 C° hot water under 
hot summer condition. Another test for obtaining hot 
water temperature strategy is conducted on a terrace 
area covered with a canopy, the highest hot water 
temperature could reach 45.6 C°. This phenomenon 
could be caused by less windy situation on the terrace 
compared to breezy situation on the roof-top skylight. 

The breeze has an effect on cooling down slightly the 
series of warm circular stainless steel pipes on skylights.  
We have to find out another way to protect the warm 
water temperature loss by wind conduction at the 3 in 1 
circular stainless steel pipes shading device. 
 

 
Figure 9: Average hot water temperature in the 3-in-1 

stainless steel shading device per day 
 

4.4. The energy savings 
From the discussions on section six above, it is definitely 
clear that all the three systems in one shading device 
could work nicely to save energies. Each system has the 

strong and less strong sides to work together optimally 
for reducing the needs of extra energies—cooling loads, 
lighting loads, and heating loads on hot water. Assuming 
the gross skylight-to-floor ratio (SFR) is 10% at a small 
shopping mall with a gross area of 1,000 m

2
. So, the 

skylight area would only be 100 m
2
 (typical small skylight 

area). The average radiation on polycarbonate skylight 
without applying the 3 in 1 shading device is 204 W/m

2
, 

and with putting on the 3 in 1 shading device is only 18 
W/m

2
. By taking the conversion factor from W/m

2
 to 

Btu/h, the average radiations are then multiplied by 
3.412. The figure 10 shows the average energy savings 
in September between unshading and shading bronze 
polycarbonate skylights. An energy saving of 63,450 Btu 
per hour is obtained by applying the 3 in 1 shading 
device. Supposed the skylight gains about 10 hours of 

solar radiation per day (7 am to 5 pm), then the total 
energy saving in terms of cooling loads will be 634,500 
Btu per day (635 ton Btu per day). Table 2 displays the 
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possibility of the cooling loads energy saved starting from 
the SFR 1% to the SFR 10% 
Another energy saving is 8 hours of electric lighting 
saving that achieves the range of 200 to 300 lux, and has 

an average of 250 lux if it uses reflective glass skylight. 
Nevertheless, it could only save 3 hours of electric 
lighting energy if it uses bronze polycarbonate skylight 
cover. Saving energy with the three-in-one skylight 
shading to obtain hot water is by far to 41.6 C° of warm-
water which is needed for utilization in commercial 
buildings and dwellings. 
 

 
Figure 10: Energy savings with SFR 10% by the 3-in-1 

shading device in September (Btu/h) 

 
Table 2: Energy saved in cooling loads with the SFR 

starting from 1% to 10% 

  SFR 1% SFR 2% SFR 4% SFR 6% SFR 8% 
SFR 
10% 

Energy Saved (Btu/h) 6,345 12,692 25,385 38,078 50,771 63,450 

Energy Saved (ton Btu) 63 127 254 381 508 635 

 

CONCLUSION 
 
By providing horizontal and vertical shading devices that 
have long been used for vertical windows to cut off 
significantly the solar heat radiation impacted on 
fenestrations, the 3 in 1 shading device on skylight 
demonstrates not only significantly reducing the room 
skylight radiation and scattering the direct sun beam as 

diffuse daylight but also silently obtaining warm-water. 
So, why don’t architects consider skylight shading 
devices in all atrium skylight buildings and dwellings in 
any regions in Indonesia? 
We would also like to emphasize some considerations 
when designing skylights in the tropical hot humid 
regions in Indonesia or any tropical humid countries, as 
follows:  

a. Any horizontal or inclined skylights installed on air 
conditioned buildings have to be equipped with horizontal 
shading louvers over the top of its skylight material to 
diminish the high solar radiation impact. 
b. For skylights which have already been equipped with 
shading louvers, we may simply put on clear 
polycarbonate (light transmittance of 82%) or simple 

clear glass (don’t have to use costly reflective glass) 
without any significant radiation impacting onto the space 
below.  
c. By using simple clear glass or clear polycarbonate, it 

will not only save building capital costs on large skylight 
parts but also increase room daylight levels considerably. 
d. Emphasizing a tropical oriented building with 
horizontal and vertical shading louvers and local climate 
responding scheme buildings. 
e. Providing clean environmental living zones by 
installing proper passive energy strategies (daylight, 
solar hot water, photovoltaic) and energy savings that 

lead to green architecture. 
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ABSTRACT: Traditional construction in New Zealand lacks thermal mass. This is a major barrier to the 
efficient use of solar thermal energy in such buildings. To overcome this problem a window system has 
been designed that incorporates thermal mass in the form of a Phase Change Material (PCM) inside 
hollow section aluminium window surrounds within the window head, sill and reveals. Excess daily 
solar heat gains are stored and can be made available later in the day as space heating becomes a 
requirement. The thermal development within the PCM is investigated experimentally for different 

window configurations using a solar simulator. The diurnal performance of the complete PCM window 
system is measured experimentally using a pair of matched test cells and is compared to that of a 
typical window system. Using a validated general-purpose thermal analysis program for residential 
buildings and realistic climatic data the effect of the PCM window system is predicted for daily and 
yearly time periods for Wellington New Zealand. Diurnal simulation results are compared with the 
measured results. For a standard New Zealand House insulated to current Building Code levels and 
heating to 19ºC, the system as designed has the potential to store and make available up to 903 MJ of 
useful energy per annum. 

 
Conference Theme: Building technology 
Keywords: Window system, thermal storage, phase change material. 

 
 

1. INTRODUCTION 
 
Solar radiation is incident on the earth’s surface at a rate 
of approximately 1.5x10

18
 kWh/year (Andreev et al. 

1997), more than 15,000 times the total world energy 

consumption from fossil and nuclear fuels (Sakkas 2000) 
and thus represents a huge resource. Amongst its many 
uses solar energy can be used to generate electricity 
using photovoltaic panels, heat water using solar water 
heaters, or be used directly for space heating. The 
inherent heating effect of solar radiation allows it to be 
utilised readily in buildings. Direct gain windows are the 
most common devices whereby buildings are able to 
collect this freely available energy with daylighting and 

passive solar heating being the result. Buildings that are 
designed to collect and utilize solar energy without 
recourse to mechanical means are called passive solar 
buildings. 
A problem exists with passive solar energy collection, in 
that the collection period is often out of phase with the 
period when heating is most needed. This is known as 
the diurnal solar-to-load asynchrony. Thus, for passive 

solar buildings to maximise the solar contribution some 
form of storage must be employed to ensure that this 
energy is available when required (Norton 1992). Studies 
have shown that thermal mass short-term storage has a 
positive influence on the proportion of direct window 
solar gain that can be used to offset heat losses and thus 
reduce auxiliary demand (Donn and Dechapunya 1983; 
Balcomb et al. 1984; Balcomb and Wray 1988; Lee et al. 

1991; Isaacs and Donn 1994; Isaacs et al. 1996). Short-
term thermal storage addresses the diurnal solar-to-load 
asynchrony by storing solar gains made during the 
insolation period and making it available at night and to a 
lesser extent to reduce preheating of the building the 
following morning (Norton 1992). 

For thermally massive buildings such as buildings with 
exposed masonry surfaces internally, thermal storage 
may not be a problem, but for thermally lightweight 
(storage deficient) buildings such as many of the existing 

timber frame buildings in New Zealand, a problem exists. 
The common practice of having thermally massive floors 
in heavyweight or lightweight construction has a major 
drawback in that they are often isolated from direct 
insolation by being carpeted. In addition to this, carpets 
effectively insulate the concrete, serving to decouple the 
thermal mass from the room air which leads to a 
reduction in performance of the thermal storage of 

around 50% (Niles and Haggard 1980; Givoni 1991). 
Furthermore, in dwellings curtains and blinds are often 
used as an aid to providing comfort conditions in that 
they provide shade from direct beam radiation and 
protection interior fittings and furnishings from ultraviolet 
radiation (UV) degradation. In many instances the use of 
blinds leads to greatly increased air temperatures 
adjacent to the window and then ventilation is used to 

dump the excess heat. Thus while shading and 
ventilation may control daytime overheating, these 
strategies can actually increase auxiliary heat 
requirements due to the fact that heat is being dumped 
that might otherwise be stored and used (Jones 1992). 
 

2. DESIGN CONCEPT 
 
Given that internal shading devices can increase air 
temperatures adjacent to the window, and that thermal 

mass has the capacity to store excess heat, if the mass 
were to be applied to the internal window reveals, head 
and sill where it will always be in the direct gain zone it 
may be possible to use this stored heat to offset auxiliary 
heating. To be successful it would be vital to resist the 
flow of heat from the thermal store back out through the 
window to ambient conditions. 
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In its simplest form the design concept is to place a 
thermally massive material such as concrete immediately 
adjacent to the internal window reveals head and sill of 
an insulated glazing unit where the thermal mass will be 

in direct sunlight and will thus be able to store excess 
heat, even if a blind is used to cut out direct beam 
radiation. The concept is somewhat akin to that of a 
Trombe Wall except in this case the glazed area also 
serves as a direct gain window. The initial concept is 
illustrated in Figure 1. 

 
Source: (Author 2004) 

Figure 1: Schematic of Design Concept Showing 
Thermal Mass Applied to Window reveals 

 

3. PROOF OF CONCEPT TESTING 
 

In order to test the proposed solar collector and thermal 
energy storage (SCATES) window system at full scale 
and under real climate conditions it was decided to carry 
out side-by-side comparison tests with controlled internal 
conditions. To do this two matched test cells were 
constructed and located side-by-side at the Building 
Research Association of New Zealand (BRANZ) site at 
Judgeford, Porirua. The test cells were placed on a large 
flat concrete area in the south paddock testing area that 

afforded good solar access. The test cells are illustrated 
in Fig. 2. Parameters such as heat-loss, aperture size, tilt 
and orientation were carefully considered so that they 
would be equivalent in each test cell. In practice this was 
achieved by very careful construction particularly in 
relation to sealing the air barriers and ensuring all 
cavities had the required level of insulation properly 
inserted. Blower door tests were used to balance air 

infiltration rates. 
 

 
Source: (Author 2004) 

Figure 2: Matched Test Cells Used for Side-by-Side 
Comparison Testing. 

 
The initial sketch design (Figure 1) proposed concrete of 
300 mm square section surrounding the window. In 

practical terms however, the self-weight of concrete 
dictates smaller sections than 300mm square. In order to 
manhandle the concrete into position the concrete was 

cast in sections of 100mm wide x 300mm deep. This 
also had the affect of increasing the surface area of the 
concrete and optimizing the thickness for diurnal heat 
storage (Balcomb et al. 1984; Balcomb and Wray 1988). 

The head and sill sections measured 1600mm in length 
while the jamb sections measured 1000mm in length. 
Holes were cast into each section to facilitate fixing 
together. The concrete sections are illustrated in Figure 3 
 

 
Source: (Author 2004) 

Figure 3: Concrete Internal Window Surrounds. 
 
Type T thermocouples linked to an Agilent 34970A Data 
Acquisition/Switch Unit (data logger) were used to 
measure temperatures over a one-year period. Black-
globe temperatures were measured in the centre of each 
test cell to give an approximation of comfort conditions. 
Shielded air temperatures were measured at three 

vertical positions. The location of the thermocouples is 
shown in Figure 4. 

 
Source: (Author 2004) 

Figure 4: Location of Thermocouples in Experiment Test 
Cell. 

 
To monitor the relevant ambient environmental 
conditions (solar radiation, wind speed and direction, 

ambient temperature, relative humidity, and rainfall), 
measurements were taken and recorded using a ‘Skye 
Minimet’ Weather Station. The data sample rate and 
recording rate were set to match the data being recorded 
within the test cells.
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Source: (Author 2004) 

Figure 5: Globe Temperatures in Centre of Test Cells for One-Week Period 
 

Figure 5 shows a comparison of the free running (no 
heating) globe temperatures in the two test cells for a 
one-week period in September 2001. Throughout the 
year the Experiment Test Cell with the concrete window 

surrounds maintained more even temperatures 
compared with the Control Test Cell. This indicates that 
the SCATES window system is absorbing solar thermal 
energy during the day and releasing it later in the day. 
To reduce the time frame for the project, the computer 
simulation program SUNREL was used to predict yearly 
energy use for the preliminary design. The results 
illustrated in Figure 6 indicate that the proof of concept 

SCATES window is capable of storing and making 
available approximately 250 kWh/yr (900 MJ/yr). 
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Source: (Author 2004) 

Figure 6: Comparison of Predicted Yearly Energy Use 
 

Major difficulties with the system however fall into two 
categories; weight related issues and lack of control of 
charging and discharging of heat. Weight related issues 
include difficulty with lifting the concrete into place, 
difficulty in securing the concrete, and, additional 
structure is required to support the total weight of the 
concrete for both static loading (self weight) and dynamic 
loading (seismic movement). Lack of control of when the 
concrete begins to absorb useful heat is a drawback in 

situations such as winter where the concrete absorbs 
heat that might otherwise be used for useful space 
heating. To overcome these difficulties an alternative 
form of thermal storage was sought. 
 

4. ALTERNATIVES TO CONCRETE 
 
A review of the open literature indicated that Phase 
Change Materials (PCM’s) were light weight, had 15-20 
times the thermal capacity by weight, had been used for 
building solar energy storage applications, and had been 

widely investigated both experimentally and analytically. 
Containment methods for the PCM range from macro-
encapsulation where the PCM is used as a mass storage 
unit, through direct incorporation into building materials 
at time of mixing or by immersing the building material in 
liquid PCM to micro-encapsulation where the PCM is 
bound or encapsulated in small particles that can then be 
incorporated in normal building materials. Hawes et al. 

(1993) investigated the characteristics of different types 
of PCM incorporated in wallboards and in concrete 
blocks. Manufacturing techniques were considered and 
applications of PCM wallboard and PCM concrete blocks 
were discussed. The melt temperatures for the PCM’s 
were chosen to be within the human comfort range 16 - 
25° C. One major drawback discovered was the leaching 
of PCM from the surface when not fully encapsulated. 

Scalat et al. (1996) found that it was desirable to have a 
thermal storage system that was capable of being fully 
charged over a period of 7 hours and have the capacity 
to discharge heat over a period of not less than 16 hours. 
Kissock et al. (1998) performed experimental and 
simulation studies on PCM wallboard using a PCM with a 
melt temperature range of between 23.9ºC and 32.2 ºC. 
They identified limitations with regard to the usefulness 

of storing energy at these temperatures with respect to 
the normal operating temperatures of buildings. They 
also concluded that to take full advantage of the PCM’s 
latent heat storage the melting temperature should 
ideally be within the maximum allowable indoor 
temperature swing. 
Initial experiments for the thermal window system that 
utilised a PCM produced a concrete that incorporated a 

paraffin wax PCM in a bound matrix of diatomaceous 
earth in an effort not only to reduce the weight of 
concrete, but also to improve the thermal capacity. 
(Because PCMs change from a solid to a liquid state, 
they must be contained, if they are to be used in 
buildings) Experiments were carried out with various 
mixes of PCM impregnated diatomaceous earth, and 
although the weight was reduced by 20% and the 
thermal capacity appeared to be enhanced (Joubert and 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

35 

Skates 2001), the strength of the concrete was seriously 
compromised (Corner, 2002). Since weight was an 
important consideration for the window system the use of 
PCM on its own in a lightweight container had obvious 

attractions. 
 

5. DESIGN DEVELOPMENT 
 
Containers for PCMs must take account of thermal and 
structural system requirements. Thermally the containers 
must be optimised both in shape and size to 
accommodate heat transfer, the required storage 
capacity and the change in volume. Structurally they 
must be able to withstand repeated temperature 

excursions and withstand pressure from both static and 
dynamic loads and remain leak-proof throughout their 
expected life. Abhat (1981) reports a study of 
compatibility of various PCMs with containment 
materials. Organic PCMs were found to be compatible 
with Aluminium and copper. Zivkovic and Fujii (2001) 
found that PCM in containers of greater than 50mm in 
diameter had reduced ability to discharge heat due to the 

insulating effect of the solid PCM against the sides of the 
container. Furthermore, they found that rectangular 
containers of PCM required almost half the melt time 
compared to cylindrical containers of the same volume. 
The use of rectangular containers enables modular 
construction of storage units that are suited to orthogonal 
building construction and are economic to mass-
produce. 

A revised window arrangement was constructed that 
utilised a paraffin wax organic PCM called “Rubitherm™ 
RT20” contained within a number of 50mm x 50 mm x 
1.6mm square hollow section aluminium frames that 
surround the window opening internally. The PCM 
containers were painted black to promote heat exchange 
during both charging and discharging of the system. The 
container frames in discharge mode are illustrated in 

Figure 7.  
 

 
Source: (Author 2004) 

Figure 7: Black Painted Aluminium Frames Containing 
PCM (Discharge Mode) 

 
The frames were attached to a mechanism that allowed 
each frame to be brought together to form a contiguous 

thermal storage mass with a continuous heat exchange 
surface facing into the system. The frames could be 
separated by an air gap of up to 10mm to provide a 
means of transferring the stored heat to the room air. 
Heat was supplied using a solar simulator with a similar 
spectral distribution to sunlight AM2. The total amount of 
PCM was based on obtaining total melt of the PCM 
within the system for the equivalent energy delivered by 
average New Zealand spring/autumn insolation. Results 

showed that while total melt took place and the system 
charged within 4-5 hours, the discharge period took more 
than 24 hours. The solidifying PCM on the inside surface 
of the aluminium frames appeared to be insulating the 

PCM at the core of the frame containers. One other 
drawback with using 50 x 50 mm frames with 10 mm 
gaps between the frames was the overall depth between 
glazings of 490 mm. 
 

 
Source: (Author 2004) 

Figure 8: Experimental Set-up Showing Solar Simulator 

(Charging Mode) 

 
6. FINAL DESIGN 
 
To overcome the long discharge period, the PCM 
container frame sections were changed to rectangular 
sections 100 mm x 25 mm x 2.5mm in size. The window 

system enclosure was fabricated from sheet aluminium 
to promote heat exchange with the room air. The frames 
and enclosure are illustrated in Figure 9. 

 
Source: (Author 2004) 

Figure 9: Final Window Configuration Showing Internal 
Opening Glazing 

 

The black painted surface treatment of the aluminium 
inside the window system not only promotes heat gain 
within the window, but also promotes heat exchange 
between the frames and the room air. Control over the 
charging and discharging is achieved by an internal 
glazing that provides a complete air barrier to prevent 
loss of heat to the room from the thermal window 
system. Furthermore, a flap on the upper surface of the 

window enclosure promotes charging when closed, and 
discharging when open. The flap is shown in Figure 10. 
A low e coating on the inside face of the outer pane of 
the inner double glazed unit prevents the loss of radiant 
heat from the thermal window system to ambient. 
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Source: (Author 2004) 

Figure 10: Final Window Configuration Showing Flap 
Used to Control Charging and Discharging 

 
The final window design was tested using the solar 
simulator as shown in Fig. 11. Charging time was 
between 4-5 hours and discharging time was 16 – 18 
hours. This allows the window system to fully charge and 
discharge in one typical diurnal cycle, thus promoting 

maximum heat storage. 
 

 
Source: (Author 2004) 

Figure 11: Final Window Configuration Showing Flap 
Used to Control Charging and Discharging 

 
The final SCATES window system was installed in the 
experimental test cell and a typical single glazed window 
in the control test cell. The SCATES window is shown in 
Fig. 12. The test cells were monitored for a period of 1 
month with the test cells free running. The SCATES 

window system weighing 80 kg, exhibited a similar level 
of control over temperatures as the concrete window 
system weighing 1100 kg. Subsequent tests with both 
test cells heated to 19°C over a two-month period, 

resulted in the experimental test cell using 28% less 
energy than the control test cell. Simulation results 

indicate a 30% saving per annum. 
 

 
Source: (Author 2004) 

Figure 12: Final Window Installation in Test Cell 

7. OTHER EFFECTS 
 
The SCATES window system impacts on the visual 
appearance of a building internally and / or externally, 
depending on wall thickness and window projection 

direction. Compared with a traditional single glazed 
window, for a given glazed area daylighting is reduced 
as is glare and transmission of UV, but for a given heat 
loss the SCATES window system provides 
approximately 100% more daylight. Cost savings occur 
with regard to reduced UV degradation of internal 
furnishings but if blinds are used then the savings 
compared to a traditional single glazed window with 
blinds are negligible. For a given area the use of blinds 

with the thermal window system has a reduced effect on 
solar/air heat transfer than with a traditional single glazed 
window since a percentage of transmitted energy is 
absorbed by the thermal store. For a 1m

2
 area noise 

transmission is reduced by the thermal window system 
by approximately 10 dBA compared to a traditional single 
glazed window. The thickening of the window reveal 
produces a phenomenological effect such that the 

conscious may experience perceived thickness to the 
walls of the external envelop of the building. The 
SCATES window system has a higher initial/capital cost 
and a higher embodied energy (environmental cost) 
compared to that of a traditional single glazed window. In 
addition, the SCATES window system has higher 
maintenance costs than a traditional single glazed 
window. 

 

8. CONCLUSION 
 
A window system has been designed specifically for 
lightweight construction that collects and stores useful 
solar energy in the form of sensible and latent heat that 
can be used to offset auxiliary heating. To achieve this, 
the design of the window frame and glazing units has 
been optimised to retain heat within the system. The 
window utilizes a paraffin wax PCM in rectangular hollow 

section containers that surround the air gap between the 
glazing units within the window. The PCM melt 
temperature of 20°C has been optimised for helping 

control thermal comfort conditions. 
An insulated glazing unit on the outside surface and a 
single pane of glass on the interior surface are used to 

help control heat loss from the system to the outside air 
and to the room air respectively. A mechanical opening / 
closing device at the top of the window system facilitates 
thermal discharging / charging. The window as designed 
is capable of storing 903 MJ of heat per annum that can 
be used to offset auxiliary energy use. 
The window has been experimentally tested under 
simulated conditions and under real conditions. The 

window has also been numerically modelled by computer 
simulation. There is good agreement between the 
empirical and simulated measurements. 
Compared to a typical New Zealand window the 
SCATES Window System has the potential to contribute 
approximately 25% of the energy required to maintain an 
internal temperature of 19°C. 
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ABSTRACT: Comparatively, the energy used for the internal space thermal control (internal space 
heating and cooling) is more closely related to the hotel building itself.  This initial study explores the 
relationships between the building design and the energy used for indoor space heating and cooling in 
Auckland large hotels.  To avoid the influences of different climates, urban density, surrounding 
building and facilities of hotels, this study is based on the energy consumption data and building design 
data of a number of 4-5 star large hotels (more than 100 guest rooms) with central air-conditioning 

systems in the Auckland CBD.  The mean energy used for indoor space heating and cooling is 
calculated in both kW/m

3
/night and kW/room/night.   

 
Conference theme: Architecture and the Environment 
Keywords: thermal control, hotel design, heating and cooling energy, air-conditioning  

 
 

INTRODUCTION 
 
Studies both in New Zealand and internationally have 

suggested that the best place to consider building energy 
efficiency is during design of the building, not once the 
building has been completed and is in operation.  Large 
hotels are the big energy users, and are thus likely to 
gain the greatest benefits from improved energy 
efficiency (Isaacs 1996).  There are about 10 large hotels 
with central air-conditioning systems in the Auckland 
CBD, 8 large hotels responded to the energy survey for 

this study and 7 large hotels’ energy data and building 
design data are suitable for this study.  Table 1 shows 
the range of the 7 hotels’ building design data. 
 

Table 1: Summary of 7 large hotels 

Building design data ranges 

Total guest rooms 218 - 455 

Mean room floor area 30 - 57 (m
2
) 

Total floor area of hotels 15178 - 41736 (m
2
) 

Total volume of hotel 51942 - 130529 (m
3
) 

Mean building height 22 - 81 (m) 
Ratio of surface / volume 0.09 - 0.24 

 
For the hotel with a central air conditioning system, the 
space heating is commonly supplied by the gas boiler 

and the gas boiler also supplies the hot water for the 
whole hotel.  The space cooling is supplied by the 
cooling tower.  It is difficult to identify how much energy 
is only used for the space heating and cooling according 
to energy consumption data from the meters in the 
current central air conditioning system and it is time 
consuming and expensive to install the meters on the 
existing central air conditioning systems to only record 

the actual energy used for the space heating and cooling.  
For the comparison of the energy used for indoor heating 
and cooling related to the different hotel building designs, 
the approximate values of the space heating and cooling 
energy can be calculated according to the monthly 
electricity and gas consumption data, the monthly 
occupancy data and the building design data.  The 
accuracy of the thermal control energy from the 

calculation cannot be compared with the value from the 

meters but it can be used to indicate the profile of the 

energy used for the space heating and cooling in a hotel 
and to compare different designs of the hotel buildings. 
The method to approximately calculate the energy used 
for the space cooling is based on the difference of the 
mean electricity used in per m

3
 of the actual hotel 

internal space being used (not including the vacant 
rooms’ space) per night between the likely cooling 
months (December, January and February) and the 
months without cooling or unlikely using a lot of energy 

for the space cooling (such as March, April, October and 
November).  The method to approximately calculate the 
energy used for the space heating is based on the 
difference of the mean gas (or electricity if electricity 
heater is used in the central air conditioning system) 
used in per m

3
 of the actual hotel internal space being 

used (not including the vacant rooms’ space) per night 
between the likely heating months (from May to 

September) and the months without heating or unlikely 
using a lot of heating energy (such as March, April, 
October and November). 
 

1. ENERGY USED FOR AUCKLAND LARGE 
HOTELS’ SPACE HEATING AND COOLING 
 
Figure 1 shows the comfort zones and the monthly 
climate lines of Auckland summer and winter.  The three 
summer months’ climate lines across the summer 
comfort zone (dash-line area).  Generally Auckland 

summer is comfort.  The climate lines in the winter 
months are lower than and beyond the comfort zone but 
not below the 5 °C.  Auckland winter months have under-

heat problem and need some active heating to restore 
thermal comfort.  According to the climate analysis the 
under-heating in Auckland winter is major thermal 
problem for building design. 

The 7 hotels used 1.54% to 4.86% total energy used in 
the cooling season for space cooling and 4.52% to 
32.67% total energy used in the heating season (see 
Figure 2).   The 7 hotels used about less 1% or 1% 
annual energy for space cooling and 2.28% to 14.05% 
annual energy for space heating (Figure 3).  The 7 hotels 
used more energy for space heating than space cooling.  
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Building thermal design for a large hotel in Auckland 
should focus more on the winter under-heating problem 
to reduce the energy used for indoor space thermal 
control. 

 

 
Figure 1: Winter and summer comfort zones for 

Auckland climate conditions 
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Figure 2: Rations of space thermal control energy and 

seasonal energy 
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Figure 3: Rations of space thermal control energy and 

annual energy 
 
The trend of mean energy used for space heating both 

per room and per m3 per night in the 7 hotels increases 
with the decrease of the heating season occupancies of 
the 7 hotels (see Figure 4, 5 ).  The trend of mean 
energy used for space cooling both per room and per m3 
per night in the 7 hotels decreases with the reduction of 
the heating season occupancies of the 7 hotels (see 
Figure 6, 7).  The mean energy used for space heating 
and cooling responded to the seasonal occupancies 

differently. 
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Figure 4: Mean energy used for heating per room per 

night to heating season occupancy 
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Figure 5: Mean energy used for heating per m

3
 per night 

to heating season occupancy 
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Figure 6: Mean energy used for cooling per room per 

night to cooling season occupancy 
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Figure 7: Mean energy used for cooling per room per 

night to cooling season occupancy 
 

2. RELATIONSHIPS BETWEEN BUILDING 
DESIGN AND SPACE THERMAL CONTROL 
 
A number of building design data such as ratio of 
surface/volume, ratio of total roof area / total floor area, 
ratio of openings, building volume, height, etc. could 
affect the energy used for space heating and cooling.  It 
is difficult to purely identify the clear relationship between 

a single design data and the energy used for space 
heating and cooling for the different hotel buildings when 
the other building design data also affect the energy 
used for space heating and cooling simultaneously in 
different strengths.  This study is mainly focused on the 
trend of the energy used for space heating and cooling 
responding to the change of building design data.  When 
the other building design data is similar the trends of 

energy used for heating and cooling with the change of 
building design data can be used as the general design 
guides to save energy used for space heating and 
cooling in the large hotel buildings in Auckland.   
 
2.1 Ratio of building surface and building volume 
The ratios of surface/volume of the 7 hotels are 0.09 to 
0.24.  The ratio of surface/volume of the multi-storey 

residential building with the permanent heating should be 
0.3 or less for saving the energy for heating (Liu 2000).   
The ratios of the 7 hotels are all under 0.3.  Normally the 
building with smaller ratio of building surface and volume 
uses less energy for space heating.  The trend of mean 
energy used for the space heating per m

3
 per night in the 

7 hotels decreases with the reduction of the ratios of 
building surface and volume (see Figure 8,9).  The trend 

line of mean energy used for space cooling per m
3
 per 
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night keeps flat with the decrease of the ratios of building 
surface and volume (see Figure 8).  The trends of energy 
used for both space heating and cooling per room per 
night increase with the decrease of the ratios of surface 

and volume.  From a business point view, the energy 
used for space heating and cooling per room per night is 
a more appropriate unit to present the energy 
consumption for the hotels. 
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Figure 8: Mean heating and cooling energy per m

3
 per 

night to ratio of surface and volume 
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Figure 9: Mean heating and cooling energy per room per 

night to ratio of surface and volume 
 
2.2 Ratio of building opening area and wall area 
The ratios of building opening area and wall area of the 7 
hotels are 15% to 31%.  The trends of mean energy used 
for the space heating both per m

3
 and room per night in 

the 7 hotels decrease with the reduction of the ratios of 

openings.  The trend lines of energy used for space 
cooling do not change with the decrease of the ratios of 
openings (see Figure 10,11).  Generally a small ratio of 
openings is good for saving space heating energy in the 
large hotels in Auckland.  
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Figure 10: Mean heating and cooling energy per m

3
 per 

night to ratio of building opening and wall area 
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Figure 11: Mean heating and cooling energy per room 

per night to ratio of building opening and wall area 
 

2.3 Ratio of building roof area and floor area 
The ratios of building roof and floor area of the 7 hotels 
are 7% to 18%.  The trend of the mean energy used for 

the space heating increases with the decrease of ratio of 
building roof and floor area.  The trend of the mean 
energy used for the space cooling decrease with the 
reduction of the ratio of building roof ad floor area (see 

Figure 12,13).   
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Figure 12: Mean heating and cooling energy per m

3
 per 

night to ratio of building roof and floor area 
 

0

5

10

15

20

25

30

35

Hotel 7 Hotel 5 Hotel 6 Hotel 3 Hotel 1 Hotel 2 Hotel 4

k
W

h
/r

o
o
m

/n
ig

h
t

0%

5%

10%

15%

20%

R
a

ti
o

 o
f 

ro
o

f/
fl
o

o
r

Cooling Heating Ratio of roof/f loor
Linear (Heating) Linear (Cooling)

 
Figure 13: Mean heating and cooling energy per room 

per night to ratio of building roof and floor area 
 
2.4 Ratio of North, West and East side walls’ area 

and building volume (building orientation) 
The ratios of total area of N, W and E walls and building 
volume of the 7 hotels are 0.04 to 0.11.  The trends of 
mean energy used for space heating both per m

3
 and per 

room per night increase with the decrease of the ratios of 
total area of North, West and East walls and building 
volume (see Figure 14,15).  The ratios are closely related 
to the orientation of hotel building.  The more wall area 
exposed to the sun; the less energy was used for the 

space heating in the hotel.  The mean energy used for 
the space cooling per m

3
 per night does not change with 

the decrease of the ratios (see Figure 14). 
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Figure 14: Mean heating and cooling energy per m

3
 per 

night to ratio of building N,W,E walls / volume  
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Figure 15: Mean heating and cooling energy per room 

per night to ratio of building N,W,E walls / volume 

 
 
 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

41 

2.5 Ratio of total volume of guestrooms and building 
volume 
The ratios of total volume of guestrooms and building 
volume of the 7 large hotels are 34% to 72%.  The mean 

energy used for the space heating both per m
3
 and per 

room per night decreases with the reduction of the ratios 
of total volume of guestrooms and building volume (see 
Figure 16,17).  The mean energy used for the space 
cooling slightly increases with the decrease of the ratios 
of total volume of guestrooms and building volume. 
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Figure 16: Mean heating and cooling energy per m

3
 per 

night to ratio of guestrooms / building volume 
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Figure 17: Mean heating and cooling energy per room 

per night to ratio of guestrooms / building volume 
 
2.6 Building height 
The heights of the 7 hotel buildings are 22 m to 81 m.  
The trend of the mean energy used for the space heating 
per m

3
 per night slightly increases with the decrease of 

the building heights.  The trend of the mean energy used 
for the space cooling per m

3
 per night slightly decreases 

with the reduction of the building heights (see Figure 18).  
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Figure 18: Mean heating and cooling energy per m

3
 per 

night to building height 
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Figure 19: Mean heating and cooling energy per room 

per night to building height 
 

2.7 Building volume 
The volumes of the 7 hotel buildings are 15178 m

3
 to 

41736 m
3
.  The trend of energy used for the space 

heating per m
3
 and per room per night increases with the 

decrease of the building volumes.  The trend of energy 

used for the space cooling per m
3
 slightly decrease with 

the reduction of the building volumes (see Figure 20,21).   
 

0

0.02

0.04

0.06

0.08

0.1

0.12

Hotel 1 Hotel 3 Hotel 2 Hotel 7 Hotel 5 Hotel 6 Hotel 4

k
W

h
/m

3
/n

ig
h
t

0

20000

40000

60000

80000

100000

120000

140000

B
u
ild

in
g
 v

o
lu

m
e
 (

 m
3
)

Total Volume Cooling Heating
Linear (Heating) Linear (Cooling)

 
Figure 20: Mean heating and cooling energy per m

3
 per 

night to building volume 
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Figure 19: Mean heating and cooling energy per room 

per night to building volume 
 

CONCLUSION 
 

The large hotels in Auckland used more energy for space 
heating than space cooling and the space heating 
energy responded more strongly to the change of the 
building design data compared with the space cooling 

energy.  In Auckland the large hotel building design 
should focus more on reducing the space heating energy 
to save the total energy for thermal control.  It is difficult 
to purely identify the clear relationship between a single 
design data such as building height and the energy used 
for space heating and cooling for the different building 
design when the other building design data are also 
different and affect the building thermal performance 
simultaneously in the different affecting strength.  The 

trend of the energy used for space heating and cooling 
related to the change of a particular building design data 
can be identified and used as design guides for a large 
hotel design to save indoor thermal control energy in 
Auckland. 
There are no universal design guides for the large hotel 
buildings to save indoor thermal control energy.  The 
design guides should be related to the major thermal 

problems of the local climate conditions and derived from 
the study of local large hotels’ energy data and designs.  
It is difficult to study the relationships between the 
existing building design and the energy used for the 
internal space thermal control without available energy 
consumption data for the space heating and cooling in 
the buildings as the energy used for the space heating 
and cooling cannot be directly identified through the 

hotels’ energy consumption data recorded by the meters 
in the current central air conditioning systems.  The 
space heating and cooling energy can be approximately 
calculated through the monthly energy consumption data 
of electricity and gas, the occupancy data and the 
building design data for comparing the different building 
designs.  
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ABSTRACT: This paper asks the question – ‘do radiata stems make reliable structural elements and 
should they be utilised more widely in building than is done at present?’ This research is in response to 
timber, and in particular round timber, as being an environmentally sustainable material. Low amounts 
of energy are required for manufacture and timber products are reducers of greenhouse gases. The 
other reason for this research is the increasing numbers of New Zealand radiata stems that are 
becoming mature (NZMAF 2002). New ways are needed to add value to this resource.  
The paper studies the advantages of round timber when compared to sawn lumber. Then, the 
disadvantages are outlined along with the present means available of overcoming them. 
The paper reviews new manufacturing processes and building systems that have evolved in New 
Zealand and expanded the use of round timber in building. Also, recent research into round timber at 
the University of Auckland is described. 
The paper concludes that new research into the utilisation of round timber, and in particular more 
efficient jointing systems, will lead to a broader use of  timber in building. 
 
Conference theme: Building technology 
Keywords: Innovations round timber construction 
  

 

INTRODUCTION 
 
Round Timbers, in building, are tree stems that have had 
their bark removed by peeling or shaving processes. 
Virtually all round timber utilised in New Zealand is pinus 
radiata.  
Over the last 40 years pinus radiata poles have been 
used extensively as foundation piles, power poles, and 
as the members of retaining walls. They exist under a 
continual and often a reasonably high state of 
compressive or bending stress. Due to a minimum of in-
service problems radiata poles have gained the 
reputation as a competent structural product. In this 
paper we also consider round timber for the elements of 
composite structures. 
The paper examines the advantages and disadvantages 
of radiata stems as structural elements. Round timbers 
are a relatively stable form of wood, with typically higher 
characteristic failure stresses and modulus of elasticity 
(Timber Design guide,1999). They require the minimum 
amount of machining and are available, in the shaved 
form, at less cost than sawn lumber. Disadvantages of 
round timber as structural elements include the irregular 
and circular surface and a lack of solutions for effective 
jointing.   
The paper discusses the recent development of ‘uniform 
diameter roundwood’ where the radiata stems are peeled 
to form a consistent and uniform diameter that, to a large 
extent, overcomes the problem of lack of surface 
regularity. This development, along with new jointing 
technology has led to uniform diameter poles being used 
as the structural members in portal frame buildings and 
tele-communication towers.  
Another example of utilising round timber in a new way is 
the development of ‘piled slabs’ for residential floor slabs 
and their associate foundations. ‘Piled slabs’ rely on 
driven piles to support the perimeter footings at ground 
level , which avoids footing excavations and construction 

below ground. The ‘piled slabs’ form of construction was 
developed through research at the University of 
Auckland and saves, on average, NZ$30 per square 
meter of slab cost.  
Another recent research project at the University of 
Auckland is, also, reported which studies the feasibility of 
using timber poles as the main structural elements in a 6 
storey apartment building.  
The paper briefly comments on recent use of round 
timbers as significant architectural and structural 
elements and, in particular, in the context of ‘Pacific’ 
architecture. 
 

1. COMPARING ROUND WOOD AND SAWN 
LUMBER 
 
With round timber there is a lack of loss of timber fibers. 
For a piece of sawn lumber the fibers are virtually lost at 
knot locations. However, on the surface of a log the 
fibers flow uninterrupted around the natural defects. Also 
for poles, sloping grain is not terminated by a cut 
surface. The lack of fiber loss leads to greater strength 
(Timber Design Guide, 1999). 
The wood fibers arrangement for poles is virtually 
symmetrical about the central axis. When we look at a 
cross section of a pole stem, we can see the concentric 
growth rings radiating out from the center. This symmetry 
leads to a more stable structural element. 
When considering the cross-section of a pole, the fiber 
density and hence the strength and stiffness properties 
increases with radius from the center (Timber Design 
Guide, 1999). Thus, the most favourable structural wood 
is on the outside of the member. This is advantageous 
because bending stresses also increase with radius and 
are a maximum at the outside of the member. 
Poles up to 12m long are readily available which reduces 
the necessity for joints in long members. It, also, allows 
the architect to use long timber members as tall columns 
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on a façade. Engineers find long poles useful for driving 
through weak soils to a competent layer. 
 
1.1. Strength  
Poles are regarded in the New Zealand Timber 
Structures Standard (NZS3603:1993) as being typically 
stronger for bending and axial stresses than sawn 
lumber. This can be seen in the following table which 
lists the characteristic stresses for dry radiata as round 
timber and as framing. (at least 95% of elements are 
expected to fail at stresses above the characteristic 
stress). The table also compares the modulus of 
elasticity. The characteristic stresses and modulus of 
elasticity for the round timbers have been modified for 
the effects of machine shaving and steaming to make 
them more comparable to those of framing timber. 
 
Table 1: Modified Characteristic Stresses (MPa) & MoE 
(GPa) for dry Natural Round Radiata and Characteristic 
Stresses (MPa) & MoE (GPa) for dry Radiata Framing 

Category bending tension compression shear perpendicular 
Modulus of 
elasticity 

High density 

poles 
47.0 28.0 28.1 3.3 7.7 12.2 

Medium 

density 

poles 
34.3 20.8 18.0 3.0 7.2 8.8 

Engineering 

grade 

framing 
24.5 14.8 24.2 3.8 8.9 10.0 

No 1 

framing  
17.7 10.6 20.9 3.8 8.9 8.0 

 
1.2. Cost 
‘Because there is less processing, less waste, and 
higher strength material, roundwood offers more load 
carrying capacity for the same cost than sawn timber.’ 
(Timber Design Guide, 1999) The following table is an 
indication of the relative costs of poles and lumber per 
cubic meter. 
 

Table 2: Approximate Costs of H5 tanalised Timber  
Tapered Poles Uniform 

Diameter Poles 
No. 1 Rough 

Sawn Framing 
No 1 Gauged 

Framing 
$400/m

3
 $500/m

3
 $900/m

3
 $1000/m

3
 

  
1.3. Environmental factors  
Compared to sawn lumber, round timber involves less 
handling, minimal machining and virtually no waste. Also, 
less energy is needed for processing 
Smaller diameter round poles utilise the plantation 
thinnings  which are too small for converting into other 
sections. These small diameter poles are often sawn into 
a 125mm*125mm square house piles. Over the years 
these square piles, which are often called ‘senton’ piles, 
have proven to be reliable and stable.  
Pole platforms for houses are particularly useful on steep 
sites because the number of foundations is reduced and 
results in a minimum of site re-contouring. The 
foundation embedment depth required on steep sites is 
typically 2m or more to ensure the foundations do not 
rotate under the action of soil creep. The embedment 
depth makes each foundation relatively expensive and 
there are cost benefits in reducing their number. 
 

2. PERCEIVED DISADVANTAGES OF 
ROUNDWOOD  
 
The aspects of poles that pose difficulties for building 
include lack of straightness, taper, and cracks. 
Poles can have ‘sweep’ or a ‘crook’ which affects 

straightness. Visual selection of logs can overcome 
these issues. Specifications for timber piles and poles for 
use in building (NZS3605:1993) outlines the 
requirements for straightness of poles that are to be 
used as structural members. 
Taper in poles is often up to 5mm to 10mm per meter of 
length. This is awkward for assembling elements and 
making cleats. Recently, there has been an increase in 
New Zealand in the manufacturing of ‘uniform diameter 
roundwood’ which overcomes the disadvantages of pole 
taper. 
A problem for poles in architecture is cracking and, to a 
lesser extent, distortion, due to drying. Log house 
builders overcome these effects by cutting a saw kerf 
along the length of the poled. A saw kerf is a cut from the 
outside to almost the center of the pole. Kerfs work like 
the saw cuts in a concrete slab and allow cross grain 
shrinkage to take place without causing surface cracking 
elsewhere. It may, also, be possible with controlled 
drying to significantly reduce cracking. 
There is minimal loss of stiffness and strength due to 
pole cracking. Cracking is due to the removal of moisture 
between the cells causing shrinkage and the quantity of 
wood fibers remains the same. 
Sawn lumber packs better than round timber. This 
makes it cheaper to transport and to handle in bulk.   
 
2.1. Dimensional Stability 

This subject is often associated with multi-storey timber 
building. Dimensional instability occurs due to timber 
shrinking and expanding with drying and varying 
moisture content. These effects result in variations in 
building dimensions and affect claddings etc. When 
wood moisture content alters, considerably more 
dimensional changes occur across the grain than along 
the grain. The proposed commercial building has 21m 
approximately high columns that consist of 3 no. 7m 
approx long poles end on end. Because the timber grain 
is parallel over the entire height of the column, changes 
in building height are reduced to a minimum. 
Experience at the BRE house 2000 project has shown 
that the moisture content of the timber framing stabilised 
around 12.5% and then remained relatively constant in 
the residential environment. (Enjily 1999). The maximum 
variation in moisture content observed during building 
use was 1%. The pole elements in the proposed 
commercial building will exist in a similar environment as 
a residential building and remain internal and dry. If the 
poles members for a multi-storey building are kiln dried 
before manufacturing to match the expected in-use 
moisture content, then only small dimensional variations 
would be expected.  
 

3. UNIFORM DIAMETER ROUNDWOOD 
 
A recent trend, in New Zealand, is the peeling of poles to 
achieve an element with a uniform diameter. Uniform 
diameter roundwood overcomes the problem of the 
uneven surface of a typical pole. This allows for 
standardised connection details, predictable thickness of 
member for assembly, and a smoother appearance. 
A significant manufacturer of uniform diameter 
roundwood is Tuakau Timber Treatment Ltd. Their web 
site advertises ‘unilogs’ from 70mm to 250mm diameter 
and for up to 12m lengths. Croft Pole Distributors Ltd 
makes a similar product which is marketed as ‘lazerlog’. 
With uniform diameter roundwood there is loss of outer 
sapwood which is denser, stronger, and stiffer than the 
inner heartwood.  I do not know of any research which 
has studied the significance of this loss with respect to 
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strength and stiffness. 
Jayanetti and Follett comment on rounding poles: 

 ‘Rounding can facilitate detailing, jointing, and 
construction and, depending on end use, improve the 
appearance of poles. However, these advantages can be 
offset by a considerable reduction in strength and 
wastage of material. For rounded and non-rounded poles 
of equal diameter there is a 30% loss of strength. Taking 
into account the 30% material wastage, this strength loss 
in respect of the original diameter increases to 40%.’ 

 
3.1. Pole Towers 
A recent innovative use of timber poles was for 10 
number, 30m high tele-communication towers in Tonga 
which were designed to withstand winds of up to 
200km/hr. Tuakau Timber treatment Ltd  manufacture 
the uniform diameter pole elements as a kitset and 
market them as ‘Unilog Towers’.  

Our own testing determined the characteristic bending 
stress at 42 Mpa…. 200 Unilog poles were used for the 

legs and 125 and 155 Unilog poles were used for the 

horizontal diagonal braces…..The HDG steel connectors 
for the leg joints and braces were made  from 3mm steel 
plate shaped into tubes each 610mm long. The tubes 
were made in two sections to accommodate the 60

0
 angle 

of the tower shape with flanges to accommodate the 6mm 
HDG connector plates. The tubes were tightly bolted 
around the legs with 12mm SS bolts…..M16 HDG coach 

screws were used to take up the tension in each 
leg….The design uplift for each leg was 34 tonnes….  
(Reelick 2004) 

 
3.2. Uniform Diameter Roundwood Portal Frames 
Another pole building development by Tuakau Timber 
Treatment Ltd are portal frame buildings using ‘unilogs’. 
The moment joints are achieved by slotting the ends of 
the ‘unilogs’ into close fitting steel tubes. The tubes are 
joined with a weld of sufficient strength to transfer the 
joint bending moment.  
 

  
Figure1a:  Figure 1b: 

32m unilog tower   unilog’ tower joint 
 

 
Figure 1c: ‘unilog’ 2 storey frame 

4. PILED SLABS 
 
4.1. Pile Driving 
New Zealand, due to the farming sector needing driven 
posts for fencing etc, has consistently been involved in 
pile driving. In the last 20 years, pile driving in Auckland, 
has progressed in terms of output, expertise, and 
machinery development.  
The most significant development in residential pile 
driving occurred when, informed by large industrial type 
pile drivers, a foundation construction company, re-
arranged the driver to fit onto a digger and used the 
hydraulics to lift the dolly (steel weight or ram). This led 
to various improvements. The rate of driving became 
quicker and the ram increased in weight. By attaching 
the rig to a digger, virtually any site became suitable for 
driven piles. Tractors, the traditional vehicles for pile 
driving are limited to fairly flat surfaces. 
Driven piles are around 70% the cost of augured piles. 
House piles are typically driven within half a day and the 
site remains relatively clean. Augured piles leave a 
relatively muddy site due to soil excavation and they 
require about two days of construction time. 
 
4.2. University of Auckland Research into Piled Slabs 
In 1997, the structures staff at the School of Architecture 
was approached by a foundation construction company 
to do research into reducing the escalating costs of 
reinforced concrete slabs in domestic construction. The 
study resulted in a method of reinforced concrete slab 
construction which became termed ‘piled slabs’. ‘Piled 
slabs’ have proved quicker to construct and more 
economic to build at $97 per sq.m compared to $127 per 
sq.m. for conventional slabs. 
 
4.3. Piled Slab Concept 
The ‘piled slab’ concept was informed by our confidence 
in driven radiata poles as being competent under 
compression action. The essential difference of a ‘piled 
slab’ when compared to a conventional slab is that the 
perimeter reinforced concrete footing is supported on 
driven timber piles and poured at the same time as the 
slab. The slab within the perimeter footing is the same as 
for a conventional slab system. 
For ‘piled slabs’ the timber piles are located directly 
under the perimeter footings and are specified to be 
placed under point loads and elsewhere at 2m max 
centers but on average are spaced at about 1.8m apart.  
The maximum pile sets are determined by the ‘Hylie’ pile 
formula. The pile set is the amount the pile is driven into 
the ground when the dolly falls on the pile. A smaller set 
indicates a stronger pile than a larger set. The maximum 
allowable set for piles supporting the perimeter footings 
of a single storey house is often around 50mm for a 
500kg hammer falling through 1 meter. 
The code for Timber Framed Buildings (NZS3604), 
specifies that driven piles should be at least 1.2m deep. 
The contractors often drive 1.8m long piles because they 
are more likely to achieve the required sets. 
Occasionally, the set requirements are not met. In this 
instance, the contractor has the choice to replace all the 
piles with longer ones or alternatively splice on additional 
piles.  Because the pin needed between spliced piles is 
stainless steel, it is usually cheaper to replace all the 
piles with longer ones.  
The ground under the slab is excavated down to the 
‘good’ soil layer. Basecourse is then compacted in place 
to underside of slab. Damp proof course is placed before 
the pouring of a100mm thick concrete with 665 high yield 
steel top mesh. Slab thickenings, as per NZS3604, are 
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placed under any internal load bearing walls. If the depth 
of weak ground under the slab is more than 700mm, it is 
cheaper to leave it in place and to support the slab, 
which is typically increased from 100mm to 125mm thick, 
on driven piles at approximately 1.8m centers in both 
directions. Occasionally, the slab needs to be thickened 
above the piles to reduce shear stresses. 
The reinforced concrete perimeter footing is 300mm 
deep * 300mm wide. The bottom 40mm of the perimeter 
footing is placed below the adjacent ground level to 
make the foundation appear embedded  and ‘normal’. 
The 260mm of the footing above ground needs to be 
boxed at the outer edge. The boxing is a significant cost. 
The companies which have taken up making the ‘piled 
slabs’ have made special boxing forms and have 
streamlined this operation. 
The loads of the house external walls and roof are 
supported at the outer edge of the perimeter footings. 
These loads are eccentric by 100mm approximately to 
the driven piles which are directly under the center of the 
footings. The wall/roof loads do not tip the footing 
because they are counterbalanced by the internal slab 
weight. However, this effect creates a hogging moment 
in the slab and so it is important that the contractors are 
made aware of the importance of placing the reinforcing 
mesh in the top region of the slab. In theory, the slabs 
could be 90mm thick, but they have been detailed at 
100mm thick which is typical and also complies with the 
New Zealand code for Timber Framed Buildings 
(NZS3604).  
There are other reasons that ‘piled slabs’ require more 
precise workmanship than conventional footings. One 
example is the longitudinal steel of the external strip 
footings must be correctly lapped due the footings 
spanning between the driven piles. To date, we have 
supervised over a 100 of these slabs and have been 
impressed with the contractor’s diligence in achieving 
these more important construction details.  
The piled slab arrangement saves money by not 
requiring  
• digging for the perimeter foundations and the removal 
from site of the associated excavated ground. ($7.50/m

2
) 

• concrete block base wall between foundations and top 
of slab ($25.20/m

2
) 

• additional cost of in-ground footing ($7.60/m
2
) 

Additional expenses involved with the ‘piled slab’ are: 
• piles which are driven around the slab perimeter 
($8.50/m

2
) 

• boxing around the perimeter of the slab before concrete 
pouring ($4.20/m

2
) 

There is a major saving in construction time with piled 
slabs. The driving of the piles is relatively quick and 
completed within half a day.  For a conventional slab 
considerable additional time is required for excavating 
the footing; pouring the footing; and laying and grouting 
the blocks. Another advantage in piled slabs is the site 
remains considerably cleaner without excavating for the 
footings. 
Since 1997 staff at the school of Architecture have been 
closely associated with the design, construction 
supervision and performance monitoring of 115 ‘piled 
slabs’ for units at a retirement village at Acacia Cove, 
South Auckland. There are no signs of foundation or slab 
movement. The units’ external cladding includes brick 
which has remained in sound condition. The 
300mm*300mm reinforced concrete perimeter strip 
footing was adapted to include a pocket at the outer 
edge to receive the brick veneer and prevent moisture 
ingress into the building. 
Another foundation construction company in Auckland, 

by co-incidence, started a similar piled slab system 
around the same time. Thus, two companies have been 
active and successful at constructing ‘piled slab’ systems 
leading to approximately 300 houses a year between 
2000 and 2002 being constructed with this system. 
Virtually all have these have been within the greater 
Auckland area. There has been a drop off in the 
numbers being built, recently, due to an increase in the 
use of ‘waffle’ type slabs which are being heavily 
promoted by the concrete companies. This may be 
because the ‘waffle’ type slab uses 25% more concrete 
than a ‘piled slab’. In my view, there are concerns with 
using ‘waffle’ type slab systems under New Zealand 
conditions due to the sensitive soils and relatively high 
rainfall.  
 

 
Figure 2a: Piled slab (isometric) 

 
Figure 2b: Piled slab (cross section) 

 

5. SIX STOREY POLE APARTMENT BUILDING 
RESEARCH 
 
A recent research project at the University of Auckland 
was investigating the feasibility of a 6 storey apartment 
building with a radiata pole structure. The main structural 
elements were radiata pole floor beams, radiata pole 
columns, timber floors, and plywood wall diaphragms. 
The pole elements formed a simple post / beam system. 
Figure 3 is a transverse section of the building which 
shows the arrangement of the pole beams and columns. 
The columns are spaced along the building at 7.2m 
centers. The party walls were designed as plywood 
sheathed diaphragms to resist wind and earthquake 
loads. 
The floor is similar to one which was recently constructed 
for a South Auckland commercial building (Davison 
2001). Timber floor joists span between the pole floor 
beams. The flooring is 12 mm thick plywood flooring with 
a 50mm concrete topping to assist a suitable sound 
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insulating rating. Research is currently being carried out 
at the Faculty of Creative Arts and Industries, University 
of Auckland, into timber floor systems that are suitably 
sound proof for multistorey timber building. Hopefully, 
solutions can be found which avoid concrete floor 
toppings.  
The 6 storey pole apartment building was investigated 
from various aspects including dimensional stability, 
environmental impact, strength, economics, fire and 
sound insulation. None of these perspectives showed up 
any impediment to the use of radiata poles as the main 
structural members. The sizes of the pole members 
required are readily available.  
 

6. TIMBER POLES AND ARCHITECTURE 
 
Round timber elements are being used more and more 
by Architects. This is evident when looking through NZ 
Architecture or similar journals. The appearance of round 
timbers is organic and is unobtrusive. It is particularly 
reflects a ‘pacific’ style. Pole columns and roof beams 
are used extensively in Auckland in Pacific Island 
churches which are affectionately known as ‘coral 
cathedrals’. 
Round timbers are presently being used with significant 
architectural  effect in contemporary European buildings. 
Examples of these have been published by Andrew 
Charleson in NZ Timber Design Journals (Charleson 
2002a and 2002b)  

 
CONCLUSIONS 
 
Reported in the paper is the advent of ‘uniform diameter 
roundwood’ and its innovative adaptations by the private 
sector into tele-communication towers and portal frame 
buildings.  
Also described, is the ‘piled slab’ system for residential 
house slabs and it’s cost and time benefits. 
Round timber has distinct advantages as the structural 

components in building which, we expect, will lead to it 
being more widely used in building than at present. 
The growing confidence and momentum in utilising 
round timbers as structural elements has led to the 
University of Auckland being asked to research the 
feasibility of a six storey office building. The challenge 
will be to ensure open floor plans by developing lateral 
load resisting systems that do not rely on shear walls. 
 

REFERENCES 
 
Charleson, A. Beyond Utility (part 1). NZ Timber Design 

Society Journal issue 1 vol 11, pp 3-10, 2002a. 
Charleson, A. Beyond Utility (part 2). NZ Timber Design 

Society Journal issue 3 vol 11, pp 9-16, 2002b. 
Davison, R. Timber Construction-concrete Steel, NZ 

Timber Design Society Journal issue 4 vol 10, pp 19-
24, 2001. 

Enjily V, Palmer S. The current status of timber frame 
2000(TF2000) project. Pacific Timber Engineering 
Conference 1999, vol 1. 

Jayanetti, L., Follet, P. (2000) Timber pole Construction 
International Technology Publications:UK 

NZMAF - New Zealand Ministry of Agriculture and 
Forestry.2002.A national exotic forest description as at 
1 April 2001,18

th
 edition. 

NZS 3603: 1993.Timber structures standard. Standards 
Association of New Zealand. 

NZS 3604:1999. Timber Framed Buildings. Standards 
Association of New Zealand. 

NZS 3605:1993, Specifications for timber piles and poles 
for use in building. Standards Association of New 
Zealand. 

Reelick John M, Reelick John C M. Unilog Cell Phone 
Towers. NZ Timber Design Society Journal issue 3 vol 
12, pp 14-17, 2004. 

Timber Design Guide (1999). New Zealand Timber 
Industry Federation Inc: Wellington. 

 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

48 

 
Acoustical requirements  

of Dewan Filharmonik Petronas, Malaysia 
 
 

Husrul Nizam Husin, Syed Abdul Haris bin Syed Mustapa  
and Kamarul Syahril Kamal 

 
Universiti Teknologi MARA, Cawangan Perak, Malaysia 

 
 

ABSTRACT : This research will present a preliminary for evaluation of the acoustical requirement 
being as essential design requirement for a concert hall. This article also highlights the best design 
solution for concert hall in terms of layout planning, shape and form. These 3 factors are basically 
contributed design factors that should be taken into consideration at inception design stage. This 
article concentrates Dewan Filharmonik PETRONAS, a Malaysian world-class concert hall as the 
main case study. Dewan Filharmonik PETRONAS is selected to be the main case study for this 
research as this prestigious hall has been recognized as Malaysia’s symbolized musical concert hall, 
whereby it is designed to achieve international standards level. Therefore, in order to formalize 
acoustical requirements for this building, the status level of its design should be equal to other world 

renowned concert halls. 
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INTRODUCTION 
 
In general, sound affects the occupants of a building in 

two distinct ways. First is by the quality of the sound 
generated within the building; concert/musical hall for 
instance whilst the second way is in regards with 
disturbance or annoyance of loud noise (noise is a term 
used to describe unwanted sound). 
Despite much recent research and studies done 
previously, factors that concerning the quality of sounds 
are still ambiguous yet imperfectly understood. 
Occurrence of prolonged, over vibrant or flutter noise in a 

building surroundings may result to permanent damage 
of ear. Acoustical problems in buildings could be avoided 
if such acoustic requirements being rectified and plan at 
preliminary design process. 
The major requirement of designing a concert hall is 
associated with decibel consideration and good 
acoustical design, which depends on its actual 
purpose/function. The main reasons by these 

considerations are devoted to the needs of the concert 
hall, which should be able to absorb noise and provide a 
soundproof environment to the external area. 
Consequently at the same time it should be able to 
maintain good echoes within the internal side of the 
building to achieve a good acoustic environment. In other 
meaning, both internal and external sources of noise 
should be controlled and eliminated. 

A good design of a concert hall can be successfully 
achieved by defining sources of noise; adopted with 
architectural requirements and develop both 
combinations with acoustical necessity in the building. In 
order to acquire good acoustics, design aspects such as 
layout plan, shape and form as well as the needs of 
using good reflective materials are necessary as these 
elements are the essential design requirements. This 

process participates wider expertise to address these 
acoustical needs and generally, ideas and contribution 
from architects, mechanical and electrical engineers and 
acoustic consultants are specifically imperative. 

The Dewan Filharmonik PETRONAS is the first 
dedicated classical concert venue in Malaysia; designed 

by Cesar Pelli & Associates and acousticians Kirkegaard 
& Associates. The concert hall, which adjoins the 
prestigious PETRONAS Twin Towers is the latest 
concert hall designated to achieve international standard 
requirements. This impressive hall is not only boasts 
distinctive grandeur in its design as at the same time, 
fine acoustic environment endeavored to this hall has 
deserved it to be classified as international.  

 

1. DEFINITIONS 
 
Acoustic is a term used for “sound”, but in a more in-
depth meaning, it is a technical term, dealing with the 
technologies and construction of enclosed area that able 
to enhance the hearing of sound. Sound is perceived 
when the eardrum sets actions of vibration by variations 
in the air pressure outside of ear and caused by some 
vibrating object. The scientific theories of acoustics were 

first revealed by American Physicist, Joseph Harry in 
1856 and it as then further developed by American 
Physicist, Wallace Sabine in 1900. 
Echoes from wall and furniture basically modify the 
produce of sound in an ordinary room. To modify the 
fluctuation of echoes, suitable materials for finishes is 
applied to cover these surfaces and hence, able to 
absorb or reflect sound. Normally, soft materials used for 

finishes able to absorb sound while hard materials are 
suit to reflect the sounds.  
A basic layout of hall is also affected by the arrangement 
of acoustic system either by size, shape or design of hall. 
A large auditorium may differ in terms of acoustic 
system, which depends upon seating capacity whereby 
empty seats reflect sound and audience absorbs sound. 
Shape and design of a hall also affects the acoustic 

arrangement plan; for instance, concave ceiling or wall 
may lead to occurrence of echoes in a hall. 
Another important element of acoustical concept is 
insulation materials that constitute a good façade of 
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finishes. This can be obtained by applying the best 
sealing materials to foreseen or unforeseen openings 
that may lead to leakage of noise. 
 

2. THE NEEDS OF ACOUSTIC DESIGN FOR 
CONCERT HALL 
 

2.1 General Requirements 
The concept of acoustical necessity for concert hall 
should be able to avoid intrusive noise from external 
area or from mechanical rooms. It should also be able to 
reflect pleasing sound or music and being distributed 
uniform to overcome sound defect such as echoes and 
flutter. Apart from that, such speech and announcement 
perceived in hall surroundings should be within pleasant 

satisfaction. When all these conditions given into priority, 
the design of a particular acoustic hall is considered 
established. 
 
2.2 Acoustic Design Requirements 
Acoustical design requirements is emphasized towards 
measurement stage taken on the physical qualities which 
cover the following attributable factors: 
 

2.2.1 Fundamental Principles 
The shape of the room is the most fundamental factor in 
influencing acoustic aspects. Good acoustics 
environment acquire preliminary evaluation, basic 
planning stage and also advice from a good acoustic 
consultant. 
a) Surrounding Wall Shape and Sound Reflection 
When sound is reflected from a wall surface, the 

reflected sound can be visualized in the same way as 
light reflected from a mirror. Implication of this 
conceptual could be captured where the reflected 
sounds are concentrated to a convergence point if the 
wall is concave in its shape.  The situation is 
distinguished if the sounds perceived through convex 
wall, whereby it will diffuse or absorb the reflected 
echoes or sound. Therefore, in order to have good 

diffusion, concave surfaces larger than the wavelengths 
should not be used in regards to overcome acoustical 
problems. 

 

 

 
 

Convex surfaces Concave surfaces 

Figure 1: Reflection from a curve surface 
 

b) Prevention of Echo and Flutter 
At a corner, where two planes intercept either from 
indoor or outdoor area, sound waves are reflected back 
in the reverse direction to the incident hence echoes are 
raise up as illustrated in Figure 2. A multiple reflection 
between two parallel planes may cause flutter echoes. A 

better flutter echo could be gained by diffusing sound 
waves in order to prevent audible flutters. The theories of 
both echo and flutter prevention is described and shown 
as per Figure 3 

 

  
Figure 2: Reflection at a 

corner 
Figure 3: Shapes causing 

flutter echo 

2.2.2 Selection of Local Shapes 
a) Profiles of Section. 
i) Ceiling – Reflected sound from a ceiling area is obliged 

to reinforce the direct sound, especially for audients in 

rear seats. To get a better sound distribution, it can be 
obtained by a combination of convex shapes as shown 
in Figure 4. Ceiling and rear wall is design in such a 
way to avoid echoes as illustrated in Figure 5 

 

  
Figure 4: Reflection to 

convex shapes 
Figure 5: Rear wall corner 

design 
 
ii) Balcony – The function of designing a balcony is to 

increase the audience capacity. However, the 
acoustics under the balcony becomes worse because 

of the direct sound is attenuated due to long distance 
propagation over the audience. Hence the sound 
pressure levels are poor due to lack of effective 
reflection from wall and ceilings. Furthermore, the 
reverberation time becomes shorter due to the smaller 
volume per audience. In order to overcome this 
problem, the balcony should be as short as possible 
and less than twice the maximum height as shown in 
figure 6. The front of the balcony should be properly 

design, as the echoes would not occur either in plan or 
in section. It is also important in choosing the shape of 
the balcony soffit in order to produce an effective 
reflecting surface. 

 

  
Figure 6: Section of a good 

balcony 
Figure 7: Seating floor 

section 
  
iii) Floor – Since the floor with seating capacity gives 

large absorption compared to others, direct sound is 
simultaneously being attenuated as it propagates over 
the absorbing surface. This is due to the absorption of 

porous-type provided by chairs and audiences, which 
efficient at high frequencies. The existence of spaces 
between the rows of seating capacity would cause 
resonance in low-frequency sounds that would 
produce a good attenuation. The slope of the floor 
should be increased in order to retain direct sound 
being interrupted by the front seats. The concept of 
seating floor section is shown as per Figure 7. 

b) Plan Shape. 

 

Figure 8: Treatment of circular plan shape to 
combination of convex surface 

 
The created ceiling profile design is better to obtain the 
reflected sounds from the wall, which is pointed to be 
nearest to the source of sound. It then would slowly 
merge wall finish towards a surface that absorbs 

echoes/sounds. Due to this term, concave surfaces is 
recommended to be avoided, as it would produce poor  
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sound reflection and poor acoustics. A circular and 
elliptical plan of hall also may contribute problems. In this 
case, if this type of plan is still required, a combination of 
convex surfaces should be adopted and the illustration of 

the concept is shown as per Figure 8. 
c) Sound Reflecting Panels. 
Movable of a sound reflects via walls and ceiling 
whereby it’s normally installed to the stage as an 
orchestra shell. The sound that reflects walls and ceiling 
would provide a sound energy and distribute the sound 
to be absorbed to the back stage. The sound distribution 
then will be reflected back to the players hence produce 

a pleasant listening conditions for the audience. Since 
the reflecting panels are heavy, a compound laminated 
layer of plywood and damping rubber sheet is preferable 
in order to reduce its weight. 
d) Diffusion surface or units. 
To improve sound diffusion in a hall or room, the wall or 
ceiling should be design in a zig-zag profile, cylindrical, 
spherical, pyramidal or other uneven irregular-shaped 

units that need to be installed along the boundaries. In 
fact, any of these shapes enable to diffuse sounds as 
long as the wavelength equivalent to the dimensions of 
irregularity. By adopting these irregular shapes to wall or 
ceiling surfaces, the whole shape of room established to 
be a functional acoustic system. 
 

3. CASE STUDY – DEWAN FILHARMONIK 
PETRONAS 
 

 
 

Figure 9: Dewan Filharmonik PETRONAS which is 

sandwiched between the PETRONAS Twin Tower 
 

3.1 Background 
Dewan Filharmonik PETRONAS (DFP) is a concert hall 
that was officially opened on 17 August 1998. It was 
borne out of a vision to provide proper facilities to create 
and develop a lifestyle that is rich in culture, music and 
the arts. It is sandwiched between the PETRONAS Twin 
Tower Towers that rise like sentinels in the heart of 

Kuala Lumpur, the capital of Malaysia. This halls 
specifically designed for symphonic performances  
of the highest quality. The hall has a capacity for 885 
people, which includes box seating at Stalls level and 20 
luxurious corporate suites at Circle and Upper Circle 

levels. Famed architectural firm Cesar Pelli & Associates 
and acoustics expert Kirkegaard & Associates 
collaborated to create this world-class venue. Kirkegaard 
& Associates, the acoustical design team, incorporated 

unique elements into the auditorium design in order to 
maximise the natural acoustic qualities of the wood 
interior. The concert hall represents a careful balance of 
form, materials, textures and colour. Aesthetically, it 
combines modern and traditional values of the Malaysian 
culture. DFP is a magnificent concert hall incorporating 
local design elements with state-of-the-art acoustic 
technology. 

 
3.2 Technical Information 
a) Planning layout 
The shape of the room is the most fundamental factor in 
influencing its acoustic. The layout plan of the DFP is 
inspired from the traditional shoe-box shape of the great 
19

th
 century European concert halls. This plan shape is 

widely acknowledged as the finest acoustic environment 

for the performance of symphonic orchestra. The shoe-
box shape is considered as the best acoustic plan as it 
assures total enclosure of the internal area.  
When sound is reflected from a surface, the reflected 
sound can be visualized in the same way as light 
reflected from a mirror. Concave surface reflects 
concentrated sounds whilst convex surface diffuses or 
absorbs sounds. Figure 10 indicates the reflection of 

sounds, starting from the stage, reflected to the ceiling 
and then reflected back by the balcony’s material and 
shape to the audience. The convex surface of the 
balcony’s shape and the wall panel surfaces of the 
concert hall diffuse or absorb the sounds. In short, the 
shape of the enclosed wall determines the reflection 
mode of the sound. 
When a balcony is provided, the sound reflection 
pressure level becomes poor due to lack of effective 

reflection from walls and ceilings. Furthermore, the 
reverberation time becomes shorter due to the smaller 
volume per audience. Movable acoustically absorptive 
wall panels which are of convex-shape are used to 
provide a more effective sound reflection. The movable 
acoustically absorptive walls with a zig-zag profile 
around the stage are acting as an orchestra shell. The 
benefit is this provides a sound energy that would be 

absorbed through the backstage area which has been 
treated with high absorption materials. The sound then 
will be reflected back to the orchestral players, producing 
a more quality sound to the audience.  
As the ceiling profile design, it is better to obtain the 
reflect sound from the wall which is the nearest to the 
sound source, then slowly change the wall finish towards 
a surface that absorbs. Concave surface must be 

avoided where it would produce poor sound reflection 
and poor acoustics. A circular and elliptical plan also 
gives serious problems. In this case the best solution is 
by adopting a shoe-box shape as it enhances the sound 
more compared to other types of layout plan. 
b) Volume, height and proportion 
The DFP is a triple-volume concert hall, consisting of 
three seating levels – Stalls, Circle and Upper Circle. 

The ground level of the concert hall consists of the first 
tier of seating area and the stage. Two tiers of seating 
area marked as the second and third level of the seating 
areas.  
Due to the height of the concert hall which is of triple-
volume, the needs of using various reflective sound 
absorption materials are necessary. As per following 
Figure 11, the DFP is using various sound treatments to 
improve the quality of the sound distributed and reflected 
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from one angle to another. The sound treatments in fact 
are essential in order to ensure a balance distribution of 
sound at each seating levels. The reason on adopting a 
sloping seating level is to overcome poor sound 

distribution due to the porous-type absorption provided 
by seats and audiences. Therefore, in order to overcome 

this, the seating level is built as a sloping level, 
specifically to prevent sound absorption by the seats 
and. In addition, the circulation spaces in-between of 
seating rows are of optimum dimensions, assuring good 

resonance. 
 

 

 
Figure 10: Axonometric view showing the layout plan and the sound reflection in the DFP 

 

 
Figure 11: Longitudinal section of the concert hall showing the application of various acoustic treatments to enhance 

the sound quality of the hall. 
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Figure 12: Reflection of sound from the ceiling and wall panels. 

 

 
Figure 13: Interior view of the ceiling and wall panels. 

 

Reflected sound from a ceiling plays a major role in 
reinforcing the sound, especially for listeners in rear 
seats. To get a better sound distribution, it can be 
overcome with a combination of convex shapes. In the 
case of Dewan Filharmonik PETRONAS, vaulted ceiling 
was adopted as part of the design, specifically to ensure 
good sound distribution within the concert hall, as shown 
in Figure 12 and 13. 
 

 

 
c) Acoustical treatment 

i) Auditorium 

Unique devices have been incorporated into the shoe-
box shaped auditorium to enhance its natural acoustic 
qualities. The auditorium is capable of seating 885 
people in an atmosphere of refinement as well as 20 
Corporate Suites with attached lounges. The gently 
arched perforated metal ceiling allows sound to travel 
to an upper ceiling. There are seven movable panels in 
this upper ceiling, each of which can be adjusted to 

alter the volume in the hall and simulate a wide range 
of acoustic environments. Acoustically absorptive 
panels in the sidewalls can be opened or closed to 
adjust the resonance of the auditorium. Wall, ceilings 
and balconies are specifically designed to reflect 
sound to the audience and the musicians while at the 
same time eliminating the echoing effect. The hall sits 
on resilient pads and is surrounded by two concrete 
wall separated by an isolation joint to eliminate 

external noise. Therefore, the air-conditioning is 
virtually silent. Every element in the hall, every material 
and finishing, has been designed and selected to 
create a flexible performing environment that 
complements a variety of orchestral performances. 

 
Figure 14: Overall interior view of DFP- the absorptive convex wall panels and arched perforated metal ceiling that 

contribute to good sound distribution. 
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ii) Stage 
The stage is made of tongue-and-groove timber which 
is specifically designed for flexibility. The walls 
surrounding the stage are acoustically treated to be 

sound reflective or absorbent, depending on the 
desired use. In addition, the walls are of convex 
shapes, assuring good sound distribution within the 
concert hall. 

 

CONCLUSION 

 
Designing a concert hall is a great challenge because 
this type of building requires a much greater range of 
subjective responses to be satisfied in order to obtain a 

quality sound for various styles and eras of music. 
Designers tend to deal first with those factors that have 
the greatest effects on choices of building form, design 
and technology, construction materials and texture of 
finished sufaces. 
Generally, there are three means for design control of 
sound in a concert hall, namely achitectural design, 
technology and construction development and special 

techniques. The architectural design is the most 
successful method to control sound in buildings by 
applying physics principles as the main design criteria 
which can avoid creating situations that can lead to 
acoustical defects. The technology and construction 
development of the surface forms and finishes especially 
for acoustics hall, should be controlled by the acoustic 
specialist with attention from the designers. Attention 

should also focus on the finish material and general 
sound-reflecting characteristics of the elements. The 
special technique is taken into consideration once all the 
initial options of the basic construction and technology 
are considered. Three main areas that are concern for 
acoustics design and sound management are namely 
acoustics room, noise control and sound privacy. 
The DFP concert hall gives the best acoustic reputation 

with its rectangular shape in and roughly square in 
section which takes inspiration from the traditional shoe-
box shape of the great 19th century European concert 
halls. It is also designed with absorptive convex wall 

panels and arched perforated metal ceiling along with 
sloping floor level which contribute to a high degree of 
sound distribution. Another interesting feature of this hall 
is the reflector above the stage which has been designed 

to be moveable so that it can be controlled either to 
provide reflection to the audience or otherwise.  
DFP is the focal point in Kuala Lumpur for enthusiastic 
classical music audience. It provides Malaysians and 
visiting performers from around the world with 
opportunities to contribute to the richness and diversity of 
Malaysia's evolving musical culture. From the auditorium 
to the practice rooms, every detail has been thoughtfully 

planned with the latest acoustics requirement to provide 
artists with the best performance environment, and 
music lovers, the ultimate musical experience. 
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ABSTRACT: The usefulness for design of results from laboratory-based studies of people’s perception of and 
response to separate variables of the sensory environment has been questioned.  Nevertheless, studies of 
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experimental techniques, leading to a collection of inconsistent outcomes.  Recent research in cognitive 
science and neuroscience has produced insights which provide a basis for examining flaws inherent in all 
such laboratory-based studies.  These flaws are evaluated, alternative approaches to these studies are 
suggested and briefly discussed, and the implications, both for the way in which this information is provided to 
design practitioners and for the education of these practitioners, are considered. 
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INTRODUCTION 
 
A Report published recently by the Commission 
Internationale de l’Éclairage (CIE) (Laurentin and 
Fontoynont 2000) reviewed experiments into the effects 
of air temperature on visual perception or preferences 
and, conversely, the effects of light characteristics on 
thermal perception.  It reported that most experiments 
showed either a lack of or inconclusive interactions, and 
that where evidence of interactions was found there was 
disagreement between authors.  These results are in 
conflict with most people’s experience of the natural 
environment but this point was not addressed in the 
report, although it was noted that most studies were 
performed in experimental chambers with only artificial 
lighting.  Since the report concludes with a proposal to 
extend this type of study to include the use of  chambers 
with “real windows” that would permit a view out as well 
as admit daylight, it seems appropriate to subject the 
reviewed experiments to a more searching critique.  This 
paper presents that critique in the context of a more 
general appraisal of chamber studies and similar 
laboratory-based approaches to the study of people’s 
responses to and interaction with their physical 
environment.  The discussion is then extended to include 
input from current research in environmental psychology, 
cognitive science and neuroscience.  Alternative 
approaches to these laboratory-based studies are 
outlined, with particular concern about the quality of 
outcomes when exploring more complex sensory 
responses to the environment.  The implications for 
architectural education are also explored, including the 
focussing of education upon enhancing the ability of 
professional architects to integrate the results from 
simplified laboratory studies when designing for complex 
sensory interactions with the environment, rather than 
rely on laboratory studies to attempt to provide reliable 
guidelines for such design. 
 
1. CRITIQUE OF ENVIRONMENTAL CHAMBER 
STUDIES 
 
1.1. Climate chambers 
Climate chambers have been in use for over 80 years as 
a significant tool in thermal comfort research, with the 

subsequent development of the air-conditioning industry 
providing a further impetus for studies that included the 
influence of relative humidity on comfort.  The 
experimental techniques were entirely in accord with the 
best scientific practice of the day: the generation of 
reproducible results by well-focussed studies in which all 
unwanted variables were controlled, to prevent them 
from affecting the results, and (where possible) the 
variables of interest were carefully changed just one at a 
time.  A former protagonist of climate chamber studies 
has subsequently commented that by examining thermal 
comfort in isolation from other factors, “this essentially 
reductionist approach disregards some important but ill-
understood factors affecting thermal comfort” (McIntyre 
1982:89). 
McIntyre has identified a number of problems or 
difficulties with experiments conducted in a climate 
chamber. Subjects are given one of a number of 
available 7 point rating scales for evaluating thermal 
sensation or thermal comfort and it has been found that 
the meaning of the words used in these rating scales is 
modified by each subject’s thermal experience.  It is also 
found that culture and climate affect the subjects’ 
description of sensation, even though they do not 
necessarily affect the sensation itself, and there is 
evidence that the use of warmth descriptions changes 
with season.  The experiments are normally set up to 
determine thermal neutrality and do not lend themselves 
readily to revealing the (for some, much more 
interesting) requirements for thermal pleasure or delight.  
The optimum conditions revealed by any experiment will 
only represent an average over a large group of subjects 
and not all people will necessarily be comfortable in 
these conditions. 
In response to the design problem created by this last 
point, Fanger (1972) analysed the data obtained from 
chamber studies in Copenhagen to produce a graph 
showing how the Predicted Percentage Dissatisfied 
(PPD) varied with temperature deviation from the 
optimum.  As McIntyre (1982:91) points out, the graph 
seems to demonstrate the importance of maintaining 
close control over temperature in a multi-occupied 
space, in order to keep the percentage of dissatisfied 
occupants to a minimum, despite the flexible response of 
individuals to temperature.  He also notes that Fanger’s 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

55 

data shows that there is no affect on the preferred 
temperature of a group of people by either country, 
season or thermal experience, a result which is 
confounded by the outcome of an analysis of field 
studies of thermal comfort by Humphreys (1975, 1978).  
Humphreys (1975:26) has (rather mildly) suggested that 
the discrepancy between the real world and the climate 
chamber studies is that the latter “seem to make too little 
allowance for people’s adaptability to variations in their 
thermal environment”. 
There are three further considerations in terms of which 
a critique of the experimental situation and technique 
associated with climate chamber studies can readily be 
expanded to include any laboratory-based studies of the 
way in which people perceive and respond to their 
physical environment, such as aspects of lighting and 
colour and the acoustic characteristics of a space.  The 
first is that the test chamber itself and the activities (if 
any) undertaken by the subjects in that chamber are 
most unlikely to bear any significant resemblance to 
spaces and activities in the real world for which the 
research findings are likely to be used.  A traditional 
climate chamber could be festooned with sufficient 
monitoring instruments to record not only the principal 
thermal variables but also gather enough data to 
determine gradients in these values across the chamber.  
It is only relatively recently that smaller digital 
instruments could have been more discreetly employed.   
A lighting test room could have an array of alternative 
sources available on different circuits, although others 
would have provision for quick changes to be made to 
lamps in a smaller array of luminaires.  The experimental 
situation in many studies of lighting and vision did not 
use a chamber as such but rather required the subjects 
to look through a slot into an illuminated model of a 
room, or even just an illuminated box.  A detailed critique 
of this approach has been presented elsewhere (Willey 
1999).   
Most environmental chambers would be windowless and 
enclosed within the laboratory.  This means that the 
subjects would not experience any sense of going into a 
realistic, everyday space.  Some climate chamber 
studies have involved only a few minutes and others 
would be unlikely to be long enough for any activity to 
acquire a sense of everyday reality.   
The second point is that subjects were often alone in the 
chamber, limited to reading if any activity at all was 
provided for.  While some experiments reported that 
efforts were made to avoid drawing the subjects’ 
attention to the true nature of the study, most inevitably 
required the subjects to indicate in some way their 
response to some aspect of the physical environment – 
voting on a 7-point scale, operating a switch or adjusting 
dimmer controls.  This has the effect of providing little to 
distract the attention of the subject from the chamber that 
they are in, and then of focussing their attention on some 
aspect of the environment in that chamber. 
The third point is that however extensive the experience 
that the subjects might have of interior environments of 
the type commonly studied in environmental chambers 
(i.e. non-domestic, commercial or institutional interiors), 
the need to describe the simulated interiors in a climate 
chamber or respond to questions about them may be 
very difficult.  A layperson may not have developed an 
overview but be restricted to offering a limited set of 
naïve observations – naïve in the sense of not having 
previously needed to develop an in-depth articulation of 
their response to such an environment.  Faced with this 
possibility in the study of glare, Petherbridge and 
Hopkinson (1950) used trained observers rather than 
naïve subjects, and even then rejected data from those 
observers who were unable to make consistent 

appraisals under constant conditions. 
The upshot has been that these test chambers provided 
an artificial environment, unlike any other that the 
subjects had experienced or would experience, and the 
environment in the chamber became an unnatural focus 
of their attention rather than a background factor to 
which their attention would normally be drawn only if it 
went outside the range to which they could 
subconsciously adapt.  When asked to describe or 
evaluate some aspect of the environment, many would 
have been unable to adequately articulate their 
response.  While the results of such studies can still 
provide a valuable resource and enhance both our 
knowledge and understanding, to expect these results to 
be immediately applicable in a design situation could be 
considered an example of supreme optimism or even 
impertinence. 
 
1.2. More complex studies in laboratory settings 
It is common experience that we do not respond to 
sensory variables in the natural environment in the non-
interactive and independently-varying way in which they 
are presented to subjects in most of the environmental 
chamber studies described above.  Changes in visual 
stimuli are associated with corresponding changes in 
thermal stimuli; longer-wavelength colours are commonly 
associated with warmth while shorter-wavelength colours 
are associated with coolness.  For example, we 
associate the bright light of strong daylight with a gain in 
heat from radiation, if we are standing in sunlight, but we 
can seek shelter and coolness in a shaded place 
because of the complementary association of shade to 
coolness.  However, our understanding can be shown to 
be more complex than this when we find no difficulty in 
accepting that a masonry wall which has been exposed 
to strong sunlight but which is now offering a patch of 
shade is nevertheless going to warm us if we stand 
beside it.  Similarly, although we associate the redness 
of a burning log fire with a warming effect, we also 
associate the redness of a sunrise or sunset with 
coolness.  The associations we expect to find between 
sensory variables are context dependent, and our 
expectations are based on long-term experience. 
A number of scientists have nevertheless found it 
important and necessary to check the validity of these 
associations for the environment within buildings, and if 
verified to check their consistency and strength.  Various 
reasons are offered, but a frequently-occurring one is 
that the data may suggest ways of economising on 
energy used for heating.  The experiments have been 
laboratory-based, often using an environmental chamber 
originally set up to explore a single aspect of the 
environment (often warmth) but now pressed into service 
to study interactions between two aspects of the 
environment (e.g. warmth and the colour or amount of 
light).  It would not be unexpected to find that some of 
the problems and difficulties encountered when studying 
single variables in these chambers are present, if not 
compounded, when studying the interactions between 
two or more variables. 
The CIE Report referred to in the Introduction (Laurentin 
and Fontoynont 2000) surveyed 21 studies of the 
interactions between various aspects of the thermal and 
visual environments.  A sample of these have been 
reassessed for this paper, revealing evidence of the 
usual problems.  More significantly, the CIE Report itself 
is prone to error – for example, using the terms thermal 
perception, thermal sensation, thermal comfort, thermal 
pleasantness, thermal tolerance and thermal preference 
as if they were inter-changeable.  In both the Report and 
a paper describing their own studies (Laurentin, Berrutto 
and Fontoynont 2000), the authors state that “we can 
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suppose that the effect of odour on visual perception is 
non-existent”, on the grounds that no results from any 
experiments related to this have been published!  In fact 
there is a wealth of published material on human 
olfaction, well-summarised in terms of both biological fact 
and subjective human experience by Stoddart (1990).  
While the human sense of smell has now become 
vestigial, odour nevertheless continues to play a 
significant role in our cognitive world, adding to visual, 
auditory and thermal inputs as we interact with the 
natural, social and built environments.  Perhaps the 
significance of its contribution to our experience of the 
world around us would not be adequately comprehended 
unless we encountered a setting from which it was 
absent – a seaside without the smell of salty air, hot 
coffee without any aroma?  Scented gardens are an 
important component of Islamic architecture, serving not 
only as an element of sensory beauty in themselves but 
also drawing attention to the existence of otherwise 
imperceptible air movement as this air is drawn into a 
building and enhancing the feeling of coolness that this 
produces.  Such matters of interactive perception will be 
returned to briefly in a discussion of insights from 
cognitive science and neuroscience. 
Four of the papers reviewed in the CIE Report can be 
usefully commented on.  Bennett and Rey (1972) used a 
climate chamber to search for any influence of colour on 
thermal comfort, but the procedure consisted of varying 
the wall temperatures in the chamber while the subjects 
wore red, blue or clear goggles.  While the strategy was 
commendably economical in equipment costs, the clearly 
unnatural way in which the visual information was 
coloured would hardly trigger any interaction or call-up 
any memory of associations between colour and thermal 
comfort.  Under the circumstances, the null result is 
hardly surprising. 
In a study carried out at the University of Queensland, 
Kearney (1966) used direct comparisons of pairs of 
visual stimuli under three different thermal conditions.  
There were 12 single stimuli, consisting of combinations 
of four hues (red, blue, green and yellow) and three 
levels of brightness, from slides projected onto a divided 
screen.  The three thermal conditions were “hot” (37 to 
43˚C), “cool” (15 to 17˚C) and “cold” (–5 to –0˚C).  
Comfort votes were recorded in each set of conditions.  
In the two extreme conditions, Kearney found that 
preferences were influenced by hue and not by 
brightness; in the “cold” condition, preferences were 
positively correlated with the wavelength of light and in 
the “hot” condition, preferences were inversely related to 
wavelength.  Under “cool”! conditions, no significant 
relationships were found.  The comfort votes indicated 
that the two extreme conditions were “somewhat 
stressful to the subjects” and Kearney suggests that this 
led to “more exaggerated and uniform preferences” 
being observed.  He conjectures that the “cool” condition 
was not only not stressful but “almost comfortable” (the 
experiment was carried out in Brisbane in winter) and 
that preferences were determined by non-physical 
factors, leading to individual variations based on such 
factors as “personal experiences, emotional states, 
fashion, popular tastes, etc”.  The difference between the 
observations in the two extreme conditions and those in 
“cool” conditions is probably the most significant 
outcome of this experiment but Laurentin and 
Fontoynont (2002) have completely missed this; in fact, 
in summarising Kearney’s results they refer only to two 
thermal conditions rather than three, and incorrectly label 
them “cool” and “warm” when it is clear from the results 
they associate with these alleged conditions that they are 
referring to Kearney’s “cold” and “hot” conditions.  (They 
then proceed to compare these results with those for 

other authors who used “cool” and “warm” conditions.) 
On the other hand, the laboratory setting used by 
Kearney is similar in character (involving concentrating 
the subjects’ attention on the stimuli of interest) to that 
used by Petherbridge and Hopkinson (1950) for their 
investigation of glare (without, however, resorting to 
training the subjects) and the outcomes should carry a 
similar caveat.  Petherbridge and Hopkinson advised that 
their studies 

…were directed more towards an extended knowledge of the 
relationship between the various physical factors which 
govern discomfort from glare, rather than towards prescribing 
the precise values of these factors associated with any 
specific degree of discomfort. 

It is clear that those using climate chambers or other 
laboratory setting to study thermal comfort or the 
relationship between thermal and visual stimuli should 
have provided and heeded similar advice in the 
interpretation of their findings, but it is highly probable 
that this never occurred to many if not all of them. 
Wright (1962) has provided his own critique of previous 
studies that have set out to test what he calls the 
“widespread and ancient” belief that colour can affect 
apparent warmth.  He found a major shortcoming in the 
failure of these studies to deal explicitly with the three 
basic perceptual dimensions of colour: hue, brightness 
(or lightness) and saturation.  He used 45 different 
colours plus black, white and grey, presented in daylight 
to the subjects as a single 75 mm square of matte 
surface colour against a neutral background.  The 
judgements were made on 7-point semantic differential 
scales.  There was no change in temperature during the 
study.  Wright summarised his findings with the following 
remarks:  “There is a well-defined hue-effect on apparent 
warmth, independent of lightness or saturation”; “The 
effects of lightness and saturation…are less definitive 
than the effect of hue”; “…increasing ratings of warmth 
corresponded with increasing saturation”.  He goes on to 
say 

The effect of hue on apparent warmth seems to be 
established beyond the need for further research.  The 
effects of lightness and saturation, however, while strongly 
implied, still need additional study. 

The confidence expressed in this conclusion needs, 
again, to be tempered by the advice of Petherbridge and 
Hopkinson. 
A different type of study was carried out by Berry (1961).  
He required the subjects to engage in a task which would 
have absorbed much of their attention.  They used 
standard automobile controls to guide the motion of a 
model car on an endless-belt roadway; a task based on 
a simulator approach to driving instruction.  The roadway 
was in front of the controls and sloped upwards away 
from the subject.  The setting was in a space 
approximately 1.2 m x 3.0 m and painted white.  The 
ceiling height was 2.4 m at the end behind the subject, 
sloping down to just 1.5 m at the end faced by the 
subject.  The ceiling itself was translucent, lit from above 
by, alternately, blue fluorescent lamps or daylight white 
lamps, the latter either bare or covered with yellow, 
amber or green theatrical gels.  The intended effect was 
a noticeably coloured illumination of the room that 
changed with each trial.  During the trials, the air 
temperature was raised from 22.2˚C at the rate of 1.1˚C 
per minute by six 1000 watt blower-heaters that were 
claimed to be concealed in the room.  The subjects were 
asked to indicate when they began to feel uncomfortably 
warm.  It was claimed that the “subjects were unaware of 
the experimenter’s interest in their judgments of comfort 
and temperature”.  The sloping ceiling was designed to 
force the subjects to include a significant part of the 
lighting diffuser in their field of vision and from the results 
it was concluded that the colour of illumination did not 
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influence the temperature at which the subjects indicated 
the onset of discomfort.  The report makes no mention of 
the possible effect of any differences in the clothing worn 
by the subjects, the degree to which each subject 
monitored the warmth in the space while concentrating 
on guiding the model car, and the possible effects of 
perceptual constancy on the apparent colour of the 
illumination.  While these omissions could be discussed 
at some length, a potentially more significant point would 
be the unquestioned assumption that the subjects must 
notice the colour of the ceiling because the ceiling was 
forced to be in their field of view; and this point will be 
discussed in the next section. 
 
2. INPUT FROM COGNITIVE SCIENCE AND 
NEUROSCIENCE 
 
2.1. Change blindness, inattentional blindness and 
visual short term memory 
As we look around us, we experience a visual world that 
is rich in detail.  Nevertheless, recent research suggests 
that we retain little, if any, of this detail as we move from 
one view (or eye fixation) to the next, and may not have 
been aware of much of this detail anyway.  The lack of 
retained detail shows clearly in the frequency with which 
changes in detail go unnoticed, a phenomenon known as 
“change blindness” (Simons 1996, 2000a; Simons and 
Levin 2003).  This observed limit in ability to store object 
detail is not contradicted by a much greater ability to 
store and recall large numbers of visual images over 
long periods of time (tens of thousands of images in 
some cases) – the latter ability depends on a stored 
representation of the spatial character of the observed 
scene or picture, rather than on stored information about 
the properties of objects in that picture.  The observation 
that we have only sparse representations rather than 
detailed internal representations of the visual world has 
been subject to theoretical discussion.  One hypothesis 
has been that we do not need to build an internal 
representation because the visual world can be 
accessed when needed and has sufficient stability for 
most purposes.  The concept of an “outside memory” 
(O’Regan, 1992) serves an analogous role to the virtual 
memory in a computer.  It acts as a storehouse of visual 
information and reduces the need to rely on internal 
representation, while not necessarily making the 
sparseness of the internal representation evident to the 
observer.  As Simons and Levin (2003) point out: 

If this outside memory is seamlessly integrated into 
perception, observers likely would be unaware of its 
existence, leading to the mistaken assumption that they have 
represented the world internally. 

Clark (2001) has drawn attention to a further analogy to 
the concept of “outside memory”.  A modern store may 
generate the illusion that it retains a very large stock of 
goods in a storeroom on the premises because the items 
a customer wants always seem to be available, whereas 
the reality is that the store employs “just-in-time” 
computer ordering of stock from a bulk warehouse based 
on data flowing from the check-outs.  Stock kept on the 
premises is restricted to just sufficient to meet current 
demand, resulting in major savings in storage space. 
Elsewhere, Simons (2000a) summarises other possible 
explanations for change blindness, including: that it 
implies the absence of a consciously accessible 
representation, rather than the absence of 
representations altogether; that an initial representation 
is simply overwritten by a subsequent one without 
comparison and without noticing any change; and that 
everything is stored but nothing is compared (a 
possibility also offered in research on thinking and 
reasoning to explain why some people unknowingly hold 

contradictory views on the same topic).  No explanation 
offered so far seems to have universal applicability. 
The phenomenon of change blindness has been studied 
in detail only recently in psychology but has a much 
longer history in other disciplines, most notably in film-
making.  When film-making moved on from being 
effectively no more than a single-take recording of a 
stage performance to embrace cutting between wide-
angle and close-up shots, between multiple views of the 
same action and between linked events at different 
locations, the need for continuity became important.  
Both the techniques developed for editing and the advice 
manuals provided for continuity supervisors required 
detailed study, firstly into what it was important to 
observe to ensure matching occurred and then, more 
significantly, what details were unlikely to need matching 
for a viewer’s sense of continuity to be retained.  It is 
surprising that such a rich resource of observation and 
understanding was not tapped into earlier by 
psychologists. 
Some of the earliest psychological studies of change 
blindness dealt with simple line drawings, words and dot 
arrays in carefully controlled conditions.  This is not 
unlike many of the laboratory studies of people’s 
responses to aspects of the thermal and luminous 
environment.  On the other hand, it took only a few years 
for psychologists to engage with increasing complexity, 
from photographs to the dynamic complexity of a video 
clip to real-world interactions that demanded the active 
participation of the subject.  The outcome has been, in 
this case, a growing but still cautious confidence in the 
validity of generalising results from the use of simple 
displays to the operation of the visual system in the real 
world.  At the same time, previously independent studies 
of other forms of “blindness” such as inattentional 
blindness (plus a variant, “inattentional amnesia”) and 
repetition blindness, developed a dialogue around the 
common theme of the limitations of attention and 
memory.  Some of these other forms of blindness may 
have a direct bearing on the validity of results from 
thermal and luminous studies undertaken in a laboratory 
in which the attention is directed to a particular task. 
In these laboratory settings, there may be stimuli which 
are unattended either because they are not a part of the 
experiment or because they are a part of the experiment 
but the subject’s attention has been drawn to a task or to 
one or more other stimuli.  Three outcomes are possible.  
If an unattended stimulus draws attention to itself, we 
have “explicit attentional capture”; if an irrelevant 
stimulus affects performance on a task, whether or not 
the subjects become aware of it, we have “implicit 
attentional capture”; and if the subjects fail to notice a 
particular object or feature because their attention is 
focussed on some other object, we have “inattentional 
blindness” (Simons, 2000b). 
The focus of studies of implicit attentional capture is 
usually how well a subject can ignore something that is 
expected but which is irrelevant, whereas in studies of 
explicit attentional capture it is how likely subjects are to 
notice something that is potentially relevant but which 
they are not expecting.  It is this latter type of study 
which comes closest to suggesting an explanation as to 
why in thermal or lighting studies a potentially relevant 
stimulus does not seem to have the hypothesised effect 
– it may simply not have been noticed (although that 
would still leave the question as to why it wasn’t noticed).  
Simons and Chabris (1999) undertook a series of studies 
of inattentional blindness, the most interesting (and 
bizarre) involving videos of two teams playing a ball 
game that involved passing basketballs within each team 
in a confined space (a lift lobby).  Observers were asked 
to count the number of times one of the teams passed 
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their ball during the video.  At one point in the video, an 
unexpected intruder walked through the game (in one 
case, a woman with an opened umbrella and in another, 
a person dressed in a gorilla suit – the videos used in 
these studies can be viewed through the website 
http://viscog.beckman.uiuc.edu/).  On average, 35% of 
observers failed to notice the umbrella woman or the 
gorilla.  Simons and Chabris summarised their findings, 
in part, as follows: 

Our results suggest that the likelihood of noticing an 
unexpected object depends on the similarity of that object to 
the other objects in the display and on how difficult the 
primary monitoring task is.  Interestingly, spatial proximity of 
the critical unattended object to attended locations does not 
appear to affect detection, suggesting that observers attend 
objects and events, not spatial locations. 

If we relate the results of this study to the experimental 
situation used by Berry (1961) – described above – we 
can see that the task of controlling a model car’s position 
on a road on an endless belt would absorb a large part of 
each subject’s attention and it might not be unexpected 
that the subjects did not take notice of the colour of the 
light coming through the diffusing ceiling, despite its 
deliberate placement within their field of view.  Berry’s 
experiment, and other similar ones, occurred, of course, 
about 30 years before any major work on inattentional 
blindness was published; no criticism is intended.  What 
we do need to recognise, however, is that the results of 
many of such experiments need to be re-evaluated, and 
that the work on inattentional blindness needs to be 
taken into account in the design of any future studies. 
One further exacerbating factor can be noted.  Following 
from the quotation from Simons and Levin (2003) earlier 
in this section, these authors have noted that if outside 
memory is seamlessly integrated into perception, leading 
to the assumption that the visual field has been internally 
represented, then it should not be unexpected if people 
are found to overestimate the amount of information that 
they retain, or conversely the extent to which they are 
blind to unexpected and unattended stimuli.  In the 
context of change blindness, this has been called 
“change blindness blindness” (Levin et al 2000) and 
provides a salutary warning for the design of future 
experiments. 
By way of both suggesting a possible reason why there 
are limitations on our abilities to attend stimuli and 
provide more than a sparse internal representation of a 
visual field, and also providing a link to a broader area of 
study, it can be noted that researchers studying visual 
short term memory (VTSM) have found that the storage 
capacity of our VTSM is about four objects and are 
seeking explanations for this (Todd and Marois, 2004; 
Vogel and Machizawa, 2004).  It is found that mistakes 
are frequently made in more complex situations with a 
larger number of objects (a finding that is reinforced by 
other aspects of cognitive psychology which also throw 
up numbers in the range of three to four).  However, it is 
not yet clear if there is a link between the limits of VSTM 
and the limits on the number of objects that can be 
attended to at the same time.  Nevertheless, 
experiments in which the subjects’ attention was 
focussed on a specific task revealed that they could 
easily be deceived and overlook other, otherwise 
obvious, elements in the visual field that were outside the 
limited capacity of the VSTM.  VSTM varies from one 
person to another – the range of objects that can be 
successfully attended at one time is reported to be 
between 1.5 and 6 – and people with a greater capacity 
for holding images in their heads may have better 
reasoning and problem-solving skills. 
 
2.2. ‘Pure vision’ vs interactive vision 
Churchland, Ramachandran and Sejnowski (1994) have 

provided a forceful critique of the underlying orthodoxy of 
contemporary theories and research into “how we see”.  
They have labelled this orthodoxy the idea of “pure 
vision”.  On the one hand, they see it as having played a 
crucial role in underpinning and sustaining research 
activity with a set of shared assumptions which then 
serve as a basis for interpreting research findings.  
However, they also see this current orthodoxy as one 
which 

… embraces the very general idea that the business of the 
visual system is to create a detailed replica of the visual 
world, and that it accomplishes its business via hierarchical 
organisation and by operating essentially independently of 
other sensory modalities as well as independently of 
previous learning, goals, motor planning, and motor 
execution. 

They suggest that “pure vision”, thus described, is a 
fiction, while acknowledging that it has served an 
important role in the development of research and of 
theories of vision, in a similar vein to the role of the 
idealisations of “frictionless plane” and “perfect elasticity” 
in physics.  However, unlike these latter two 
idealisations, “pure vision” has the capacity to impede 
progress in vision research, in much the same way as 
the concept of the “indivisible atom” once obstructed 
progress in atomic and nuclear physics.  The alternative, 
they suggest, is to acknowledge  

… that systems ostensibly “extrinsic” to literally seeing the 
world, such as the motor system and other sensory systems, 
do in fact play a significant role in what is literally seen. 

In support of this contention, Churchland et al present 
experimental findings from visual psychophysics, visual 
attention, neuroanatomy and neurophysiology.  For 
example, they note the work of O’Regan (1992), referred 
to earlier, and of others which suggests that we can 
make do with only a sparse internal representation of the 
world, rather than building up a detailed representation.  
It is no surprise to them that an integration has been 
demonstrated to occur between visual and auditory 
information – “after all, we see dogs barking and 
drummers drumming”.  More specifically, they note that 
this type of integration occurs frequently when action 
may need to be taken – “that looks like a rock but it 
sounds like a rattlesnake”.  They propose that the 
evolutionary impetus to achieve such integration of 
sensory inputs has been driven by the basic need to take 
appropriate actions in order to survive, whereby 

… visual systems evolved not for the achievement of 
sophisticated visual perception as an end in itself, but 
because visual perception can serve motor control, and 
motor control can serve vision to better serve motor control, 
and so on. 

Complementing this link between integrated sensory 
inputs and resultant actions, they note the effect of 
experience and memory in determining just which 
elements of a visual field are likely to attract attention 
and those which may simply not be noticed.  While early 
attention determinants may have been solely survival-
based, the contemporary counterpart of this may be the 
focussing of attention on sensory inputs that are critical 
to performing a task successfully, and the more complex 
the task, the more focussed the attention will be (and the 
more likely that extraneous inputs will be ignored).  This 
would certainly explain the results of experiments on 
change blindness and inattentional blindness, and of 
environmental chamber experiments where one or other 
of these forms of “blindness” is likely to have influenced 
the outcomes.   
A link between integrated sensory inputs and survival 
actions may have been driven by the severity of the 
penalty if survival was not achieved, and a similar 
consideration (with less drastic consequences) may 
apply when people are dealing with an assigned or 
assumed task where failure affects their pride or sense 
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of achievement.  The complement to this situation is 
where the incentive of a reward triggers the integration of 
sensory inputs in the selection of appropriate actions.  All 
of this seems to be in accord with the common 
experience of having all one’s senses pricked when 
faced with a potentially dangerous or exciting situation.  
On the other hand, little of this (and perhaps none of this) 
suggests that such integration of sensory inputs need 
occur in non-stressful situations, although there may be 
some suggestion that integration could occur to heighten 
pleasure when that pleasure is derived as a reward for 
actions taken (such as the multi-sensory experience of 
attending a live orchestral performance in a packed 
concert hall).  The context-dependence of interactive 
sensory experience (whether it occurs at all and, if so, to 
what degree does each input contribute) seems to be 
well-demonstrated by Kearney’s (1966) finding that it is 
only under conditions of thermal stress that there is 
interaction between thermal and visual stimuli and that 
other factors influence environmental preferences under 
non-stressful conditions. 
One further aspect of Churchland, Ramachandran and 
Sejnowski’s (1994) paper can be commented on, to 
demonstrate the coherence of their argument and of the 
evidence they produce to support it, and also to provide 
a useful input to the discussion below.  If the rich-
representation model associated with “pure vision” is 
replaced by a sparse- or goal-relevant-representation 
model associated with “interactive vision”, the authors 
demonstrate how it is possible to argue that “much 
cognitive learning may well turn out to be explainable as 
reinforcement learning”.  This in turn leads to the brain 
being able to develop predictive sequences in which one 
action will provide the conditions that permit a further 
response, and so on, leading to an external reward.  
Each of the prior steps in the sequence can be 
associated with an internal reward, and on the basis of 
this internal reward system 

… the brain can build a network replete with predictive 
representations that inform attention as to what is worth 
looking at given one’s interests … [in terms of which each 
individual] comes to have an internal … relevant-to-my-
lifestyle world, as opposed to a world-with-all-its-perceptual-
properties. 

This model of cognitive learning supports the probability 
that individuals will have their own sparse internal 
representations of the visual world and suggests that 
these representations will be dependent on personal 
experience and what has been learned.  The model has 
been tested and found to provide a basis for 
understanding the results of experiments in visual 
perception.  It also suggests an efficient and effective 
brain in that a rich representation of the world would lead 
to inefficient use of time, space in the brain and energy.  
(Clark (2001) has noted the use of a similar economy in 
contemporary developments in robotics.)  And, finally, 
the interactive vision model has been found to provide a 
better basis than a “pure vision” model for the 
development of computerised scanning of data, such as 
in the machine reading of numerals on credit card forms, 
in the zip codes on mail, etc. 
 
3. ALTERNATIVE APPROACHES TO 
LABORATORY STUDIES 
 
3.1. The study of complex environmental responses 
The enhanced understanding of memory and awareness 
through research in cognitive science, and the 
development of such concepts as inattentional blindness, 
provides us with useful tools for re-evaluating the 
outcomes of earlier laboratory-based studies of people’s 
responses to environmental stimuli, and for developing 
laboratory techniques which overcome the deficiencies 

which might now be seen in many of those earlier 
studies.  Studies of both discrete responses to single 
stimuli and the more complex responses to multiple, 
interacting stimuli should be included.  Some of the 
results will need to be discarded but others will be found, 
despite deficiencies in procedure, to nevertheless yield 
valuable insights.  An example of the latter would be 
Kearney’s (1966) observations of the effect of stress in 
the environment on the likelihood of people’s responses 
to that environment being based, at least in part, on the 
interaction between different stimuli, rather than as a 
collection of discrete responses to independent stimuli.  
The use of climate chambers and lighting laboratories to 
study responses to a single stimulus, or just one stimulus 
at a time, remains valid within the terms carefully 
described by Petherbridge and Hopkinson (1950), while 
the direct application of data from such studies to the 
design of real interior environments remains fraught with 
the dangers revealed by the comparison of climate 
chamber studies with Humphrey’s (1975, 1978) analysis 
of field studies. 
Quite apart from the need to consider inattentional 
blindness in setting up laboratory studies of potential 
interactions between different stimuli, it is also important 
not to fall into the trap of assuming that there will be a 
linear relationship between the variables describing any 
pair of stimuli.  Non-linear interactions between 
components of a system (described well by Clark 
(2001:115)) might typically be represented by a sigmoid 
curve, with a strong negative or positive reaction from 
one variable to low or high (or vice versa) values of the 
other variable, while in-between values produce only a 
subtly-graded interaction.  (This may have been the 
effect detected by Kearney (1966).) 
If laboratory studies become focussed on extending our 
basic understanding of people’s interaction with their 
environment rather than with determining guidelines for 
the design of appropriate environments, then the studies 
will conform closely to the character of the glare studies 
undertaken by Petherbridge and Hopkinson (1950).  Of 
their own experiments, they wrote: 

The studies have been made mainly under idealised 
conditions, that is to say, there have been no specific 
visual tasks given to the observer during the course of his 
[sic] observations.  The advantage of experimenting 
under these conditions is that the physical factors are 
under control, whereas complications arising from a 
comprehensive range of working conditions are much 
more difficult to systematise.  The degree of discomfort 
which can be tolerated under specific working conditions 
forms part of a study of the glare problem.  It raises so 
many problems, however, that it was felt wiser to confine 
the present work to easily reproducible conditions, and, 
except in special cases, to consider the results obtained 
in relation to working conditions in the light of experience 
rather than of experiment.  Any further advances in the 
experimental field may be as much in the province of the 
experimental psychologist as in that of the lighting 
engineer. 

However prophetic the last sentence may seem in the 
light of the present discussion, the idea may need to be 
further expanded to embrace a more multidisciplinary 
approach.  Clark (2001:154–5) has proposed just such 
an interdisciplinary study of memory in both mind and 
machines and this could provide a model for the 
development of laboratory studies of people’s sentient 
interactions with their environments.  Clark wrote: 

Much of what matters about human intelligence is hidden 
not in the brain, nor in the technology, but in the complex 
and iterated interactions and collaborations between the 
two. … The studies of these interaction spaces is not 
easy, and depends both on new multidisciplinary 
alliances and new forms of modelling and analysis.  The 
pay-off, however, could be spectacular: nothing less than 
a new kind of cognitive scientific collaboration involving 
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neuroscience, physiology, and social, cultural and 
technological studies in about equal measure. 

 
3.2. Experts as laboratory subjects 
The use of laypeople as subjects in laboratory studies 
seems essential if the results of those studies are 
intended to directly form the basis of the design of 
conventional interior environments.  However, if the 
results are to have only an indirect application, there is 
the possibility of using experts as the subjects, and this 
possibility needs to be carefully considered.  Experts 
would have the in-depth articulation to provide a detailed 
account of their responses to simulated environments in 
laboratories, and an overview based on experience to 
enhance this account in the case of studies of the 
interaction between different stimuli.  Experts in design 
are also likely to have a greater capacity for holding 
visual images in their heads to support assessment and 
reasoning in complex interactive situations. 
Clark indirectly provides support for this strategy.  He 
argues (2001:37–38) that “fluent, everyday coping” 
cannot be reduced to a symbol string that could be 
loaded into a machine to achieve the same process and 
outcome.  While acknowledging that most people have 
developed “expertise” in many facets of everyday life 
(making a cup of tea, riding a bicycle, etc), there are 
many areas in which the novice can be differentiated 
from the expert (e.g. chess, where the “strategy” of a 
novice is heavily based on a series of rehearsed rules 
while an expert can distinguish tens of thousands of 
positions at a glance and choose a move “at a speed 
that effectively precludes conscious analysis of the 
situation”). 
However, the specific goals of an international game 
such as chess may provide a misleading example to 
follow in setting up studies of environmental responses 
which are dominated by subjective attributes such as 
“quality”.  A comparison of the evaluations of an array of 
alternative ways of lighting a simulated office space, 
provided by experts from North America, Europe, 
Australia and New Zealand, was remarkable for the 
“disagreement among the participants in general about 
the overall ratings of lighting quality” (Veitch and 
Newsham 1996).  Both high and low ratings were given 
to almost every design.  Agreement improved when the 
data from North Americans and non-North Americans 
were examined separately.  Subsequent interviews with 
the participants revealed some problems with the 
rendered images supplied of the nine simulated interiors, 
but cultural differences coupled with some significant 
differences in practice in the various countries were the 
most telling sources of differences in evaluations.  The 
authors referred to evidence in both psychological 
research and behavioural science research of 
differences between experts’ and laypeople’s knowledge 
and understanding of issues; in particular, that “lighting 
designers are also likely to disagree with their clients 
about what constitutes good lighting”.  The importance of 
obtaining a basis for design that focuses on the end-
users seems to rule out the use of experts and 
professionals as subjects in laboratory studies.  In their 
use of trained observers, Petherbridge and Hopkinson 
(1950) may have (again) got it right. 
 
3.3. Education: the expert in practice 
If the expert is an inappropriate subject in laboratory 
studies, the matter then becomes one of determining 
how the outcomes from those studies can best support 
the work of the experts in design practice, and of how the 
education of practitioners can enable them to make best 
use of this input.  These topics are worthy of their own 
significant discussion, but a few observations can be 

made, based on the preceding discussion and the 
referenced papers.  Firstly, the discrepancies and 
inconsistencies in current information on the interaction 
between different aspects of people’s sensory responses 
to their environment need to be resolved by a careful 
reappraisal of past experiments.  Secondly, the 
information that does get provided should not be (as 
much currently is) a set of guidelines that a novice could 
follow – a painting-by-numbers kit – but rather 
information that would feed into the experience and skills 
of the practitioner.  And thirdly, the education that these 
practitioners receive should ensure their ability to 
integrate these ongoing inputs from architectural science 
with their experience and into design practice.  In this 
respect, Schön’s (1983:137–140) comments remain 
valid: that practitioners build up a repertoire of images, 
understandings and techniques that can be brought to 
bear in each unique design situation, that each new 
experience in practice should enrich this repertoire, and 
that design education should set up the framework for 
this repertoire and the process for its lifelong 
development. 
 
CONCLUSION 
 
Recent research in cognitive science and neuroscience 
suggests explanations for many of the inconsistencies 
among the outcomes of laboratory-based studies of the 
way various stimuli might interact with each other in 
people’s sensory responses to their environment, 
necessitating a reappraisal of these outcomes and 
changes to the strategies for further studies. Some 
ongoing work in both cognitive science and neuroscience 
points to further cross-disciplinary implications and 
understandings and to the potential advantages of 
setting up multi-disciplinary approaches to these studies. 
The situation has clear implications for both design 
practice and the education of designers, and this 
consideration needs to be a factor in related research 
activities. 
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ABSTRACT: Technology advancement has had its effect on the construction industry. More and more 
buildings incorporate automated integrated services systems, which contribute to what is termed 

“intelligent buildings”. There is no formal definition for intelligent buildings but the increasing number of 
buildings in Malaysia, categorized as ‘intelligent’   instigated this research, which aims to highlight the 
problems associated with the management of the intelligent building. This initial research study seeks 
to: a) Identify ‘intelligent features’ of a building and how these match the needs of users; b) Identify the 
basic concept of facility management and how appropriate it is for the management of intelligent 
buildings. The paper is focused on the role of Facility Management in controlling and monitoring 
modern buildings provided with automated systems. Two case studies of major new buildings, 
recognized within the intelligent building category, are examined for analysis of their management and 

organizational structure. The findings have revealed that the concept of facility management is not 
generally understood and where the scope of work of facility management is covered the title is not 
adopted. 
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INTRODUCTION 
 

The Intelligent Building (IB) concept is on the increase 
and IB undoubtedly is the forward approach to new office 
buildings. The IB approach consists of automated 
integrated systems for various facilities and services, 
which are carefully planned, managed and maintained to 
ensure cost-efficient and effective operations in support 
of the organizations core functions. (Albus K., 2000). 
According to Yeang K. (1998), the reason for the 

adoption of the integrated systems is none-other than to 
ensure that energy can be thoroughly conserved, thus 
minimizing the cost of the building. In order to achieve 
the aim of the development and adoption of the systems, 
appropriate management planning and organization are 
necessary, specifically to manage all the facilities and 
services that are classified as ‘intelligent systems’. 
As the business of space depends on the facilities and 
services installed to support the building’ function, 

systematic management is required for the management 
of facilities. (McGregor W., 1999). Systematic 
management of facilities is seen as the best approach for 
administering and managing an intelligent building.  
The facilities and services provided in an intelligent 
building are based on the intelligent concept in which 
integrated and high-tech systems are being used to 
achieve total control of the facilities. 

The facilities provided for an intelligent building may be 
similar to those in a normal building, but the mechanical 
and electrical facilities in the former are being integrated 
and controlled through a computerized technology 
system. The system may be managed from one station. 
However, if a breakdown occurs, the building would be 
completely dysfunctional. Managers should therefore 
have a thorough understanding of the system and its 

operation. 

The combination of a sound understanding of the 
concept of facility management and of the complexity of 
technology systems is likely to produce good systematic 
management of the building. All criteria need to be 
clearly identified and defined for the automated 
integrated system to ensure that efficient and effective 
management is achieved in an IB. 
Most important of all is not to lose sight of the fact that 
the buildings and facilities are for the use of human 

beings, owners, occupiers, and operators. Management 
should be well adapted or designed to cater for the 
needs of people and be responsible for, and responsive 
to, their comfort, requests for service and quality of 
service.    
 
1. DEFINITIONS 
 

1.1. Intelligent building 
According to research by Jepson (www.fmlinks.com), 
intelligent buildings can be defined as:  
• A building that has features that enable and enhance 

the occupant’s business. 
• The enhancement may be in the form of financial, 

operational and strategic functions. 
• Providing optimum scale of comfort within the working 

environment, with the flexibility to cater for changes in 
technical business operations over the period of 
occupation. 

The intelligent building concept started to occur in the 
early 1980s.  According to Coagan, (2001), issues on 
‘Intelligent Buildings’ first appeared in publications 
concerned with mechanical and automation systems that 
made buildings more energy-efficient. Journal articles 

serving the telecommunications industry reported how 
advanced telecommunications systems increased 
efficiency in buildings and thus made them more 
‘intelligent’ and easily marketed. 
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Table 1: The development of intelligent building 
definitions (Low 1995) 

 Features Basic Concepts 

Traditional 
view  
1981–1985 

Building 
management,  
office automation, 

communication 

An IB is a collection of 
innovative technologies 

Enlightened 

view  
1986–1991 

Building 

management,  
office automation, 
communication, 

responsive to 
change 

An IB is a collection of 

technologies able to respond 
to organisation change over 
time 

Advanced 

view  
1992 

Building 

management,  
space management, 
business 

management 

An IB provides a responsive, 

effective and supportive 
environment within which the 
organisation can achieve its 

business objectives. The IB 
technologies are the tools 
that help this happen. An 

economic benefit is sought. 

 
1.2. Facility management   
The International Facilities Management Association 
(IFMA) gives the following definition: 

The practice of coordinating the people and the work of an 
organization into the physical workplace. 

A more explicit definition, (adapted from Barrett, 1995) is:  
An integrated approach to operating, maintaining, improving 

and adapting the buildings and infrastructure of an 
organization in order to create an environment that supports 
the primary objectives of the organization.  

The functions of facility management are wide and 
include the management of real estate, of finance, of 
change, and of human resources, in addition to services 
maintenance, domestic services, utilities supplies, 
security, safety and health and contract management - 
all of the non-core activities of the organization. Hammer 
J.M. (1998) has included the following functions; 

inventory management, programming, master and layout 
planning, project administration and implementation, 
purchasing co-ordination, maintenance planning, site 
management, overall systems coordination. It is a multi-
disciplinary function that involves many professionals in 
the decision-making processes, but as yet in Malaysia 
few are designated ‘facility managers’. 
 

2. FACILITY MANAGEMENT CONCEPT IN THE 
MANAGEMENT OF AN INTELLIGENT BUILDING 
 
The management of buildings should change to meet 

changes in business and technology. The introduction of 
information technology has changed the way buildings 
and facilities are designed and controlled and therefore 
these changes influence the way buildings are managed. 
Also the occurrence of knowledge workers and 
professional staff who expect high quality workstations 
and other facilities to enable efficient tele-working or 
virtual meetings, do challenge the performance needs of 

buildings, e.g. multi-cabling, trunking, integrated 
workstations, obsolescence, relatively dust free 
environments, etc.  
These needs together with the growing emphasis on 
more effective energy control and more efficient 
management of facilities are a few of the main reasons 
for the increase of Intelligent Buildings and for the 
growing use of the concept of Facility Management  

Facility Management is concerned with fulfilling the 
corporate strategies of the organization through the 
management of the support facilities required in order for 
the organization to attain its goals in relation to user’s 
needs. 

The facility management team must ensure successful 
integration of people, buildings and technologies in order 
to meet the total performance requirements of IB. The 
facilities provided must be coordinated to fulfil customers’ 

needs and ideally set up a single source to which those 
needs can be addressed.  Generally the integration 
would involve both organizational change and physical 
change. 
 

3. BENEFITS OF FACILITY MANAGEMENT 
 
Implementing a comprehensive facility management 
program should not only improve equipment and space 
utilization efficiency, but more important, should minimize 

the operational costs. Facility costs include initial 
development cost, operation costs, maintenance costs, 
moving costs, costs of furnishings and equipment costs. 
(Hamer, J.M.; 1998) has noted that all building capital 
costs are trivial in comparison to building operating costs 
such as wages and maintenance over time. This fact 
provides even more justification for reducing operating 
costs via a facilities management program, by so doing 

the facilities manager should be able to accomplish the 
following goals: 
• Develop more meaningful and accurate forecasts of 

future space requirements, reducing expenditure of 
resources. 

• The overall work environment improves, and a more 
functional, flexible, and cost-effective facility is made 
possible. 

• Interior planning, design projects and design 
components become standardized. 

• Space utilization efficiency improves etc. 
• Electrical, communication and similar services are 

distributed more effectively etc. 
Also facilities management has major commitment to 
achieve a balance in facilities strategies with corporate 
goals in relation to the needs of the user 

 

4. PROBLEMS IN THE MANAGEMENT OF AN 
INTELLIGENT BUILDING 
 

Earlier definition showed that the concept of intelligent 
building is continuously evolving. Therefore, the 
opportunity to implement new method and the 
incorporation of intelligent building technique into 
premises presents facilities managers with a series of 
performance challenges. Designers of buildings and of 
working environments must also anticipate the trends 
that will affect buildings during their expected life. 

Many previous researches have claimed that intelligent 
building based on technical systems could not succeed 
because of technical deficiencies in the systems. In 
addition, IBs did not provide in their buildings what the 
organization and people need. 
There was also an in-built assumption about what 
building users and organizations required from the 
building environment and other facilities such that these 

requirements were not provided by the automated 
systems, for example, organizations were required to 
change their operation to allow the use of computer 
systems rather than the computer systems being brought 
into support the operation. The present intelligent 
building approach basically represents a technologically 
centred idea, not a human-centred one. The following 
problems have been noted repeatedly in IB: 

i    Sensors not calibrated 
ii   Line connections between sensors and central 

management not functioning 
iii. Central computer systems not installed or not 
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operated as intended (lack of training). 
iv. Local controls not adjusted for the occupancy 
v.  Local sensors not corresponding with local controls 

due to frequent spatial or layout changes 

These problems become worse with current centrally 
managed environmental control systems that are unable 
to cope with the major changes in building functions, 
rapid changes in activities or rapid changes in exterior 
environmental conditions. 
The goals of intelligent buildings must provide comfort to 
the occupants and building users in terms of weather, 
lighting, noise, safety and flexibility in carrying out tasks. 

In order to attain effective building performance for 
building intelligence, it is necessary to know the effects of 
all these interacting factors. Adequate maintenance and 
management practices are therefore critical to ensure 
human needs are met and people are protected from all 
discomforts. 

 

5. CASE STUDIES 
 
5.1 Case Study 1, Petronas Twin Tower (PTT) 

 

 
 
Located at the junction of Jalan Ampang and Jalan 
Pinang, the building is the landmark of Kuala Lumpur. 
Completed in year 1997, the building was designed by a 
foreign architect, Cesar Pelli and features one of the best 
intelligent building systems in Kuala Lumpur, although 
the systems were designed 10 years ahead. 
 

5.1.1. Facility management concept 
The Facility Management of PTT works on the basic 
concept on providing quality facilities and services for the 
occupants of PTT premises. The quality value that to be 
achieved is mainly emphasised by the integrated 
intelligent building system. In this case, the management 
organization placed concern on satisfying the occupants 
through reliable and flexible management on all aspects 

under the scope of the Building Control System (BCS).  
Thus, enhancement on the relation of occupants and 
process, valuation and contract procedures are taken 
seriously into consideration. This is achieved throughout 
the establishment of the management policies as 
guidelines for carrying out the monitoring and control 
system of the facilities offered for the tenants. Basically, 
the functions of facilities management cover the scope of 
building operations and functions and facility planning. 

As explained, the planning of the intelligent building system 
had been designed some 10 years ago. Given such long-
period, BCS management is now at the stage of 
implementing and executing long-term planning and life-
cycle costing to meet the changing trends of the IT, also for 
demands and requirements of the occupants and for 
developing the scope, functions and structure of the existing 
organization that is responsible for the running of the 

intelligent system. 
Due to security-control needs, the Security System 
Control Room cannot be entered by anyone except by 
those who are directly employed by the building owner, 

which is PETRONAS.  
 
5.1.2. Intelligent system 
Intelligent systems for the PTT is defined as the various 
types of integrated services that are considered as the 
communal services that are provided using modern 
computer networking technology. The systems are 
planned to be interfaced to attain both the safety and 

functional operational requirements of the development. 
The four special systems installed as intelligent features of 
PTT comprises of the following systems: 
• Building Control Systems (BCS) 
• Fire Alarm Systems (FAS) 
• Building Security Systems (BSS) 
• Building Telecommunications Facilities 
The Building Control System (BCS) for the PTT building 

project is designed as a state-of-the-art system with BCS 
Operator Workstations located in Building Operations 
Rooms (BOR) throughout the development. The BCS is 
a Direct Digital Control (DDC) system having a fully 
distributed processing capability such that control 
functions are totally independent of. the Operator 
Workstations. The reason for adapting an independent 
system is to ensure that any lack of supervision in the 

workstations would not affect the efficiency of the 
integrated system’s operations. Figure 1, shows the 
types of services monitored from BCS. All 3 types of 
building systems are controlled and monitored by KLCC 
Urusharta through the uses of BCS except for the 
Building Security Systems, which are managed by 
PETRONAS due to confidentiality and security 
measures. 
 

 
Figure 1: Types of services controlled by Building 

Control System. 
 
All intelligent systems provided operate during working-
hours only, which is from 9 a.m until 5 p.m. except for the 
security system. Demands on service systems after 

working-hours can be demanded and requested from the 
Tenant Service Department. 
 
5.1.3. Facilities Management Organisation 
The integrated system is administered and managed by 
2 departments. The head of the property department, 
which is known as KLCC Urusharta, is led by a Senior 
Manager with help of the Building Managers, employed 

separately to manage the 2 towers. Each Building 
Manager has his own team that comes with various 
scopes of work. Each tower, comprises sub-departments 
or sections which are as follows: 
• Housekeeping 
• Civil and structural 
• Mechanical and electrical 
• Security  

• Maintenance  
• Building System 
Figure 2, depicts the organization structure of KLCC 
Urusharta, showing the sub-departments and scope of 
works that are under the responsibility of the department. 
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Figure 2: Organisation structure of KLCC Urusharta. 

 
Intelligent features of the building are directly monitored 
from the workstations and this control room is under the 
management of the Building System Manager. The 
Building System Department comprises 5 sections and 
each carries out different tasks and responsibilities, the 
main role is to monitor, to control and to manage the 

intelligent systems provided for the building occupants. 
The scope of work for this department is divided into 5 
sections, as follows: 
• Tenant services department 
• Filing department 
• Safety department 
• Building control system 
• Cabling 

The main responsibility of the Building Control System 
Department is to carry out the management, 
administration and the operational tasks. Breakdowns 
that occur on any system will be recorded and the 
documents will then be sent to the Maintenance 
Department. The role of the Maintenance Department is 
to provide services as the means of managing 
contractual matters in which maintenance works are all 
outsourced to external contractors. Other responsibilities 

of this department are to supervise and to record the 
maintenance works done by the external contractors. 
Tenant Services Department handles tenants’ requests, 
billing for services used by the tenants, property and 
asset management as well as other promotional 
activities. The Filing Department manages all documents 
related to the systems used and the billing of the tenants. 
Safety Department monitors, plans and executes 

policies, audit and emergency responses. The Building 
Control System monitors and controls all troubleshooting 
as well as keeping track record on the maintenance 
works and the status of the integrated systems while 
Cabling Department executes analysis and research on 
the cabling and networking of the integrated system. 
 
5.2. Case Study 2, Central Plaza 

 
Completed in 1996, Central Plaza was one of the first 
intelligent buildings to be built in Malaysia. Located in 
Jalan Sultan Ismail, Kuala Lumpur, Central Plaza is 
owned by Malview Sdn. Bhd. This prestigious office 
building was designed by one of the renowned architect, 
Ken Yeang, an intelligent building system was installed 
to cater to the customers’ needs and demands. The 

‘high-technology’ intelligent system adopted meets the 
‘hi-tech’ look of the building. Central Plaza is one of the 
earliest buildings in Kuala Lumpur that features 
developed intelligent building systems. 

 
 
5.2.1. Facilities management concept 
The main concern of the facility management in the pass 
was to provide a sophisticated Integrated Building 
Management System, endowed with tenant-friendly 
features. The management of facilities is directed 

towards satisfying occupants’ needs while at the same 
time minimizing the operational costs of the building by 
adopting an environmental considered design and 
features. Based on this concept, the management offers 
reliable and flexible services with the support of a 
Building Control System as the means of automation for 
all integrated systems that are equipped to complete the 
building functions.  Basically, the functions of the facility 

management cover the scope of building operations, 
functions and facility planning. 
 
5.2.2. Intelligent systems 
The buildings are equipped with intelligent features that 
are dubbed as ‘tenant-friendly features’. The intelligent 
features comprise of facilities and services purposely 
installed to accommodate the needs of tenants, which 
are as follows: 

• Air-conditioning system with variable air volume and 
automatic temperature control.  
• Fire fighting system with remote linkage to Fire Station 
• Latest security system with CCTV, access card, panic 
buttons and door sensors. 
• Standard cleaner office air environment complete with 
filter system and carbon dioxide monitoring system 
• High speed lifts  

• Computer riser ducting 
The Integrated Building Management System comprises 
of Integrated Building Automation System (BAS) and 
Security System which function as the medium of 
controlling and monitoring the building services. BAS 
controls and monitors the air-conditioning, ventilation and 
public electrical systems while the Security System 
consists of CCTV, door sensors and duress switches. 

Dual Tone Multiple Frequency (DTMF) cabling system is 
installed to provide remote linkage that benefits both the 
occupants and the management. Figure 3, depicts the 
types of intelligent systems provided in Central Plaza. 
 

 
Figure 3: the structure of intelligent features that are 

controlled and monitored by the IBMS. 
 
The integrated systems operate during working-hours 
only which are from 9 a.m. until 5 p.m. except for the 
security system.  Remote telephone dial-up command is 
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installed at each floor level as an intermediate 
communication for the occupants and the management.   
 
5.2.3 FACILITIES MANAGEMENT ORGANISATION 

The Property Management Department of Central Plaza 
administers the management of the integrated system. 
The head of the property department is the Building 
Manager. The team is comprised of the assistant building 
managers, building supervisors, technicians and 
automation system’s operators. An in-house 
management of the building has been established. 
Facilities management is a part of the scope of works of 

the Property Department of Central Plaza. Basically, the 
scope of work is under the responsibility of the following 
departments: 
• Property Management 
• Building Operation and Services Management 
• Maintenance  
• Security Management. 
The intelligent features of the building are directly 

monitored from BCS.  Complete with workstations, this 
BCS, which is known as IBMS, monitors and controls the 
following features: Security System and Integrated 
Building Automation System. The scope of work for this 
department as explained above is divided into 5 sections, 
as follows: 
• Tenant & Billing Services 
• Filing and Documentation  

• Security System 
• Integrated Building Automation System 
The main responsibility of the IBMS is to provide and 
integrate the facilities management of the services 
installed in the building.  Breakdowns that occur in the 
integrated system will be recorded and the maintenance 
works are all outsourced to external contractors.  
 

6. ANALYSES. 
 

The case studies were examined to determine the extent 
that facility management is established as a concept 
within the management structure, and how the concept is 
applied to the management of the operations of 
intelligent features and associated technologies. 
The first step was to identify the intelligent features 
installed and used in the case studies. 
The second step involved an analysis of the organization 
structure for the management of the intelligent features 

including the control and monitoring methods adopted. 
The findings identified were as follows:  
a) The management of the facilities in each of the case 
studies covered two primary functions, namely: 

Building operations and maintenance. 
Facilities planning.  

b) The Control of the services in the Twin Towers is 
achieved through a separate Building Control System in 

each tower. The Control of the services in the Central 
Plaza is handled by an integrated Building Management 
system from one Building Control Systems Room.  The 
methods of automation of the intelligent system are the 
same for both buildings and comprises the following: 

Systems integration 
Centralized monitoring  

The systems are much the same because it was the 

same IT consultant for both buildings. Central Plaza, the 
older building has been improved as new systems came 
on the market.           
c) Security: For confidentiality and security reasons the 
security system for the Twin Towers is separated from 
the integrated Building Control system, whereas the 
security system for Central plaza is part of the Integrated 

Building Management System. 
d) Working hours: the integrated systems in each of the 
case study buildings operate only during working hours 
from 9 a.m. to 5 p.m., with call-up provision after working 

hours. It poses the question ‘does the system govern 
what is offered rather than designed to meet the needs of 
the users?’ 
e) Aims; the management at Central Plaza aims to 
provide tenant-friendly features and satisfies occupants’ 
needs. At Twin Towers, the management aims to ensure 
zero breakdown operations that can satisfy the 
occupants. It would appear from these statements that 

the aim of management of the Twin Towers is not 
directed at primary level to what users want but is simply 
to satisfy them that there will be no breakdowns. On the 
other hand, the aims of management in Central Plaza 
are more directed to tenant and occupier needs 
f) Maintenance management strategies: Maintenance 
work is all outsourced, as is the preparation of the 
maintenance programs. How well is this managed and 

controlled and by whom? 
Maintenance Manuals are prepared and used by the 
departments as a basic guideline to evaluate the works 
done by the contractors. But perhaps we need more 
professional inspection and control in this area. 
g) Facility Management: The enlightened term of facility 
management is not used in either organizational 
structure at present, although it is noted that the 

management is in the process of improving the structure. 
There appears to be little identification of core business 
from that of non-core support functions to achieve the 
goals of the organization. 
h) IB: The early definitions of IB were more concerned 
with energy efficiency and economic review but are now 
moving more towards user comfort needs. 
 

CONCLUSION 
 

• The aims of management of the Twin Towers should 
reflect more on user needs. 

• The concept of Facility Management could enhance the 
management of IB. Much emphasis is placed on the 
efficient operation of the various IT systems rather than 
on how these relate to the needs of the users. 

• It is likely that the managers of facilities in IB need to 
have a higher-tech profile than for normal buildings and 
this appears to be the current trend in Facility 

Management. Perhaps we need to review the nature of 
education and training in facility management.  

• The level of IB has not been clearly defined so it is 
difficult to establish what constitutes an IB. However the 
rapid uptake of automated integrated systems, more 
related to user needs is likely to result in a more 
defined position to identify IB. 

• Facility management is proving difficult to establish in 

Malaysia possibly because it too lacks precise 
definition. Many companies and firms offer the 
management of facility in only one or two specialist 
areas like safety and security, or in maintenance, 
whereas the concept of facility management is holistic, 
concerned with the strategic management of built 
facilities associated with all non-core functions which 
support the organization’s goals. 

• The organization should clearly identify its core 
function, for example, in the case studies examined the 
letting leasing and marketing of commercial space 
units, and then identify the primary facilities that support 
these core functions. 

• The needs of the users and of the organization can 
change rapidly and the management of change 
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requires careful consideration and planning, particularly 
within IB where developments in a high–tech 
competitive world can be far-reaching and costly. The 
management of buildings under study is facing such a 

dilemma. To maintain a competitive advantage, the 
latest technologies and management structures need to 
be continuously reviewed and adopted to give optimum 
performance. The strategic role of facility management 
and its dependence on the human capital of the 
organization, rather than on cost reduction and 
operational tactics, is the way forward. 
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ABSTRACT: Building intelligence is the result of a responsive feedback loop in which buildings have 
the capacity to sense information and transform that data into a meaningful representation for its users. 
Sensate spaces are responsive environments enabled by embedded sensor technologies. This paper 
explores the application of data from sensate spaces to generate ambient visualisation and sonification 

to create an informative display reflecting the social and spatial activities of its occupants. Much 
attention has been given to designing those innovative materials, embedded sensors and intelligent 
furnishings capable of capturing data derived from human behaviours and interaction. This paper 
provides a strategy for representing the data gathered from sensors embedded in the fabric of 
buildings in a socially reflective and informative generative design. Preliminary discussion explains 
current sensate technologies and the ways in which building intelligence is augmented. Active 
(performative) and passive (embedded) sensor technologies are compared, regarding expediency for 
capturing data in buildings. Considerations are presented for mapping data to a representation that can 

be easily understood and aesthetically sustainable in human-centred building innovation and ambient 
displays.  
 
Conference theme: Computers and architecture 
Keywords: building intelligence, sensate spaces, visualisation, sonification 

 
 

INTRODUCTION  
 
Data captured in buildings can be used for two purposes: 

intelligent responsive actions and automated processes,  
(e.g. automatic doors, emergency and surveillance 
responses, adjusting lighting, etc.); and for monitoring 
and displaying an interpretation of the data. This paper 
investigates the potential for providing ambient displays 
(infotainment installations) informed by social and spatial 
activity in a building. Social activities include clustering, 
flocking and interaction between people, indicating areas 
of flow and transition, interesting areas where clusters of 

people congregate and hubs for utilities. Spatial data 
refers to information about user locations, the number of 
people, and proximity to specific objects, walls or regions 
of interest. A system of generating responsive 
information in real time invokes further user interaction 
and provides a recursive, reflexive system. Ambient 
displays, in this context, are intended to provide 
information feedback in an aesthetic and decorative way 

that augments and enhances both the visual and sonic 
interior of a space and our understanding of its 
functionality in social and spatial terms. This paper 
explores using a generative (growing and transforming) 
structural design process rather than a fixed, constant 
set of representational rules, in order to sustain interest 
and engagement for an ongoing ambient display. Some 
works by other artists/scientists are considered, both to 

analyse their mapping efficacy and approaches to 
sonifying/visualising abstract data for public spaces. 
 
 
 
 
 

1. SENSATE TECHNOLOGIES AUGMENTING 
BUILDING INTELLIGENCE  
 
1.1. Active and passive sensing  
Active sensors require conscious, deliberate interaction. 

These include bend, motion, gyroscopic and velocity 
sensors attached to limbs, pointer devices, 6-degree-of-
freedom mice (computer mice or pointers that convey 3D 
directional movement, rotation and velocity), haptic (i.e. 
tactile) interfaces, stereo 3D vision or gesture tracking. In 
an art installation context, these sensors are 
performative interface devices. Performative sensors are 
often attached to a participant’s body for wireless 

communication and provide indications of deliberate 
movement, indicative of individual activity. In contrast, 
inconspicuous, unobtrusive, embedded or passive 
sensing captures data without the user needing to 
change behaviour or consciously interact with the space, 
e.g. pressure sensitive floor mats, video tracking, infra-
red sensors, temperature, proximity and ultra-sonic 
sensors. Passive sensing is optimal for sensate 

intelligent buildings in which people should continue their 
everyday tasks with the additional advantage of smart 
feedback, an environment capable of learning (with 
Artificial Intelligence) and reflexive ambient display. 
Embedded sensors are optimal for capturing data about 
groups of people such as flocking and the number of 
users. 
 
1.2. Hardware and software configuration  

This research uses pressure sensitive mats and simple, 
inexpensive light, proximity, temperature and other 
sensor devices. The information is transformed into 
ambient (auditory and visual) visualisation reflective of 
occupant behaviour using Max/MSP + Jitter (Software, 
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2003), a visual interface for object oriented environment 
programming to process sound and video (graphics) in 
real time (Fig.1). Mapping correlations between actions, 
representation and the generative design process are 

discussed in following sections. Max/MSP is used to 
control the input and generative output activated by 
users’ movements on pressure mats, via Teleo module 
interfaces (MakingThings, 2003) in the Key Centre of 
Design Computing and Cognition (Faculty of 

Architecture, University of Sydney) Sentient Lab. In 
addition, a Kroonde wireless receiver with 16-sensor kit 
allows sensors to be attached to people for performative 
sonification evaluation. These sensors can detect flex, 

orientation, gyroscopic rotation and speed, as well as 
pressure and position, adding sonification parameters 
involving motion and velocity in a space.  
For experimental purposes, the following Max/MSP 
patches have been developed:  

 
Figure 1: Configuration of sensate system indicating input from digital pressure sensor mats (and other sensor 
devices triggered by user interaction – button, infra-red, piezo pressure detection, temperature, light-sensitive 

photocells, proximity, RFID tags) that provide data for the generative process.  
 

 
Figure 2: Max/MSP main patch in which sensor input from pressure mats trigger colour alteration according to 

position, branching formation according to activity, distance, speed and generative Lindenmayer system for creating 
branching visualisation design.  

 

 
Figure 3: L-system generator patch in Max MSP used to create branched visualisations on screen. Different 

behaviours modify the algorithmic process of design generation. The two examples (left) show the changed outcome 
achieved by using different variables to determine the length and shape of branches in the visualisation.  
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• to transform colour according to position (pitch density 
and frequency)  

• ChangeColourSend patch for responding to each 
pressure mat trigger  

• FloorSimulationMatrix patch to represent and simulate 
pressure mat activation during testing and construction 
of the generative process  

• the FootpadCounter patch which measures activity and 
can track events to sets of footsteps  

• the FootpadDistance patch calculates the distance 
between concurrent footsteps – indicative of user 
interactive energy and affected by the number and 

position of users; the L-system patch produces an 
output string in response to a pressure mat input “bang” 
(and a sub-patch to keep track of progress of the 
generative system)  

• the L-systemGenerator patch, simplified to a few 
generation functions due to the string processing power 
of Max/MSP  

• the TimerL-system patch measures the speed of 

footsteps  
• the Turtle patch translates the L-system output into 

graphic visualisations on screen  
• the MainConnected patch sends input from pressure 

sensors; and the Main patch (Fig. 2) that controls which 
messages are sent to patches, and which embodies all 
other patches. Implementation is seen in Figure 3.  

 

1.3. Augmenting building environment design  
Enabling buildings with responsive, “understanding” and 
feedback capability facilitates flexibility and access to 
environmental comfort, navigation for the visually 
impaired, building awareness, gerontechnology 
(technologies assisting the elderly), and automated and 
augmented tasks for the physically disabled. 
Nanotechnologies embedding minute sensor 
technologies in furnishings, surfaces and pre-fabricated 

building materials - facilitate localised sensate regions 
and unobtrusive (wireless) distributed networks for 
information collection. While beyond the scope of this 
paper, intelligence and learning capabilities also 
transform household and commercial products that we 
use within our everyday spaces, contributing to the 
picture of our increasingly responsive environment. An 
example developed in the KCDC Sentient Lab 

demonstrates an iterative, reflexive system of interaction 
in which motion, speed, number of users and position in 
a space (captured by pressure mats under the carpet) 
determine the growth of a visual design drawn with a 
Lindenmayer generative algorithm (L-system) (Fig. 3). 
The design provides both an informative monitor of 
social and spatial behaviour and invokes users to 
interact with their space to influence their artistic 

surrounds. A second example uses spatial sonification to 
assist obstacle detection and navigation by visually 
impaired users. Changes in the auditory display 
communicate information such as proximity to objects 
and the relative hazard of obstacles in the room using a 
pressure sensitive floor mat detection system and 
aesthetic sonification. Sensing technologies provide 
clear potential for improving building accessibility.  

 

2. MAPPING ENVIRONMENT AND BEHAVIOURAL 
DATA TO AMBIENT RESPRESENTATIONS  
 

2.1 Motivation  
In practice, real time responsive display is central to 
designing interaction. Evolutionary (somewhat 
unpredictable) designs have the potential to trigger 
emergent, novel design outcomes that further motivate 

interaction with the spatial system. The curiosity factor 
provided by generative design can be applied to 
visualisation or sonification or both. Sonification has a 
powerful capacity to create/focus attention alongside 

everyday activities, ideal for ambient display. Inadequate 
consideration has been given to sonification mappings in 
real time for representation in unlearned systems 
especially compared with the vast field and relative 
maturity of information visualisation. Ambient display 
depends on relatively intuitive recognition and 
comprehension of its communication and connection 
with interaction. 

 
2.2. Mapping  
Mapping is the process of representing non-visual and 
abstract information (for example, the number of people 
in a space, motion, temperature, light levels) in the 
sonification and visualisation display. Mappings between 
activities and their representation are critical to the 
understanding (comprehensibility) and social interest of 

the sonification/visualisation. This paper examines 
mappings of meaning and interaction to ambient display 
(visualisation or sonification). It considers the relations 
between spatial/social activities and visual and sonic 
(musical) representation. The correspondences between 
levels of activity, spatial distribution of people, number of 
people, other social attributes and sonic characteristics 
(e.g. pitch, intensity, rapidity, pulse, harmony) and the 

correspondences with visual metaphors (Beilharz and 
Reffat, 2003) (colour, distribution in space, patterns and 
design growth) form the basis for connecting building 
intelligence with ambient display. The following table 
(Table 1) maps a high-level framework for 
correspondences between auditory and visual 
representation with the environmental conditions or 
activities that trigger the response. This table maps 
broad correspondences between social/spatial activities 

and using an algorithmic process for generative 
sonification.  
 

Table 1: Sonification schema of correspondences 
Sonification  Visualisation  Activity /Trigger  

Pitch 

(frequency)  
Length/scale/scope of graphic 

display on screen  
Distance between activities / 

motion  

Texture/ 

density  
Density of events /number of 

branches or iterations of 

generative algorithm (embeds 

history by amount of activity)  

Volume of activity, number of 

users and social threshold  

Rhythm/ 

tempo of 

events  

Proximity and rapidity of 

display (animation)  
Speed of actions, punctuation 

of triggering events, tied to 

velocity of events  

Intensity 

/dynamic 

loudness  

Heaviness and distinction of 

onscreen drawing  
Intensity/magnitude of 

triggering events  

Timbre (tone 

colour)  
Colour and distribution on 

visual display (screen)  
Region/spatialisation – 

topology, zoning  

Harmony  Design artefact  Multi-user manipulation  

 
The connections are intended to be semantically intuitive 
or metaphorically logical creating a system of 
representation that is easily understood without learning 
complex relationships. Comprehensible representation is 
consistent with the immediacy required to stimulate 
interaction. There is a natural inter-relationship between 

activities and sonification, for example, it is likely that 
multiple users (compared to a single user) will likely 
more spatial regions and activates an increased number 
of triggers (speed and density). This overlapping or 
blurring of mappings (orthogonality) is a realistic mirror of 
the interactive experience.  
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Responsive generative ambient auditory display 
requires: an aesthetic framework that is sustainable and 
listenable; a generative approach that maintains interest 
and engagement – invoking interaction and ongoing 

relevance; and a schema of correspondences between 
social/spatial activity and sonification that lends 
immediacy and intuitive understanding 
(comprehensibility) through its network of mappings. 
 
2.3. Mapping to a generative design process  
Most informative sonification models map data directly to 
a fixed value in the display. A distinguishing feature in 

this approach is mapping time-based activities to a 
generative algorithm that will simultaneously represent 
actions and produce a growing, evolving design in order 
to maintain a dynamic design display and interest over 
time. Not only does this approach embed a “memory” or 
“history” of the activity that led to the moment, but it 
provides an auditory display that is sustainable due to its 
constantly changing state and curiosity. Ambient displays 

are intended to inform and enhance an environment. 
Such installations require aesthetic “freshness” that will 
be provided by generative design (Beilharz, 2004b; 
Beilharz, 2004c; Beilharz, 2004d). 
 
2.4. Relatedworks using generative design 
processes  
The foundation for utilising generative processes in 

responsive visualisation/sonification has been laid in the 
heritage of (art) installation works that use generative 
processes to create designs and in those that use 
generative and evolutionary (or genetic) algorithmic 
processes to respond directly to interaction. Algorithmic 
design includes many stochastic and serial 
methodologies as well as those algorithmic techniques 
pertaining to genetic transformations or other generative 
elaborative processes, such as the cellular automata 

(Johnson and Trick, 1996; Skiena, 2003). In the broadest 
sense, algorithmic generation incorporates all classes of 
solution-generating algorithms, including linear functions, 
network growth and fractal algorithms; those based on 
genetic evolution (Kreveld, Overmars, Schwarzkopf et 
al., 1997; Skiena, 1997); and Stochastic processes, e.g. 
applied to musical composition and architecture by 
Iannis Xenakis (Beilharz, 2003b; Xenakis, 1971). 

Algorithmic generative systems have been used by 
designers and artists as diverse as Brian Eno, Francois 
Morellet, Simon Penny (Jalbert, 2003) and Marvin 
Minsky (Minsky, 1981; Minsky, 2003).  
Contemporary media artists, Christa Sommerer and 
Laurant Mignoneau (p.297) (Grau, 2003; Whitelaw, 
2004) build on the alliance between art, nature and 
technology using natural interfaces and Artificial Life (“A-

Life”) (McCormack, 2003) and evolutionary imaging 
techniques. These allow people to interact with natural 

spaces and patterns (exotic worlds of luxuriant plants, 
swarms of butterflies, microcosmic organisms, growing 
ecologies) applied to installations. Jon McCormack’s 
Future Garden (McCormack, 2003) is an installation 

displaying patterns generated using the algorithmic 
technique, cellular automata, also utilised by Creativity 
and Cognition Studios sound designer, Dave Burraston 
(Burraston, 2003) to produce a continuous stream of 
permutations and evolving generative designs. 
McCormack’s Universal Zoologies (Fig. 4) is an 
interconnected series of autonomous, self-generating 
spaces. Eden -a networked self-generating sonic 

ecosystem environment, and Future Garden - an 
electronic “garden” of Artificial Life as part of the 
Federation Square development in Melbourne, represent 
installations of generative processes in large-scale 
publicly interactive spaces (Bandt, 2004; McCormack, 
2003). Successive generations of artificial fauna tend to 
become more complex. Bernd Lintermann’s 
SonoMorphis (ZKM, Karlsruhe, 1999) involves user 

interaction to perpetuate the 3D mutation process. In 
building design and architectural processes, generative 
algorithms have been designed to provide multiple 
interpolations, i.e. for idea generation, e.g. Michael 
Rosenman and John Gero ‘Evolving Designs by 
Generating Useful Complex Gene Structures’ (p.345-
364) (Bentley, 1999) for generating house shape designs 
using different room configurations. 

 

 
Figure 4: McCormack’s Universal Zoologies is an 

interconnected series of autonomous, self-generating, 
poetic spaces that are navigated by people experiencing 

the work. The project aims to represent emotive, 
abstract, artificial life digi-scapes, each based around a 

thematic metaphor evoking the qualia of the natural 
world (McCormack, 2003). 

 
2.5. Related sonification mapping  
Following are some examples of designers who have 
sonified data for artistic installations and exhibitions 
(Beilharz, 2004a) (Table 2): 

 
Table 2: Sonification as art 

Fabio Cifariello Ciardi’s sMAX: A Multimodal Toolkit for Stock Market Data Sonification sonifies data from stock market environments, in which large numbers 

of changing variables and temporally complex information must be monitored simultaneously. The auditory system is very useful for task monitoring and 

analysis of multidimensional data (Fig. 4).  

MarketBuzz is another sonification of real-time financial data, in which the authors claim, “auditory display is more effective and consistent for monitoring 

the movement of volatile market indices” (Janata and Childs, 2004). This system requires user training and serves as an indicator more than an aesthetic 

ambient display.  

Andrea Polli – Atmospherics/Weather Works. A number of artists and scientists have sonified meteorological data. In Atmospherics/Weather Works, Polli 

uses sonification because it has the potential to convey temporal narrative and time-based experiential and emotional content that enhances perception 

(Fig. 5).  

Garth Paine’s responsive installation sonifications include Reeds – A Responsive Sound Installation and PlantA, an installation at the Sydney Opera House 

during the Sonify festival (part of ICAD: International Conference of Auditory Display 2004) using a weather station to capture dynamic non-visual data 

measurements. Wind velocity, direction, temperature and UV level from outside the installation space conveys that data wirelessly to Paine’s (art 

installation) sonification inside the building (Paine, 2004).  
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Figure 4: The composer/sonifier with the hardware 

configuration and part of sMax visual display.  
 
In contrast, the proposed methodology takes information 

that is current and relays its sonification in real time to 
the environment that is both its source and its display 
context. It is a unique integration of sensing technology 
and the data it produces about social and spatial activity, 
rather than material sourced from a disparate context, 
location or time.  

 
Figure 5: Sketch showing the approximate geographical 

location of each of the model's data points. The floor plan 
is superimposed over a map of the US East Coastal 
region hardest hit by the two storms. Each relative 

speaker location was mapped to a geographic point 
(Polli, 2004).  

 

3. AESTHETIC CONSIDERATIONS FOR 
AMBIENT DISPLAY  
 
3.1. Towards aesthetic and engaging ambient display  
Ambient displays serve several social functions: 

entertainment and décor, relevant and dynamic artwork 
for social public spaces and providing informative 
feedback to users. Interesting and useful applications of 
building intelligence are increasingly relevant as sensors 
and smart surfaces become less expensive, ubiquitous 

and increasingly “intelligence” is integrated into building 
materials and devices. Designing the user experience is 
part of understanding the lifecycle of the environment, 
contributing to healthy workplaces, technical innovation 

and integration of building technologies. Scientific 
sonification or visualisation of abstract data is usually 
designed to illuminate or augment our understanding of 
abstract (usually non-visual) data. There are contexts in 
which sonification is more helpful than visualisation: 
utilising the human auditory capacity for detecting subtle 
changes and comprehending dense data; and to avoid 
overload on visual senses, e.g. during surgery, 

anaesthesiology, and aircraft control. These applications 
of visualisation and sonification contribute to our 
understanding of well-known issues, particularly in 
regard to sonification: "orthogonality (Ciardi, 2004; 
Neuhoff, Kramer and Wayand, 2000) (i.e. changes in 
one variable that may influence the perception of 
changes in another variable), reaction times in 
multimodal presentation (Nesbitt and Barrass, 2002), 

appropriate mapping between data and sound features 
(Walker and Kramer, 1996), and average user sensibility 
for subtle musical changes (Vickers and Alty, 1998).” 
This paper views visualisation and sonification as 
infotainment for monitoring and display in public spaces, 
designed to augment, enhance and contribute artistically 
(as well as informatively) to our experience of spaces, 
e.g. a foyer, sensate space, common room. Aesthetic 

representation and accessibility (comprehensibility) 
directly influences the perception and reception of a 
work. Granularity or magnification (pre-processing, 
scaling and density of mapping and data sonification) 
also affects our ability to comprehend the representation 
(Beilharz, 2004a). Thus ambient visualisation and 
sonification in buildings merges informative information 
display with entertainment (infotainment or informative 
art) bringing a new versatility and purposefulness to 

graphical and auditory art in our homes, work place and 
public spaces. This is where the established practice of 
installation art works meets domestic infotainment.  
 
3.2. Musical inspirations for sonification  
To cite some sonifications developed for scientific 
informative purposes, (e.g. Interactive Sonification 
Toolkit for analysis of large general data sets tested with 

helicopter flight data (Hunt, 2004); sonifying EEG data 
(Hinterberger, Baier, Mellinger et al., 2004); sonification 
of geo-referenced data (Zhao, Plaisant, Shneiderman et 
al., 2004)) the mapping of data to sound is either a) 
immediately clear and literal or b) a complex new 
language/codification that must be learned in order to be 
able to interpret the system but, above all, c) not the 
quality and characteristics of sound design that would be 

desirable and sustainable within the framework of 
infotainment or ambient display, in which musical 
qualities of variation and interest are pertinent 
characteristics critical to social acceptance and the 
additional aesthetic agenda of ambient display. 
(Sonifications can commonly consist of plain sound 
samples, alerts, earcons, and digital amplification of 
graphical waves). While the constitution of sonically 

appealing, or simply acceptable, sonification remains 
subjective and, to a degree, individual (just as for 
visualisation), we can reasonably assume that interest 
and variation concurrent with achieving the goal of 
communicating information, enhances potential social 
acceptance and ambient display sustainability. To this 
end, a generative system provides aspects of interest, 
curiosity, novelty and change while retaining the rules of 
sonification (codification) that embed meaning (see 
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Table 1: Sonification schema of correspondences 
above). Further, the quality of sound generation and 
sufficient complexity (representation of rich data across a 
number of parameters) are measures the sonifier can 

implement to position an ambient display more closely to 
“music” or meaningful sonic communication than to 
“noise”.  
 

CONCLUSION  
 
Ambient sonification and visualisation displays illuminate 
social and spatial human-to-building symbiosis, 
heightening our awareness of flocking, emergent and 
interactive behaviour in an informative way. The 

infotainment aesthetic framework in which mapping 
activity to a transforming digital generative design occurs 
creates live, iterative décor integration for sensate social 
building spaces (e.g. foyers, cafes, meeting rooms). 
Reflexive art contributes to our understanding of the 
buildings we inhabit while enhancing the immersion of 
the experience. The strategy of sensing, mapping and 
responsiveness outlined in this paper expounds a latent 

potential for innovative sensate technologies in 
architectural environment design. 
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ABSTRACT: Developments in human-computer interaction, sensor technology and artificial intelligence 
when coupled with integrated indoor ecology control systems provide the basis for establishing 

intelligent rooms, spaces where peripheral awareness of human activities and social context situates 
the environment’s behaviour, reaction to and interaction with the human occupants. This article 
describes the design of intelligent rooms from the perspective of these rooms as sentient agents. The 
article presents the design and development of The Sentient in the Faculty of Architecture at the 
University of Sydney. We present technologies to afford The Sentient with sensors, thinking and effector 
faculties. 
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INTRODUCTION 
 
“Intelligent rooms” have recently materialised on the 
landscape of built environments. In these built spaces, 
sensors and artificial intelligence (AI) computation afford 
awareness of human activities and social context to 
provide the context for the environment’s behaviour, 

reaction to, and interaction with human occupants. 
Certainly, the notion of “intelligent rooms” is not 
completely novel. The concept of intelligent rooms began 
at least in the early 80’s when computer technology were 
first deployed to control and optimise occupant comfort, 
energy consumption, safety and work place efficiency. 
Mahdavi describes this building technology viewpoint in 
his definition of a sentient building as one which 

“possesses an internal self-organizing representation of 
its own components, systems, and processes” (2004, p. 
595) for the purposes of managing the building’s indoor 
ecology. It is only the recent affordability of networked 
sensors and computation that has made the realisation of 
these spaces more practical on a widespread basis. 
We extend the viewpoint on intelligent rooms beyond 
building ecology control. Our concept of intelligent rooms 
borrows from the embodied interaction (Dourish 2001) 

viewpoint in which computing technology is understood to 
be a component of human work practice. The technology 
must incorporate itself into the activities of users and the 
situated activity in which the technology is a contributor. 
Based on this viewpoint, we believe that sentient 
intelligent rooms must satisfy the following two criteria. 
1. For intelligent rooms to participate with human 

activities and turn human activities into meaning, they 

need to become sentient beings themselves. That is, 
the rooms must be sensated and aware (self-aware and 
context-aware). 

2. Intelligent rooms must be integrated as a part of a 
specific set of work practices. Towards this aim, the 
experiential nature of interaction with the intelligent 
room must advance beyond the keyboard-mouse-raster 
display triumvirate. Sentient rooms must sustain 

realistic interactive use as if the room were an everyday 

object, such as a pen or a cup, rather than as a 
“computer.” 

We describe sentient rooms as sensing, thinking, and 
effecting agents imbued with behaviours defined by both 
their own embodiments and human activities within the 

built spaces and interaction methods which restore the 
natural and unconscious interactions we have with 
familiar devices. 
Designing intelligent rooms as sensing, thinking and 
effecting agents will lead to the potential for sentient 
rooms with behaviours conditioned by human activities. 
The first criterion encourages the notion of sentience by 
allowing behaviours of the sentient room to be shaped 
dynamically and directly from human user behaviour via 

feedback through sensors and for the room to have 
self-awareness. Self-aware machines maintain a model 
of themselves within a finite bounded space such that the 
awareness could then be utilized to affect behaviour. 
Self-awareness would also imply that the sentient room 
were aware of humans and human activities in order to 
make plans that involve the humans’ presence and aware 
of itself in order to make plans that involve itself. Sentient 

rooms (not just intelligent rooms) which structure their 
behaviour based on the pattern of users’ past and 
present experiences that prevail in the social behaviour of 
its occupants afford interactivity beyond the act-react 
cycle typifying routine computation. Technologies 
associated with imbuing The Sentient with these 
capabilities include: 
Sensing: 

• sensors to detect human activities including speech, 
touch, presence, and movement 

• formal methods using a hardware as agents description 
language to configure The Sentient semi-autonomously 

Thinking: 
• machine learning and high-level language 

representation algorithms to obtain user feedback 
through language communication 

• rule-based engine for sensor and effector coordination 
Effecting: 
• audio and visual effectors such as surround sound, 

video projection, and augmented reality 
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• sonification and visualisation methods for The Sentient 
to express its understanding of the behaviour patterns 
of the human occupants through the effectors 

The second criterion follows a general trend in 

human-computer interaction (HCI). Recent developments 
in HCI technologies have lead to an exploration of a 
variety of devices to enhance the user experience with 
tangible and multiple visual interfaces. In recent times, 
interfaces have been developed which use physical 
objects as representation and controls for digital 
information for the purpose of making human interaction 
with computing devices more natural. These interfaces 

have been named tangible user interfaces (Ishii and 
Ullmer 1997). Tangible physical objects, surfaces and 
spaces turn everyday devices into interfaces to digital 
information. Turning the physical environment into a 
“computer” interface to digital information allows users to 
transfer their skills developed through commonly learned 
interaction with the physical world. Ways to create 
interaction which restore the natural and unconscious 

interactions we have with familiar devices include: 
• tangible user interfaces which employ physical objects, 

instruments, surfaces and spaces as physical interfaces 
to digital information 

• ambient interfaces which “disappear” into the milieu of 
objects in The Sentient 

In the next sections, the paper presents the design and 
development of technologies for The Sentient in the 

Faculty of Architecture at the University of Sydney. 
Section 1 describes two specific technologies for 
self-awareness (auto-configuration based upon the 
presence of computational objects inside the room) and 
thinking (context-awareness by using sensors to learn 
about the activities of the human occupants). This first 
section explores some of the issues in satisfying the first 
criterion for The Sentient. Section 2 presents the design 
of an interactive digital workbench which exemplifies a 

move beyond the keyboard-mouse-raster display 
triumvirate, as specified in the second criterion. 
 

1. SENTIENT TECHNOLOGIES 
 
We are currently looking at two technologies for enabling 
self-awareness and context-awareness. The Sentient is 
self-aware of its sensors and effectors at both a hardware 
and software level. Context-awareness enables The 
Sentient to reason about the activities of humans to learn 

about human behaviour so that the room can reason and 
respond to human activities without waiting for a 
command. 
 
1.1. Self-awareness 
By definition, sentience implies self-awareness. One of 
the objectives of self-awareness for The Sentient, then, is 
to develop a mechanism by which the physical hardware 

which comprises the room could be known to itself. 
Computational objects or objects with embedded 
computation should be introduced or removed by human 
occupants without explicitly “re-programming” the room 
or notifying the room. To our knowledge, for all 
operational intelligent rooms, if a hardware element were 
introduced, the room had to be re-configured, 
re-calibrated or re-programmed. “Plug-in-capabilities” 

could minimise manual programming and configuration. 
We developed a Hardware as Agents Description 
Language for Intelligent Rooms. The idea behind the 
Hardware as Agents Description Language is to model 
the hardware in an intelligent room as agents having 
sensor and/or effector modalities with a formal ontology. 
Figure 1 illustrates an ontology and prescription for 

constructing hardware descriptions for sensors and 
effectors. For example, for a microphone to sense sound 
in the room, the diagram specifies that the microphone is 
a hardware device with a modality that senses 

(behaviourType) audio (type) in decibels (units). 
Ontologies are crucial for the development of dynamic 
systems for the following reasons (Chen et al. 2004): 
1. A common ontology enables knowledge sharing in 

open and dynamic distributed systems. 
2. Ontologies with well-defined declarative semantics 

provide a means for intelligent agents to reason about 
contextual information. 

3. Explicitly represented ontologies allow devices and 
agents not expressly designed to work together to 
interoperate, achieving ‘‘serendipitous interoperability.” 

Each device’s functions and behaviours are encoded in 
XML, which must adhere to an XML schema that 
formalises both the semantics of the ontology and the 
structure of the XML.  For example, a light source would 
have the following definition in the description language 

encoded in XML: 
 
<device name="light"> 

<behaviour> 
<number>1</number> 
<behaviourType> 

<name>effector</name> 
<type>light</type> 
<units>lumens</units> 

</behaviourType> 
<description>enable or disable 

light</description> 
<dataType>binary<dataType> 
<action> 

<name>enable</name> 
<value>1</value> 

</action> 
<action> 

<name>disable</name> 
<value>0</value> 

</action> 
<private> 
</private> 

</behaviour> 
 

<behaviour> 
<number>2</number> 
<behaviourType> 

<name>effector</name> 
<type>light</type> 
<units>lumens</units> 

</behaviourType> 
<description>intensity of the 

light</description> 
<dataType>discrete</dataType>  
<action> 

<name>light</name> 
<value>10</value>    

</action> 
<private> 
</private> 

</behaviour> 
</device> 

 
The above is an example of a light; the light has two 

effector behaviours, one that changes light intensity and 
one which switches the light on and off. The private 

element enables the device to retain information specific 
to the device that is not publicly available to external 
devices. The Sentient would autonomously maintain an 
XML database of hardware devices. The database 

describes the functions and behaviours of each of the 
hardware devices. New hardware devices can be added 
by adding a device description which conforms to the 
description language in the database. 
The second advantage of the agent-based approach is 
the ability to integrate each piece of hardware described 
as an individual agent into a multi-agent society. From the 
database, software agents representing each piece of 

hardware are instantiated and integrated into a multi-  
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Figure 1: Sensor and Effector Modalities 

 
agent-society (MAS) as illustrated in Figure 2. The 
software agents are implemented using the Key Centre of 
Design Computing and Cognition Active Worlds Agent 
Framework (Smith and Maher 2003) and the Jess 
language (Friedman-Hill 2003) for coding agent 

reasoning as rules. Once instantiated as a software agent, 
an ambassador agent communicates with the hardware 
agents to achieve specified goals such as turning on 
lights. 
 

 
Figure 2: Intelligent Room Agent Architecture 

 
1.2. Context awareness: learning about human 
activities 
Currently the most successful software architectures 
implemented for intelligent rooms are modular based and 
involve some sort of layering subsumption (Hansssens et 
al. 2002). If we look at the software architecture of The 
Sentient as being based on a modular approach, then we 

can assume that the behaviours of the room are also 
modular, where sets of behaviours are stored in modules 
for different room modalities. However, if the modules are 
hard coded, then the ability to consider any unique 
situation means that a new behaviour module must be 
created. Although it is possible to create new behaviour 
modules for each new context of use (e.g., collaborative 
work meeting, seminar, lecture, workshop), creating and 

implementing every possible context introduces 
scalability concerns. The inability for The Sentient to 
adapt dynamically to the ever changing social 
environment inevitably makes the room unsociable. 
We can instead make behaviour modules dynamic and 

context aware by providing the room with the ability to 
learn by observing the occupants. One method by which 
the room could understand the context is of use is by 
listening to what is being said in the room, that is, acquire 
natural language verbalisations through speech 
recognition. Then, the speech recognition data could be 
delivered in real-time to various machine learning 
algorithms such that the room could then characterise 

what human activities are currently taking place. However, 
because speech recognition systems are far from perfect 
and may stay that way for a very long time, we have 
focused the means by which the room understands 
natural language to address the limitations of speech 
recognition. Our techniques do not require perfect natural 
language understanding nor are we concerned with 
speech-based commands such as “Sentient, turn off the 

lights.” 
We experimented with The Sentient understanding use 
context by having occupants play a board game in The 
Sentient. The dialogue from the players was recorded 
into a text document using the Dragon Naturally 
Speaking speech recognition software. Text filtering 
algorithms were written to translate the speech 
recognition data into formats that can be readily used by 

machine learning algorithms. 
For the first machine learning algorithm, we wanted The 
Sentient to learn the relationship between words spoken 
by the occupants and contexts of use in the room or the 
experience of the occupants in the room. We chose to 
encode these relationships in a belief network. The 
objective here is to compute the conditional 
independence between words and either context of use 
or experience of the occupants. The key feature of belief 

networks is their explicit representation of the conditional 
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independence among events. Therefore, we can use 
conditional independence to encode the belief that the 
room is in a current context of use given the occurrence 
(or lack thereof) of a set of terms expressed by the 

occupants. We can express the belief that the room is in 
a current context of use ti given that the room has 
observed the presence or absence of all the features 
(words) fij through Bayes’s rule: 
 

 
Figure 3: Bayes Rule for Computing Room State Given 

Words Expressed 
 

The thinking task is then to compute the posterior 
probability that the context is relevant to ti given that we 
have observed the presence or absence of all the 
features fij. Topological transformations (through arc 
reversals and node absorption for example) can answer 
questions concerning possible causal relations or 
dependencies. One could also change the meaning of ti 
to be the experience of the occupants in the room. 

However, before The Sentient can perform the 
computation to ascertain context of use or occupant 
experience, it must first be trained. Training the belief 
network involves learning the conditional probability 
distribution (often called parameter learning) and the 
structure of the belief network using a training set. We 
chose the K2 algorithm (Cooper and Herskovits 1992) to 
learn the belief network structure and maximum likelihood 

parameter estimation from complete data. 
To generate the training set for understanding occupant 
experience given a context, students played a popular 
board game. Their utterances were converted into a text 
document through speech recognition. The words were 
then parsed and weighted to extract the principal 
content-bearing terms. These content-bearing terms 
were then placed in a matrix which accounted for the 

presence of words (columns) and the occupants’ 
experiences. An example of this matrix is shown in Table 
1. The keywords may influence or be conditionally 
independent of the occupant experience (state) of “fun.” 
Each row or “case” represents a single game session and 
has an associated state (“fun”).  
 

Table 1: Sample training data for learning occupant 
experience 

 woohoo yeah darn loser sucks fun 

case1 1 1 1 0 1 1 

case2 1 1 1 1 0 1 

case3 0 1 1 0 1 0 

case4 0 0 0 1 1 0 

case5 0 0 0 1 0 0 

 

 
Figure 4: Belief network corresponding to training data 

set 

This matrix (training data set) was then put into the 
structure learning algorithm to learn a belief network 
structure and associated conditional probability 
distribution (CPD). 

While the full details of the belief network structure and 
CPD learning are beyond the scope of this paper, a 
sample belief network consisting of 6 conditionally 
dependent variables from the training set is illustrated in 
Figure 4. Once the structure and conditional probability 
distribution are known, The Sentient can then compute 
predictions (inference) about the current context of use or 
occupant experience given evidence. For example, The 

Sentient can infer a low probability of fun (p=11%) if it did 
not detect any of the words but higher (p=33%) if it 
detected “woohoo” but none of the other words. 
The second aspect we wanted The Sentient to learn is 
the psychological similarity between the thoughts of the 
occupants. Knowing the psychological similarity has 
applications such as knowing how well the occupants are 
collaborating or interacting. To learn the psychological 

similarity, we applied latent semantic analysis. Latent 
semantic analysis (LSA) (Landauer et al. 1998) is a 
computational linguistic tool which examines the entire 
range of words in corpora to find latent patterns in terms 
of word choice as well as semantic meaning. LSA is 
unique in its method to analyse words; in its analysis, 
there is no consideration of word order or syntax. The 
principal advantage is LSA’s examination of context 

instead of individual word meanings. All other 
computational linguistics tools degrade in performance 
when the data set is noisy. Examining context removes 
obfuscation created by “noise,” and scales up to deal with 
very large corpora. The data format for LSA is similar to 
the data format for a belief network except that the rows 
indicate each unique term and the column indicates in 
which utterance the word was spoken. An example of the 
data for LSA is shown in Table 2. 

 
Table 2. Data for latent semantic analysis 

WORD UTTERANCE 

 1 … 500 … n 

buy 0 1 1 0 1 

mine 0 1 0 1 0 

owe 0 0 1 1 1 

go 0 1 0 1 0 

house 0 1 0 1 1 

station 0 1 1 0 0 

 
We generated graphs and fourth-order curve fits of the 

similarity of utterances as a function of the distance 
between the utterances (Dong 2004). We found 

qualitative evidence that fun games tended to have curve 
fits with pronounced changes in slope ( 

Figure 5) whereas non-fun games were “flat” (Figure 6). 

 
Figure 5a: Fun game 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

82 

 
Figure 6b: Non-fun game 

 
By creating systems for acquiring verbalisations as a 
source of machine learning, The Sentient may consider 
the behaviours of its occupants to customise itself and, 

potentially, “socially” adapt to them. 

 
2. AN INTERACTIVE WORKBENCH 
 
Since the advent of personal computing devices, 
computers are steadily becoming more and more a part 
of our everyday lives for inputting, controlling, processing 
and retrieving information. The interactions we have with 
personal computing devices is mainly through traditional 
input devices such as the mouse and keyboard and 
graphical user interfaces using windows, icons, property 

sheets and modeless interactions (Ishii and Ullmer 1997). 
For example, in the past, developments in human 
computer interaction (HCI) related to CAD software has 
focused on the improving the interactions users have with 
the software through the use of keyboard, mouse and the 
graphical user interface. Although this has proved to be a 
successful method of interacting with computing devices, 
Ishii and Ullmer believe what we have lost with the advent 
of computers is the richness of interacting with objects in 

the physical world (Ishii and Ullmer 1997). In recent times, 
interfaces have been developed which use physical 
objects as representation and controls for digital 
information for the purpose of making our interaction with 
computing devices more natural. What we propose is for 
The Sentient to include novel methods for people to 
interact with digital information, including the furniture 
located within the room. 

One such device under development is an interactive 
digital workbench. The workbench provides users with 
tangible interfaces to visualise models in 3D while being 
able to make changes to the model. Our interactive digital 
workbench integrates the activities of constructing, 
modifying and viewing 3D models with collaboration, 
discussion and visualisation. The computational interface 
allows designers to modify 3D models in real time 

through the use of tangible user interfaces as well as a 
platform for visualising the spatial relationships within the 
model. Modelled from the iNavigator prototype developed 
at the National Cheng Kung University, Taiwan (Ma et al. 
2003) we have taken some ideas from their interactive 
CAD platform and introduced some of our own. The 
iNavigator uses a horizontal surface to project a plan view 
of the 3D model, and a vertical display to project a 3D 

perspective at a section of the plan. We have adopted the 
idea of both a horizontal and vertical display system, and 
have added tangible input devices. 
Similar to iNavigator, our interactive workbench projects a 
plan view of the model on the horizontal surface of the 
table and either a cross-sectional or perspective view of 

the model on a moving vertical flat panel display. The 
user can move the vertical screen along the plan view on 
the horizontal surface, as shown in Figures 7. The 
movement of the vertical screen causes the workbench to 

display 3D rendered sectional views of the model 
depending on where the screen sits corresponding to the 
plan view. We have improved on the vertical display by 
using a flat panel display instead of a projection system to 
eliminate issues of distance from the projector to the 
display and the resulting distortion. We include a web 
camera above the projector for interaction that requires 
image processing. We also intend to enable the other 

views of the building to be displayed (via computer 
projection) on the walls of The Sentient. 
 

 
Figures 7 and 8: Digital Workbench setup; 3D Blocks 

and virtual models 

 

 
Figures 8 and 10: Interacting with the 3D blocks; pen 

interface and GUI 
 

 
Figure 9 and 12: Interacting with the pen interface on the 

workbench; 3D AR models on the vertical display 

 
Another method for interacting with the workbench is with 
tangible input devices that place 3D objects on a plan 
view. We have implemented the software for 
manipulating the 3D models of the objects using the AR 
(augmented reality) Toolkit (Billinghurst et al. 1997). 
Augmented reality is a technique for superimposing a 
virtual object into the physical environment. A web 

camera first detects a pattern in the physical environment 
and then superimposes the virtual object in the location of 
the physical marker. The digital workbench has two 
different tangible methods of placing and moving the 3D 
models. Using the first method, the designer places the 
3D block patterns on the horizontal surface, as illustrated 
in ; , and then physically moves the 3D blocks around the 
surface of the workbench, as seen in Figures 8. Using a 
web camera, the patterns on the 3D blocks are tracked 
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and converted to 3D models by the AR Toolkit and 
displayed on the vertical plane. This method allows for 
tangible physical interaction with the blocks themselves 
and gives the designer a feeling of being able to modify 

the design through touch. 
Using the second method, the designer uses a pen to 
select and move the patterns as shown in ; . The pen 
interface gives the user tangible control of the layout. The 
designer has the ability to manipulate the patterns with 
the pen by resizing or rotating the pattern as shown in 
Figure 9. Once again the pattern is tracked by a web 
camera and the models are displayed on the vertical 

plane as seen in ; . An advantage of the GUI and pen 
control method is the user’s ability to scale 3D models 
displayed by changing the parameters of the pattern. 
Using the first method, the size of the 3D block is fixed 
and limited to pattern size assigned to the block. 
The interactive workbench exemplifies some of the 
issues in developing tangible interfaces between people 
and digital models or information. We focussed on the 

selection of tangible interfaces that specifically support 
the development and visualisation of 3D models rather 
than more generally on interfaces that support a broader 
range of software applications. This allows us to pursue 
the idea that the way in which we interact with The 
Sentient can be developed to suit a specific kind of 
activity, rather than to continue to have one way of 
interacting with a computer, regardless of the purpose of 

the interaction. This is a major departure from recent 
developments in GUI’s in which it is assumed that the 
keyboard, mouse, and display technology are suited for 
all applications. 
 

CONCLUSIONS 
 
This paper presents some techniques for imbuing an 
intelligent room with sentient capabilities. As a concept 
for building technologies [noun form of the expression in 

which the adjective form of building qualifies 
technologies], sentient rooms are not just spaces with 
automatic indoor ecology controls; rather, they should be 
thought of as machines whose interactions with the 
humans are based on the modalities of activities. The 
Digital Workbench is an example of human-computer 
interactions highly specialised to particular architectural 
design activities such as space planning. As a concept for 
building technologies, [verb form of the expression where 

the word technology is an object of the word building] the 
capacity to act as an independent entity, to a certain 
degree, must be built into sentient rooms. A room which 
activates the air conditioning when the temperature rises 
about 25C is not sentient as the thermostat is “blindly” 
following a predetermined rule. A sentient room should 
be able to modify its own programming (predetermined 
rules) appropriate to their own embodiment and human 

activities within the space bounded by the room. The 
designer of the room must engineer this capability. This is 
the purpose of the context awareness and hardware as 
agents description language. 
We have written a Hardware as Agents Description 
Language and deployed the language as a Javascript 
application to assist in writing a description. We have also 

simulated the deployment of new hardware into a virtual 
“Sentient” modelled in the software Active Worlds. We 
have also completed building a belief net to inference 
states during game playing. Finally, the Digital 

Workbench supports the cross-section views and the 
augmented reality interface.   
We might also characterise The Sentient as knowing 
(being cognizant or aware), thinking, and feeling 
(perceiving through physical sensation). A tantalising 
possibility is for The Sentient to emote through its 
effectors or alter its thinking based upon its emotional 
state, or the emotional state of the occupants. This is the 

basic idea of Marvin Minsky’s emotion machine and a 
future direction of research for The Sentient. 
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ABSTRACT: This paper outlines a new emerging Information technology in domestic Architecture. 
The development of the new technologies make it possible within the room and the house to provide 
a whole new spectrum of environmental mechanisms and controls which may influence the way that 
space may be used and the environment designed generally. This paper briefly places in context a 
type of emerging and current information technology avaiable for housing much of which is evolving 
within research and in the market place all of which may be defined as intelligent

1
, automated

2
 and 

adaptive
3
 by classification and definitions. There is a trend emerging in the use of adaptive and 

intelligent interactive systems in housing employing agency and autonomy through certain human to 
computer interface paradigms and some results are referenced. Some simple proposals have been 
formulated and qualified within the aims and definitions of this paper to provide a context for the 
preparation of a design brief for an Intelligent Automated Adaptive Dwelling. 
 
Conference theme: Computers and architecture 
Keywords: Intelligent Automated Adaptive Housing Concept (IAAHC) 

 
 

INTRODUCTION 

 
Through an analytical and design approach briefly 
highlighted in this paper it is intended within further 
research to present tables of system parameters and 
examples of an interface management by type and 
class, suitable for contemporary domestic use, with a 
defined context of recent developments in intelligent 

automated adaptive dwellings.  
The aim of this paper is to prepare a simple design 
context to be used in the preparation of a design brief 
regarding IT concepts. This may be described as 
appropriate as the initial stage in the development of an 
intelligent automated adaptive dwelling. The design 
context is examined briefly in the terms of what now is 
being generally defined as adaptive, intelligent, and 
automated types of spatial systems, described by type 

as an ‘iroom ‘ or an ‘iHouse’ . 
Included in the overview is a consideration for the 
control of intelligent automated systems within a type 
and class of a simple dwelling so that the development 
of a context for a client brief for an Intelligent dwelling 
may be prepared. 
Definitions: Information Technology is the application of 
computers and techniques of using computers to handle 

masses of data on the basis of information Theory. 
Information Theory is the branch of science that deals 
with the qualities and charateristics of transmitted 
information. (Word Book Definitions 2004).  
Definition: The term ‘Intelligent’ above is used to define 
the type of computer control systems which are said to 
exhibit properties that could be called intelligent. The 
term intelligent may be called by definition the ability of a 

system to having or exhibiting, autonomy of operation, 
that is, an understanding, able to learn and know, 
acquiring and exhibiting understanding or knowledge 
typical of human nature. Example: An intelligent 
controller in an automated system is a device which is 
able to operate autonomously and independently of 
intervention, whilst an intelligent system implies the 

ability of a system to be self adaptive beyond the 
originally provided programming and data base. 
Intelligent ‘software agents’ become the self drivers to 
this technology. Currently some researchers use 
terminology with the use of the prefix ‘i’ to denote an 
aspect of type, and interface which may imply 
intelligence and which also includes the notions of 

interactivity and internet based systems.  
Definition: Automated systems are those types of 
systems that can move or act by itself and regulate itself. 
Refer the term automate (World Book Encyclopedia 
2004). Example: The ability to act on a set program can 
be said to be automatic whilst the ability to vary the 
program from learnt solutions acquired from not only 
external sources but from reaction to those sources to 

establish a set of operational conditions.  
Definition: Adaptive systems are by their nature 
automatic and may be intelligent but act in a way that 
limits the need for human intervention and management. 
Example: The use of sensor based technology allows 
intelligent controllers to monitor and manipulate 
environments based upon modal imputs and outputs. 
Definition: User Interface management is the human to 

computer system interface which allows the control, 
management, intervention and use of complex 
Information Technology computer systems. Example: 
The standard Graphics User Interface currently in use is 
based on the paradigm of the desk top and windows 
technology, but that is changing.  
The Graphics based Interface has become a defacto 
standard for modern personal computing. The window 

paradigm is the rectangular part of a graphics computer 
display and provides activity resources and spaces 
where complex intelligent, automated, adaptive 
environmental systems many be viewed and managed. 
Within the last decade general research indicates that 
there has been a broad based change in the way in 
which environmental and social function within 
automated housing operates because of the new 
hardware and software. The way in which the functions 
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of emerging information technology are being included 
have resulted in a pervasive new functional 
interconnectivity context within the home. What then are 
the observed emerging social needs ‘display’ and 

methods which influence the type of technology that is 
also emerging? There is a real need to define the way in 
which social aspects of living are being impacted by this 
new technology and certain queries need to be 
considered. 
Background: 
1) How is Information Technology as applied to simple 
domestic housing changing?  

2) How are social need also changing in respect of 
dwellings that have become encumbered with so many 
new systems requiring information interconnectivity?  
It was the initial research by Mozer (Mozer 1999, Mozer, 
Vidmar and Dodier 1997) and others which determined 
that the complexity of intelligent automated systems and 
their management may extend well beyond the ability of 
the average user to effectively control and manage a 

sophisticated complex electronic information based 
system in a normal dwelling. Subsequently the whole 
manner and context of delivery of intelligent automated 
adaptive yet managed dwelling environments, emerged 
but also with new research, the practice and study within 
the architectural profession in regards of all these of 
such new systems has become a rich field for research. 
Specific client needs are ever rapidly changing along 

with contemporary living, life styles and work place 
methods generally. The solutions proposed by Mozer 
(1998), and also the intelligent products created by 
Markula (2004?) as well as current intelligent room 
research at Sydney University, in the USA at MIT and 
Stanford all establish varying approaches to intelligent, 
adaptive and automated environments. The domestic 
environment and the design and building of it have 
subsequently been evolving rapidly in so many novel and 

uniquely different ways. An emerging array of automated 
systems in buildings generally and in particular in 
housing, have emerged from the period of the mid 
nineteen eighties and a rapid development distinctly 
measurable in qualitative change, has taken place. 
Some new automation Industries treat living space 
modes and function within domestic space in a variety of 
new ways and many new technologies have arisen in 

rapid succession which profoundly affect the way in 
which design of client use controls are managed within 
domestic space where such systems are being utilized.  
The named ‘green’, ‘smart’ environmental systems 
approach has been well integrated into some 
contemporary architectural projects as with the 
millennium house in the UK (Echelon Corporation, 
Integer Millennium House Watford) 4:8), which is one 

example of many projects that has been successfully 
completed on a project production basis.  
The prepapration of client briefs and the design of new 
housing incorporating the emerging embedded 
intgerconnected intelligent and smart systems, generally 
has been greatly effected by the invasive micro 
processor revolution with its continual upgrading. 
Numerous key technological advancements derived from 

the aerospace industry has entered the built environment 
process, into the living room, into day to day living 
modes and influencing life styles particularly in our house 
hold appliances through embedded systems some using 
fuzzy logic systems and other system types are leading 
the way (5:8). Subsequently there has developed a need 
for organising, contexts and proforma client briefs out of 
the concise body of data available.  
Such a considerable volume of data is currently available 

on intelligent systems. And to define the context for to 
formulate client briefs presents a large scope of work, 
even to develop a data base from which to draw the 
basis for a number of descriptive IAHC models. There is 

a valid perceived need to present such findings in a 
simple user to client friendly way as so that the many 
technological changes which are profoundly affecting the 
living process and do business as Architects may be 
mapped and ways of dealing with client understanding 
researched. The form of the simple dwelling and the 
many new multiple modes of living and lifestyles 
generated by the cybernetic Information and 

‘knowlegeworker’ revolution needs to be adequately 
classified and understood. This task has been well 
addressed in various research papers and research 
projects and some are named within this paper and 
conclusions drawn from the data that has been so far 
presented on the subect and related subjects..  
 
1. iROOMS AND iHOUSES. 

 
An ‘i’ Room or ‘i’ house may be defined in different 
senses. However some researchers use ‘i’ to denote 
intelligent systems and some use ‘i’ to denote interactive 
or interconnectivity and some others use ‘i’ to denote 
internet based connectivity systems. All concepts are 
used in the intelligent, automated, adaptive room and 
house by type. Intelligent as a term is used to denote the 

sophisticated behaviour of systems within a room or a 
house. But there are many connectivities that require 
human management and intervention. The adaptive 
systems in a room or house require less human 
management as they use automated systems to provide 
a degree of autonomous control and thus are called 
intelligent. 
Definition: An ‘i’Room and indeed an ‘i’House in this 
paper is defined to incorporate systems that manage the 

environment inside and outside with intelligent 
automated and adaptive systems of control.  
The use of interactive and internet interfaces as a means 
of management is implied.  
Interconnectivity of modal functions within a space is 
seen as the emerging mappable quantity within such 
systems. An intelligent adaptive home or room 
considered in the examples studied generally contained 

defined network nodes even in ordinary house 
automation and if embeded intelligence exists, intelligent 
points, systems and smart appliances within the dwelling 
a more complex needs profile is seen to emerge from the 
research examples. In order to be perceived by definition 
a system is to be classified as intelligently functioning 
there is implied autonomous interaction of the system. If 
such a system is controlled or enacted by an agent or 

agency contol system or through self adaptive sub 
systems. Then a new substantive design need emerges. 
(Mozer 1999) Any environment referred to in type by 
Mozer (ibid.), may be then connected to a series of 
intelligent controllers which may in turn be interfaced to 
the internet and the whole may defined as an intelligent 
interactive network. Current market available intelligent 
systems are in many cases manipulated by self adaptive 

agents and controllers like virtual objects in a computer 
Model. The internal and external environmental systems 
of a typical ihouse needs to be intelligent, adaptive and 
automated in function

 
with respect to the environment. 

Method: A simple method has been used in examining 
various management systems on offer and some basic 
requirements and standards have been used to 
determine what logic systems and networks may be 
suitable in such a dwelling.  
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Figure 1: A proposed intelligent network logic diagram showing logical connectivity of control systems 
 
1) An environmental logic system for an idwelling should 
be ‘green’ in bias and based on sustainable technology.  
2) The logical management systems should be ethically 

tested and privacy protected and be part of a fully 
serviced network which accessable any where from 
within a prescribed network, by an intranet node, through 
the internet or by the use of a PC, by a PDA, by a cell 
phone, some other wireless system interface or GPS 
device.  
3) Each system of prime functions may be viewed as 
virtual event objects mappable in time and space and 

each subsystem of modal functions also mapable within 
real time. Many studies of pervasive and non invasive 
computing influencing living spaces have been made at 
various universities world wide and the subsequent 
research has now provided a necessary groundwork for 
the proposal of prototype design production 
constructions of a truly intelligent adaptive and 
automated dwelling type.  
Results: A Help system support is an expected resource 

to in the daily computing environment but there is a need 
for a new kind of help medium, a help environment, even 
an agency, with meeting manager, cues, scripting and 
prompts for each a potential Intelligent room and indeed 
the whole house. Real time reactive and adaptive 
systems of spatial, functional and environmental controls 
would present a complexity which would require some 
comprehensive form of mediation and on line assistance 

and there are some concepts which could be considered 
a likely solution to the complexity facing anyone 
managing the control systems of an Intelligent dwelling. 
(help systems 6,7:8) To an architect developing a brief 
what has been suggested in the research is an adaptive 
interface design in process for an array of iRooms and 
subsequently for the iHouse (‘i’ meaning intelligent and 
interactive, and which implies adaptivity). There is an 

abundance of research, systems and interfaces being 
designed and explored in many different sites world 
wide. This new advent, a new time of invention is 
squarely in the field of inteligent adaptive automation 
with respect to living spaces but also research examples 
mix invasive interfaces with ubiquitous interfaces and 
intelligent agency. There are human interface social and 
lifestyle implications on incorporating any pervasive or 

non invasive environmental management system to 
manage an environment. The architect - client brief for 
an intelligent adaptive automated house is in itself a 
formidable design task and to that aim certain parametric 
elements would need to be analyzed for each social type 
and life style within the dwelling. Intille and Larson 
((Changing Places / House_n: The MIT home of the 

future consortium)
 
8:8), have propsed and worked in 

mullti disciplinery teams in their research.  
Such research at MIT in designing or even evaluation 

this kind of supportive technology for the architects 
involved is that such teams suggest contexts for client 
brief and the actual design of such spaces and systems 
which could be an essential part of the design process. 
However this is an ongoing process and iIntelligent 
environmental systems need to be supportive of the end 
user in well designed ease of use and appropriate 
suitability of function. A pursuit of simplicity of function 

and the management of them seems to be mandatory for 
progress using systems with such apparent complexities. 
There are many help desks in our various government 
intranet networks and it is logical that such an expanded 
pervasive type of help facility could be provided in a 
simple form for an ‘iRoom’ or an ‘iHouse’. But current 
standards of the traditional help desk are quite different 
to the help desk as proposed by Chang (6:8), normally 
as a telephone co-ordinated system but in his thesis the 

inclusion of invasive remote computer manipulation may 
resolve some difficulties of understanding and 
bottlenecks of the normal periodic user interface 
crashes, bugs and maintenance difficulties. Yet the 
concept of iRoom interaction is quite different from what 
can now be experience in normal crisis and conflict 
situations.  
Help! On line audio visual streaming interactivity and 

agent voice sythesizers with ‘talking head’ advisories 
may eventually be necessary to guide a user through the 
open interface of adaptive interaction that would be 
necessary to maintain such a system adequately. 
Emerging network standards, intelligent controller 
standards and manufacturing standards with 
interchangeability, ‘plug and play’ operation need yet to 
be put in place on a broad based international scale. 

This is an ongoing and developing process with the fast 
evolving technology. There are moves in the USA and 
Europe and Japan to develop global standardisation 
while some regional standards already have been 
established and movement towards the 
interchangeability. Now the ‘Plug and Play’ function of 
devices and network systems some of which are covered 
by U.S. standards are leading towards a new host of 

standards which need to be linked to design brief 
consideration for these environments. (10:8). 
 

2. SOCIAL IMPERATIVES. 
 
The social types which determine the class of housing 
are in themselves very specific in needs and criteria so 
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the background to such adaptive interface systems need 
to be considered in the light of the following structural 
parameters that may be considered in any analysis of an 
adaptive iDwelling. The groundwork established by 

Mozer has seen responses in many areas. Some are in 
fact demonstrable. For example the concept of a 
dwelling exhibiting adaptivity was reflected in the paper 
entitled “Improving Intelligent Environments” Heierman 
(9:8) of the University of Texas-Arlington which was 
constructively critical of the state of the art of the 
performance of the way some systems were being used 
and their sutability generally and with well described 

argument which proposes the synoptic approach here 
proposed. Heierman does in his paper bring all aspects 
of the problem into a clear focus and it is made obvious 
from the conclusions in the paper, of the real difficulties 
faced in this emerging field. Heierman does propose 
some directions of part adaptivity and part user control 
which outlines realistic and workable formats and does 
deal with some of the technical problems within 

intelligent adaptive housing. Methods used will have 
measurable social oucomes.  
Some suggested social matters and concept parameters 
for functional analysis normally define methods: 
(01.01) Social types and type and class of housing. 
(01.02) Core Value - Moral social Models - Ethical 
Constraints - Lifestyle Expectations 
 - Social needs comfort and care - Key social identities. 

 - Aged - Singles - Families - Challenged - 
Experimental 
(01.03) Core Structures - Electronic Environment - 
Energy and Physical constraints. 
(01.04) Current Trends - Appliance Development  
 - Interconnectivity in domestic use systems 
generally. 
(01.05) Market Trends - Security Concerns - Increase in 
Insurance Premiums 

- Acceptance and implementation of connected 
plug and play systems. 

(01.06) Philosophical Assessment - Hot drivers of 
Technology - Care - Safety - Security- Comfort 
As Mozer wrote in 1999, (Quote “ What will the home of 
the future look like?” End Quote) (1:8).  
This prompts our vision of such a prospect. The medium 
has now become the focus, the function now is 

becoming defined by the mode of operation, and the 
user becomes more adept at using ‘itools’, pda’s and 
new software in the handling events, day by day, hour by 
hour. The new mode and delivery of the medium in 
‘ispaces’ even wearable ones local ‘ispace’ developers, 
involves many complex situations and circumstances. 
Ethical and social boundaries are now being reworked 
and re-determined and new rules are daily being defined 

in the social and political sphere which will effect the way 
media is percieved and manage the space surrounding 
the user. The new security imperatives in a modern 
world have illicted their own deteminations by survival 
based constraints and new pervasive technologies. Aged 
care providers in this country have taken up various 
monitoring systems to assist them in the care of the 
elderly and, or physically challenged residents in cared 

monitored housing generally. 
 

3. DIFICULTIES IN iHOUSING. 
 
In his paper published on the internet titled ‘Improving 
Intelligent Environments’ Heierman (9:8) briefly collates 
and relates some essential areas needing improvement 
and research within the field and highlights the areas and 
issues needing to be addressed. A disparity of type 

exists between the current marketed Corporate systems 
like the LonMark Echelon intelligent systems (17:8) and 
what is being proposed as prototype iRooms and 
iHouses being designed and researched within the 

academic research centres at MIT(8:8) and Stanford 
(4:8)

 
in the USA. One solution option available is to 

create a situation specific intelligent adaptive automated 
systems given the multiplicity of systems and many 
differing opinions that abound. One situation specific 
system may be more appropriate to another in order to 
establish a matrix of basic themes and basic needs. 
consequently there needs to be a strategy to best draw 

the realities of pervasive and non invasive computing 
interfaces into an understandable and reliable whole of 
environment solution. A reliable context of interface 
needs and environmental realities could be drawn 
around the many solutions cited in the field.  
The Brief: In the profession of architecture and 
specifically in practice Architects are taught well 
established methods to properly define the needs of 

clients through a series of detailed client briefs and the 
whole process becomes a quasi legal process and by 
numerous consultations and through developed client - 
architect liason invariably an environmental solution 
begins to take place within a step by step design 
process. It is the ‘architect to user’ interface designing 
intelligent spaces that needs to be defined and the 
limitations understood and well defined for any intelligent 

house. What is obvious in most of the research thus far 
considered to prepare this paper, is that seemingly there 
seem not to be a great number of interdisciplinery 
research teams with architects involved designing the 
spaces to enclose the functional patterns within the field 
of intelligent adaptive automation. Most research projects 
seem to be in the main driven by IT interests. Generally 
in the traditional design and construction process it is left 
to Architects to come up with user friendly integrated 

solutions of environment and much of the current ‘IAA’ 
research is driven by disciplines that tend to be outside 
of the main stream of architectural design. 
 Practising architects generally work from a scenario of 
broad based patterns of needs, requirements and 
technical systems to meet the clients expectations 
thence a brief is structured. Clients and users who may 
need to manage and define the many functions of the 

iSpace would require an easy way to understand and 
interpret how such interlinked inelligent iObjects may be 
best installed within the iHomes designed by Architects. 
 

 
Figure 2: Gallery showing some of the points co-

ordinated in an atrium of a prototype idwelling. 

 
Some methods are needed for describing multiple modal 
functions within interactive situations of a simple iSpace. 
The use of dimensional models and a suitable pictorial 
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modal language, normal functional interactions need to 
be established and some graphical way with a method of 
parsing them and some order of sequencing them. The 
pictogram is one way of capturing the essence of the 

object and a way of implying its mode by the nuances of 
the pictogram to describe interconnectivity and 
autonomy. Road signs are of a similar nature which 
assists a user to navigate through a series of potential 
conflicts. A simple pictorial langage may best be used 
using 2D, 3D, 4D and hybrid models and environments 
clearly defined so as to be simply understood by any 
user in any language. Such a language needs to be 

Architect and user, client friendly as a principal 
specification, to be able to be easily understood and 
manipulated. 
 
4 SPECIFICITY IS NEEDED 
 
Paradigm: A dictionary definition of Paradigm may be 
found in the : The 1950 edition of Webster Dictionary 

gives the following definition of Paradigm. Paradigm (-
dim), n. {Gr. paradeigma; para and deigma, example, 
from deiknynai, to show} An example; a model; in 
grammar an example of a verb conjugated in the several 
modes, tenses and persons. Paradigmatize v.t. is to set 
forth as a model or example. Generally the use in 
computer modelling and virtual object modelling the 
paradigm has generally become understood to be the 

Model of the operational system. Example: The 
Paradigm of a computer interface such as the Macintosh 
Operating System is based on the paradigm of a desktop 
with icon and menu items, folders, supplemented modal 
and non modal events. It is reasonable to draw the 
inference that any model for Intelligent Automation must 
depend upon the interface paradigms used to control the 
system and esoterically its system. A Paradigm normally 
may be defined as a model or form of expression and 

operation properly expressed as modal in nature. 
Definition: a mode may be defined as a state of being, a 
status, a form of behaviour, for example such as being in 
one mode of listening or another. Being in one mode of 
behaviour or another and being at one status or another.  
Modes of interactive systems may be classified in terms 
of status, measure, rhythm, meter, manner, form, 
custom, fashion, style, kind and sort. Whilst these modes 

are reflective of language they are also significant in 
terms of built environment and the function of the a 
human being within an environment and spaces within 
them.  
The multi-modal situation in human interaction is easily 
identifiable within spatial and adaptive environments, 
because some more complex parts of the management 
of such a system may be handled by adaptive systems 

through intelligent agency. Whilst the simpler aspects of 
human object, human to human and human to system 
interaction are of a nature to be managed through some 
basic computing skills. These days the younger segment 
of the population are indeed computer literate and can 
manage quite complex games scenario’s. Yet because 
of the complexity of many current state of the art 
‘isystems’ what is currently needed to provide authentic 

‘ihousing’ for many diverse social and cultural types, is 
extensive definitive research by multi disciplinary teams. 
To date Modal systems have been broadly developed in 
consumer technology in such items as refrigerators, 
stoves, washing machines and many consumer 
appliances use intelligent systems and interconnectivity.  
Conditions: If a set Paradigms are to be established for 
the functional use automated intelligent interfaces 
mentioned in this paper then the modes of design and 

use of each system, need to be understood and the 
patterns of functional use mapped. Generally: methods 
of measurement and diagnostics of the general external 
environment, structural components, volumetric 

characteristics, spatial attributes, functional patterns and 
aesthetic activities also internal environment and 
facilities. It may be prudent to define a ‘whole series of 
contexts’ for suitable modal systems and to construct 
comprehensive briefs and tables for such systems that 
are proven and truly commercially viable and available. 
Specialized research will always continue but there is a 
time at which a commercial product needs to be put into 

the market place to fund further development. So 
solutions need to go with the best practice of using 
systems that are commercially viable and readily 
available. Heierman (9:8) contends that, “rarely will two 
environments consist of the same physical objects or 
human occupants” as a determination of real constraints 
which have to be considered in such a project. It is 
axiomatic that success in personal computing is through 

and because of common shared “knowledge based” 
skills also the same criteria of competency applies to 
software use, internet use and to network use, and the 
way space interactivity is traditionally used.  
 

5. A FUNCTIONAL INTERFACE OUTLINE 
 
A possible solution interface design for an iRoom may 
depend upon the ease of which users are able to 
manage the interrogations of interactive systems, and 

the ease of dealing with non intelligent objects and 
systems, also the ease with which a user may manage 
crisis and maintenance routines. The proposal expoused 
in the paper ‘Ubiquitous Computing in the Living Room’ 
the Ubiquitous Computer Concepts (Intille, Lee and 
Pinahez) (8:8), provides one solution for an extended 
human to room interface within an intelligent adaptive 
interactive dwelling. The system interface defined in the 

paper by Intille, Lee and Pinahez (14:8) presents a 
method in adressing objects that have no intelligence 
and are basically inanimate. The problems of intelligent 
interface are similar to the interface difficulties faced in 
CAD development over the last decade. An ubiquitous 
type of computer interface similar to that proposed by 
Intille, Lee and Pinahez, a possible solution reflects a 
similarity to the early CAD problems except the MIT 
researchers are using a 3D environment as a random 

display medium to project a 2D image. That is simply 
projecting from a computer onto orthogonal surfaces 
from an embedded ED-Projector. This means the floors 
tables walls indeed, any orthogonal surface can be a 
display and a laser pointer becomes the event click 
device to replace the mouse. The net of any object 
looked on orthogonally is the boundary of a display and a 
net provides the edge of the geometry from a 3D 

persepctive. Using a locatable pointer that a user could 
attach images and pictures as objects, interrogate and 
draw 2D , hybrid and 3D lines of a 3D virtual object 
picture in space then be able to by the use of overlays of 
time stamped images manipulate and query upon real 
objects in space and time. Such a parsed symbolic user 
interface would have the benefit of being able to be 
agency based and intelligent also adaptive and 

interactive.  
Much of our interactions are with inanimate objects in 
space and the intelligent objects only account for a core 
of appliances and environmental systems the majority of 
objects in encountered in a dwelling are inanimate yet 
users interact with them often, for example storage units, 
furniture, artware, physical surfaces, floor coverings and 
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many other items in a dwelling which are handled and 
moved and catalogued in inventory often. Interrogation 
and location of inanimate objects form a large part of our 
interior and exterior design considerations and form the 

‘fabric’ of the dwelling.  
 
6 CONCLUSIONS 
 
The Design Brief: There are many practical problems to 
be overcome in the production of design briefs for 
specific project types and there are many guidelines 
which researchers have proposed for the intelligent 

automated connectivity environment and many are 
emerging daily. The interactive wireless, phone , the 
personal computer, the home controller , many 
embedded appliances and even the inanimate objects of 
such environments pose their own unique context of 
problems and opportunities. Mozer (1:8), has proposed 
the question, “What are the technology applications in a 
home environment where Intelligent automation and 

adaptivity would be feasible and would make our 
environment more user friendly?” Generally it could be 
deduced that a mixed of partial adaptability and some 
interventionist management and help systems in some 
areas may provide better functionality in some 
circumstances than a system that is wholly automated 
and adaptive yet in particular some of the more complex 
functions of a dwelling would be better fully automated 

and adaptive and operated on an agency basis. Real 
Time simulations in model form and past learnt data 
models through interactivity projections may well be one 
way of best optioning a process forward with ‘on the fly’ 
prototyping, using small spaces, of potential modal 
events out of the scope of normal adaptive systems. 
When linked to real time pictures of each small space or 
room (privacy and ethical constraints permitting) could 
be shown in a 4D time stamped pictorial model and this 

may assist the client to understand and focus unsure 
conceptualisation. The average person trying to make 
sense of the myriad of emerging technological systems 
may tend to disengage. Real time (RT) simulations in a 
model form built with using resources from past learnt 
data models may best provide one way of optioning a 
process of forward prototyping. Using an analogy of the 
human bio-system provides a clue, looking at the human 

model analogy. It can be observed that the heart 
functions as the key central part of the neural net . 
Assesment in an emotive sense suppliments the mind 
analogy and the same could be said for systems that 
may need to be supervised even if from a distance.  
The ‘smarts’ and the ‘intelligent elements’ perhaps may 
be best managed through interventionist systems and by 
an array of intelligent agents. The limitations of this 

approach yet may well be the continual need for 
momentary updating of the data base of case histories 
within the system. There are also the effects bought into 
play by user intervention which may limit the 
effectiveness of the residual autonomous system in order 
to fulfil its duty. The rules must be well established and 
clear on the context and functional suitability or else 
many conflicts could arise between programmed 

necessities and user requirements and demands. The 
over ride of functions based on certain rules needs to be 
carefully considered because of the pervasive nature of 
certain interactive mechanisms and controls within any 
part of an iHouse. A room by room priority schedule 
when linked pictorially in real time as in the Integer 
House Watford, allows a remote user definite 
intervention and this facility seems to me to be the most 
promising area of whole house management and 

supervision.  
1) Hidden, Embedded and stand-alone miniature 
computer systems have a new raft of capabilities. 
2) Wearable items and systems that can be placed in 

pockets bring with them a completely new systems 
control. 
3) The younger generations have adapted quickly to 
such changes and support such a changing technology. 
4) Interactive and Smart clothing Wearable and handheld 
computing communication devices: - Wearable 
Interfaces and housing automation networks seem to be 
the more rapidly developing areas of this new 

technology. 
A possible test for a viable solution for a successful 
Intelligent Adaptive Automated dwelling may depend 
upon the arrangements of system and system types 
within each iRoom and iSpace that such a context 
proposes fulfilling the following questions within further 
research.  
1) Does the iHouse and the iRooms within it exhibit 

internal adaptability and independence with minimal 
recourse and human intervention in a functional 
prescribed manner?  
2) Is an intelligent dwelling system called intelligent 
adhering to its primary Criteria of Agency, apparent 
Intelligence, Autonomy, or Adaptivity?  
In conclusion does the designers in the field currently 
have the appropriate technical expertise available to 

organise a detailed brief and organise an intergrated 
authentic Intelligent Adaptive Automated dwelling? 
A mix and match by function and mode and class may 
prove a more suitable to organising the contexts for an 
architects brief. These simple proposals once formally 
qualified within the aims and definitions of a single 
project client brief for such spaces may provide a starting 
point in the evaluations of what needed in order to 
produce practical useful and manageable Intelligent 

Automated Adaptive Dwellings. 
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ABSTRACT: The data  generated within the construction industry has become increasingly 
overwhelming.  Data mining technology presents an opportunity to increase significantly the rate at 
which the  volumes of data generated through the maintenance process can be turned into useful 
 information. This can be done using classification algorithms to discover patterns and  correlations 
within a large volume of data. This paper investigates the potentials of applying data mining 

 techniques on maintenance data of buildings to identify the impediments to  better performance of 
building assets. It demonstrates what sorts of knowledge can be found  in maintenance records.  The 
benefits to the construction industry lie in turning passive data in databases into  knowledge that can 
improve the efficiency of the maintenance process and of future designs  that incorporate that 
maintenance knowledge.  
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INTRODUCTION 
 
The growth of many business, government, and scientific 
databases has begun to far outpace  human’s ability to 
interpret and digest the data. Such volumes of data 
clearly overwhelm the  traditional methods of data 
analysis such as spreadsheets and ad-hoc database 
queries. The traditional methods  can create informative 
reports from data, but cannot analyse the contents of 

those reports. A significant  need exists for a new 
generation of techniques and tools with the ability to 
automatically assist humans  in analysing the mountains 
of data for useful knowledge.  The increasing use of 
databases to store information about building facilities, 
their use, and their  maintenance provides the 
background and platform for the use of data mining 
techniques for future  projections. The current technology 
for facility maintenance uses databases to keep track of 

 information and for notification of maintenance 
schedules.   
Knowledge Discovery in Databases (KDD) and Data 
Mining (DM) are tools that allow  identification of valid, 
useful, and previously unknown patterns so that the 
facility manager may  analyse the large amount of 
project data. These technologies combine techniques 
from machine  learning, artificial intelligence, pattern 

recognition, statistics, databases, and visualization and 
can help to  automatically extract concepts, 
interrelationships, and patterns of interest from large 
databases. These  techniques find patterns in data that 
can assist in planning. The need to feed back the 
patterns of  maintenance and other facilities 
management activities in existing facilities to improve 
future  maintenance and the design of new facilities can 

be addressed by applying data mining techniques to  the 
records of existing facilities.  
 

1. BUILDING MAINTENANCE 
 
The primary objective of building maintenance is that 
building systems and components should be always 

functioning  to support building operations. The 
challenge is to allow the  building operating managers 
and the owner to share information about the current 
status of building systems and components and  the 
business situation to plan maintenance to meet this time-
varying objective.  Supporting this objective is difficult. It 
is difficult to assess the amount of risk posed by an 
 observed non-critical problem to future production. 

There are multiple goals (e.g., high long-term  availability, 
minimal short-term cost); goals change (e.g., between 
availability and cost concerns);  goals conflict; indicator 
data are almost never completely reliable or adequate. 
The problem has  multiple aspects, including 
interpretation of observed data, diagnosis of problems, 
repair and  maintenance planning, and business 
evaluation of the value-added of different repair and 

maintenance  options. Finally, significant judgment is 
needed to interpret both available engineering and 
business  data, and clear business policy is needed to 
define the "value" of maintenance.  
 
1.1. Corrective and Preventative Maintenance 
Considering the example of a boiler that has tripped due 
to a drop off of the primary airflow signal, the  technician 

goes out to the unit and, seeing a differential pressure of 
zero, he changes out the  transmitter. Repair work such 
as this, performed following breakdown, is called 
Corrective  Maintenance (CM), also known as reactive 
maintenance. This paradigm can be described as “fix it 
 when it breaks”.  The technician wants to prevent this 
from becoming a problem again and schedules a check 
on the  boiler transmitter every six months.  Maintenance 

performed periodically based on utilisation metrics  such 
as hours of operation or calendar time in order to prevent 
failures is called Preventative  Maintenance (PM), also 
known as scheduled maintenance. This paradigm can be 
described as “fix it  at regular intervals”.    While 
preventative maintenance may avoid the unscheduled 
down time and costly repairs  associated with reactive 
maintenance, it may be scheduled more often than is 
necessary. Preventative maintenance is not needed 
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most of the time it is performed, thus introducing costs 
that are  to some degree unwarranted and therefore 
should be minimised without sacrificing plant 
performance.   

 
1.2 Predictive and Proactive Maintenance 
Continuing with the boiler example, once the transmitter 
has been replaced, the boiler is started up  again, but 
after a short period of time it again trips due to a zero 
primary airflow signal. Now looking  at the situation more 
closely, the technician finds that the impulse lines from 
the transmitter to the  orifice plate had become plugged 

and were the true source of the problem. The lines are 
cleaned out  and the unit is brought back up.  The 
technical team now decides to add on-line 
instrumentation that  measures the boiler’s airflow and 
sends the signal to a processor that monitors this and 
other signals  and uses a model of the system in order to 
anticipate and diagnose failures before they occur; this is 
 called Predictive Maintenance (PdM). By isolating faulty 

components and calculating the best time to  repair or 
replace them, this approach minimises both maintenance 
labour and the risk of an  unscheduled outage and can 
be characterised as “fix it just before it breaks”.  
In traditional approaches, the interpretation of a 
measurement had no correlation to previous tests.  As 
long as an asset’s parameters were found to be within 
specification, it was considered to be fine  and no action 

was taken. In current approaches, when a Computerised 
Maintenance Management  System (CMMS) issues a 
work order, it identifies the specific test, instrument, and 
settings to use for  the piece of equipment in question. A 
technician performs the test with the same settings and 
 procedures used the time before. After the test, the 
technician can download data to a system that 
 aggregates data from previous tests and builds trend 
reports.  For more than a decade, PdM has enabled 

facilities technicians to identify and solve problems 
 before they have a chance to damage equipment. In 
Proactive Maintenance, the general time frame that a 
component will fail is determined before  the failure 
occurs or is about to occur. Typically, a model of the 
system is used to anticipate failure.  This approach 
minimises the risk of failure by eliminating root causes. 
Using data mining can allow proactive maintenance to 

occur based on the knowledge  and patterns extracted 
from past maintenance records, thus allowing for 
generalisation from  experience of similar building 
systems and components as well as pinpointed 
information specifically relevant to a particular system or 
component.  
 

2. LIFE CYCLE OF BUILDINGS   
 
2.1. Life cycle cost 

Life cycle costs (LCC) are summations of cost estimates 
from inception to disposal for both equipment and 
projects as determined by an analytical study and 
estimate of total costs experienced during their life. LCC 
not only comprises initial acquisition cost, it also contains 
other cost like ‘ownership cost” – operation costs, 
maintenance costs, logistics costs, etc, which is usually 
higher than the original acquisition cost. The major 

objective of LCC analysis is to choose the most cost 
effective approach from a series of alternatives so the 
least long term cost of ownership is achieved (Barringer  
and Weber 1996).It is believed based on Life Cycle Cost 
analysis (Kawauchi and Rausand 1999) that a typical 
range of the ownership costs is 60 percent to 80 percent 
of the total LCC. An interesting view (the iceberg model) 

that may provide a general understanding of those 
underlying costs that seems overlooked is shown in Fig. 
1. 
 

2.2. Life Cycle Modelling of Buildings 
The life cycle cost concept is addressed in the British 
Standards as ‘Terotechnology’ which is  defined as a 
combination of management, financial, engineering, 
building and other practices  applied to physical assets in 
pursuit of economic life-cycle costs.    Life cycle cost 
modelling   (LCM) contributes to competitiveness of the 
company by providing strategic planning on 

 rehabilitation and enhanced information for decision 
making. LCM helps facility manager in  evaluating 
alternative equipment and process selection based on 
total costs rather than the initial  purchase price. The 
multidimensional information that LCM presents is 
merged from hybrid  project domains such as 
management, engineering, as well as finance. LCM may 
be applied in a  wide range of critical functions including: 

(a) evaluation and comparison of alternative design;  (b) 
assessment of economic viability of projects and 
products;  (c) identification of cost drivers and cost 
effective improvements;  (d) evaluation and comparison 
of alternative strategies for product use, operation,  test, 
inspection, maintenance, etc.;  (e) evaluation and 
comparison of different approaches for replacement, 
 rehabilitation/life extension or disposal of aging 

facilities;  (f) optimal allocation of available funds to 
activities in a process for product  development;  (g) 
assessment of product assurance criteria through 
verification tests and their trade- offs;  and (h) long-term 
financial planning. 
 

 
Source: (Dangel 1969) 

Figure 1: An interesting view – the iceberg model – of 
life cycle cost 

 
With the booming of information technology at the end of 

last century, the increase of information availability has 
become a dilemma due to inefficiency in processing the 
information for decision-making. This problem becomes 
critical in the building industry when the high degree of 
complexity of work flows involved in and the 
accompanying uncertainty for decision making in the 
lifetime of a building are considered. Thus, efficiently 
dealing with information from different stages of a 

building’s life cycle to improve profitability, productivity as 
well as strategic resource planning has been turning out 
to be the business drive for life cycle modelling.  
However, the design of new buildings and facilities tends 
to focus on short-term cost and the immediate needs of 
the owner for a building that meets various business and 
functional requirements. Current technologies such as 
Computer-Aided Design (CAD) have focussed on the 
needs of designers to develop designs that meet design 

briefs that do not include life cycle design. Very little 
attention has been given to modelling of the life cycle 
costs of buildings at the design and management stages 
to forecast and achieve the most economical life cycle 
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cost. 
There are several life cycle models available for 
buildings as a whole and for their component systems; 
although there is no one model that has been accepted 

as a standard, there are some areas of commonality. Life 
cycle cost models form predictions based on several 
parameters, some of which include a degree of 
uncertainty, such as the reliability of a part. These inputs 
can range from the cost of installation to the cost 
associated with carrying spare parts in inventory 
(Siewiorek and Swarz 1982). By accurately predicting 
failure rates and repair costs, it is also possible to 

compute the optimal schedule of preventative 
maintenance for each asset. What can be predicted and 
the accuracy of those predictions depends of course on 
the availability and accuracy of the maintenance data 
that is available. Furthermore, current life cycle modelling 
systems fail to provide a seamless integration of hybrid 
information that provides users access to previously 
unreachable knowledge. 

 

3. EXISTING COMPUTATIONAL SYSTEMS 
APPLIED ON BUILDING MAINTENANCE 
 

3.1. SERFIN project 
The SERFIN Project is developed at the KBS-Media Lab, 
Lund University (Christiansson 1998). SERFIN provides 
facilities management knowledge handling that aims to: 
(a) identify and capture problems that arise in connection 
with technical maintenance of buildings; (b) make the 
problem solution process arising during maintenance of 
buildings more effective; and (c) make experiences from 

technical maintenance easily available and accessible in 
time and space. SERFIN is currently based on web 
pages on the Internet together with text query. The 
Demonstrator provides advice on how to fix an item in 
need of repair. SERFIN is used for searching building 
maintenance information with the use of hierarchical 
menus to choose: Building Part, Material, Environment, 
Problem and Action. The result of search includes similar 

documents are presented in order of relevance. 
  
3.2. Intelligent Real-Time Maintenance Management 
System  
The Intelligent Real-Time Maintenance Management 
(IRTMM) System is a project of the Centre for Integrated 
Facility Engineering (CIFE) at Stanford University. The 
objective of the system is to perform value-based plant 

maintenance as needed (Kunz et al 1995). The IRTMM 
system provides integrated subsystems for the following 
aspects of the maintenance and repair planning problem:  
Situation Assessment (SA): interprets observed data as 
being normal or abnormal and diagnoses causes and 
effects of plant equipment problems. It analyses system 
performance to identify indications for condition-based 
maintenance. Given specialised input data from 

instrumentation (e.g., pressures, flow rates) and expert 
diagnostic systems (e.g., vibration analysis), the SA 
focuses on systems diagnosis. It identifies root causes 
and effects of component problems, where some of 
those causes and effects are in the component with a 
problem, and others are in subcomponents or connected 
systems. The SA uses a combination of methods for 
assessment: (a) model-based diagnosis to identify 
details of possible problems; (b) heuristic classification to 

identify idiosyncratic problems; and (c) case-based 
reasoning to compare observed data with previous 
cases. 
Planning: Given a set of problems to repair, provided by 
the SA or by a user who is considering maintenance for 

any reason, the planner builds plans of the activities 
needed to repair a diagnosed problem. The planner can 
also merge related plans for the same or different 
components that can be performed during the same 

plant outage. Specifically, it identifies required activities 
to perform particular repairs, suggests alternative start 
times, identifies plans that can be merged, and identifies 
dependencies among plans that imply ordering of the 
sequence of plans.  
Value Analysis (VA): identifies the dollar costs and 
predicted benefits of performing every selected repair 
plan at different times. The user can consider the repair 

for any reason. Using predicted power demand and plant 
operating and maintenance cost data, the VA assesses 
the net unit operating costs associated with performing 
plans at different possible future times. The VA uses a 
decision-analysis procedure: it considers possible 
choices of repair actions and the chance outcomes that 
can arise given any choice. The value of a choice 
depends both on the choices and chances and on the 

probabilities and costs of each occurrence. Since it is 
usually impossible to get good probabilities, the system 
identifies "break-even" probabilities of failure such that 
an owner is indifferent between two options. The user 
then judges whether actual probability of failure exceeds 
the break-even.  
The IRTMM system provides interactive analyses to 
facilitate engineering decision-making, not automate it. 

Given some data from a data acquisition system, the 
system identifies candidate causes of problems and 
predicted effects. The user selects one or more 
components to analyse in more detail. After reviewing 
the system-generated plans and value analysis, the user 
selects the one or more components for repair, selecting 
both the desired repair activity and the planned repair 
time, after considering the system-generated options. 
The system is designed to reside on a computer 

network. It can receive component status information 
from an on-line data acquisition system and any 
available diagnostic expert systems, staff and equipment 
availability information from a computerized maintenance 
management system (CMMS), and projected product 
demand, cost and selling price data from a business 
database. Recommended work could be logged in the 
CMMS.  

 

4. APPLICATION OF DATA MINING ON 
BUILDING MAINTENANCE  
 
Past experience often plays a very important role in 
enhancing the building maintenance. “How often will a 
building system or a component need repair?” or “How 
much time is this repair going to take?” are the types of 
questions that project managers face daily in their 
planning activities. Failure or success in developing good 
schedules, budgets and other project management tasks 

depends on the project manager's ability to obtain 
reliable information in order to be able to answer these 
types of questions. Students and young practitioners 
tend to rely on information that is a regional average 
provided by various publishing companies. This is in 
contrast to experienced project managers who tend to 
rely heavily on their personal experience. Another aspect 
of building maintenance is that facility managers seek to 
improve the available scheduling algorithms, estimating 

spreadsheets and other project management tools. Such 
a “micro-scale” level of research is important in providing 
the required tools for the project manager's tasks. 
However, even with the best such tools, low quality input 
information will produce inaccurate schedules and 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

94 

budgets as output. Thus, it is also important to have a 
broad approach of research in a "macro-scale" level.  
The advancements of data collection, the introduction of 
bar codes for almost all commercial products, and 

computerisation in the Architectural, Engineering, and 
Construction (AEC) industry have generated a flood of 
data. Substantial development of data storage 
technology, such as faster, higher capacity, and cheaper 
storage devices , better database management systems, 
and data warehousing technology, have allowed the 
transformation of this enormous amount of data into 
computerized database systems. As the AEC industry is 

adapting to new computer technologies in terms of 
hardware and software, computerised building data is 
becoming more and more available. However, in most 
cases, this data may not be used, or even properly 
stored for several reasons (Soibelman and Kim 2002): 
(a) project managers do not have sufficient time to 
analyse the computerised data; (b) the complexity of the 
data analysis process is beyond the capabilities of the 

relatively simple building maintenance systems 
commonly used; and (c) there has been no well defined 
automated mechanism to extract, pre-process and 
analyse the data and summarise the results so that the 
site managers can use it. 
However, there is a great deal of valuable knowledge 
that can be obtained from an appropriate use of this 
data; there is a need to analyse this increasing amount 

of available data and Data Mining can be applied as a 
powerful tool to extract relevant and useful information 
from this sea of data. Data Mining (also known as 
Knowledge Discovery in Databases, or KDD) has been 
defined as "the nontrivial extraction of implicit, previously 
unknown, and potentially useful information from data" 
(Frawley et al 1992). It uses machine learning, statistical 
and visualisation techniques to discover and present 
knowledge in a form that is easily comprehensible to 

humans. Mining data will enable us to understand how 
systems that were once thought to be completely chaotic 
actually have predictable patterns (Peitgen et al 1992). 
Through KDD, the patterns and causal relationships 
behind apparently random data in AEC projects can be 
found. By applying KDD to identify novel patterns, project 
managers will be able to build knowledge models that 
may be used for the recurrent activities of on-going 

construction projects, as well as for a future project 
activities, and avoid unanticipated consequences 
(Soibelman and Kim 2002). It presents a significant 
potential for addressing the problem of transforming 
knowledge implicit in data into explicit knowledge for 
decision makers. 

 

 
Figure 2: Pre-processing and transformation of data into 

a format suitable for data mining 
 

In contrast to traditional methods of statistical data 
analysis, KDD is an automated process that discovers 
new trends and patterns without the need for human 
intervention. KDD takes input variables whose relevance 
may not be obvious to a designer but which becomes 
evident as result of this process. In addition, KDD makes 

no prior assumption about the probability distribution of 

the input variables (Gaussian, Poisson, etc.), as is 
required in statistics, and is therefore more robust and 
general. However, like other methods, the process of 
transforming the data to be in a format suitable for 

knowledge discovery is not automated and has a large 
impact on the results obtained. The pre-processing of 
data, shown schematically in Fig. 2 is an important step 
in a successful application of data mining. 
 

5. A DATA MINING APPROACH ON BUILDING 
MAINTENANCE DURING BUILDING LIFE 
CYCLE 
 
The approach presented in this paper is based on a 
comprehensive view of the building management 
problem. It views the process of building design, 
maintenance, and replacement as a process generating 

an enormous amount of information. While current 
practice addresses parts of this information generation 
and management, our approach attempts to account for 
the life cycle flow of this information. The costs of 
designing and building structures are much smaller than 
the costs of operating a building or other structure over 
the course of its life span. The knowledge that becomes 
available through data mining enables a building owner 

to make important decisions about life cycle costs in 
advance, thereby significantly affecting and improve 
design decisions. The rich set of building data that is 
created during the design and documentation phase of 
the building remains relevant even after the building is 
constructed, and the data only becomes richer as 
maintenance data is added. Architects, interiors 
designers and engineers, as well as contractors, 

marketing and sales personnel, and building managers 
and owners can extract information from the databases 
for the building's renovation, maintenance, and 
operation.  Fig. 3 outlines the proposed model of the flow 
of information in building design and maintenance. The 
bold arrows depict the functionality provided in this 
approach while the dashed arrows describe the scope of 
present approaches to building information management. 

 
Figure 3: The role of Data Mining in the building life 

cycle 
 

Data mining techniques can be used effectively on data 
stored in a Building Maintenance System (BMS) by 
creating knowledge that can be used in future 

management and design decision making. Knowledge 
that implicitly resides in BMS databases includes 
information about: (1) components that frequently need 
maintenance and therefore need to be inspected 
carefully; (2) historical consequences of maintenance 
decisions that may inform future decisions; and (3) 
components of buildings that significantly determine 
maintenance cost and therefore may inform future 
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building designs, as well as refurbishment of the building 
in question. This information can be extracted using Data 
Mining techniques and used to improve all phases of the 
building life cycle, both for current and future buildings, 

as indicated by the numbers on the arrows in Fig. 3 that 
correspond to the three types of knowledge listed above. 
The quality problems in the AEC industry are very costly; 
it has been shown that major factors contributing to 
construction quality problems include inadequate 
information and poor communication (Arditi and 
Gunaydin 1998). The detection of previously 
undiscovered patterns in BMS data can be used to 

determine factors such as the cost effectiveness and 
expected failure rate of assorted building materials or 
equipment in varying environments and circumstances. 
These factors are important throughout the life cycle of a 
building, and such information could be used in the 
design, construction, refurbishment, and maintenance of 
a building site, representing a substantial decrease in 
cost and increase in reliability.  The Data Mining process 

can be used to identify the causes of problems such as 
cost overrun and quality control/assurance. Predictable 
patterns may be revealed in construction data that were 
previously thought to be chaotic.  
 

Table 1: Data mining tools evaluated 

Product Company URL  

Know ledge 
STUD IO  

Angoss www.angoss.com 

Clement i ne SPSS Inc. www.spss.com/spssbi/clementine/ 

Ent erpr ise M ine r SAS Institute www.sas.com/products/miner  
Int e l l igent  M ine r IBM www.software.ibm.com/data/intellimine 

Oracle 9 i  Da ta 
M in ing  

Oracle 
Corporation 

www.oracle.com/ip/deploy/database/ 
oracle9i/ 

S-P lus  
Insightful 
Corporation 

www.insightful.com  

WEKA 
University of 
Waikato 

www.cs.waikato.ac.nz/~ml/weka  

 
Table 2: Classification methods comparison 

Product 
Regress

ion 

Decisio
n Tree 

Neural 
Nets 

Bayes 
Class 

Meta 
Learn 

K-
nearest 
neighb. 

Explain 

based 

Know ledge 
St ud io  

X X X X X  X 

Clement i ne X  X   X  
Ent erpr ise M ine r X X X    X 

Int e l l igent  M ine r X X X   X  
Oracle 9 i  Da ta 
M in ing  

X X X X   X 

S-P lus  X       
WEKA X X X X X   

 
 

5.1 Analysis of data mining software 
There are currently hundreds of mining tool vendors. A 
large number of reviews of data mining software is also 
available at (Goebel and Gruenwald 1999; Elder and 
Abbott 1998). The six leading data mining tools have 
been reviewed and illustrated in Table 1.  Table 2 shows 
comparisons between these six tools on classification 
methods. It is noted that commercial data mining 

vendors in many cases do not disclose the nature of the 
algorithms. Therefore, our review of these tools from the 
point of the algorithms they are using is somehow 
limited. Also in the last three years, a significant 
convergence emerged between the major tools that not 
only look very similar from user point of view but also the 
performance appears very similar as well. Based on this 

analysis, WEKA (Witten and Frank 2002) has been 
chosen since it is better in scalability and functionality 
than the other packages and WEKA is freely available. 
Furthermore, the WEKA package is an open source 

software built in Java which can easily embedded into a 
pilot decision support system. 
 
5.2. Demonstration of Using data mining techniques 
on building maintenance 
Data mining techniques applied in this demonstration 
includes visual data analysis and data mining algorithms 
of decision trees and association rule. A histogram is 

used in the visual data analysis wherein data is collected 
and sorted into categories. Histograms focus on the 
frequencies and distributions of one particular attribute. 
WEKA incorporates a stacked histogram which allows 
three judgments:  (a) the  trends on the total height of the 
columns, (b) the proportion of each category within  each 
column; and (c) the trends in the lowest category (Dix 
and Ellis 1998).   This interactive stacked histogram 

solves the problem of cross comparison of  standard 
histogram by allowing different trends to be analysed 
using the same graph.  The decision tree algorithm is a 
tree-based knowledge representation methodology used 
to present classification rules. The leaf nodes present 
class labels. Various classification algorithms offered by 
WEKA have been applied and it was found that several 
algorithms were not able to deal with the maintenance 

data sets available due to some limitation in processing 
certain data types. For instance, some algorithms were 
not able to accommodate numeric values while others 
failed to accommodate nominal variables. The C4.5 
algorithm (built on the top of ID3 proposed by Quinlan 
(1993), was selected because of its capability to deal 
with numeric and nominal variables, and to handle 
missing values and pruning. The latter can be done by 
replacing a whole sub-tree by a leaf node if the expected 

error rate in the sub-tree of a rule obtained is greater 
than it in the single leaf. The C4.5 algorithm generates a 
classification-decision tree for a given data-set by 
recursive partitioning of data. Once the tree is 
constructed, rules can be generated by traversing each 
branch of the tree and collecting the conditions at each 
branch of the decision tree. The association rule 
technique involves finding frequent patterns, 

associations, correlations, or causal structures among 
sets of items or objects in transaction databases, 
relational databases, and other information repositories 
(Han and Kamber 2001). The association rule algorithm 
adopted in WEKA is “Apriori” which is developed by 
IBM’s Quest project team. Apriori finds all associations 
that satisfy a set of criteria with minimum support and 
minimum confidence. Support (also called coverage) 

refers to the number of instances predicted correctly. 
Confidence (also called accuracy) is the proportion of the 
number of instances that a rule is correctly applied to 
them (Witten and Frank 2000). Rules with high support 
are of interest and some rules are pruned out due to their 
low coverage.  The above data mining techniques were 
applied on a selected data  set of battery chargers at 
Building No. 10, Royal Prince  Alfred Hospital, Central 

Sydney Area Health Service. The evaluation of the 
results  obtained from mining the maintenance data and 
their  potential benefits to facility managers on building 
maintenance are shown in Tables 3, 4 and 5 for battery 
chargers, air handling units and thermostatic mixing 
valves respectively. 
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Table 3: Some results of applying data mining techniques on maintenance data of battery chargers 
Data M in ing 
Technique 

Data M in ing Resu lts  
Potent ia l  b enef i ts  to  fac i l i ty  manage rs  on 

bui ld i ng maint enance 

• All outstanding works took place around 
December 2002. 

Direct the allocation of maintenance resources at the 
appropriate time of the year to achieve better planning 
and scheduling of maintenance work.  

• Asset “EPG0101” belongs to cost centre 
“1000” while the cost centre for other assets were not 
available; 

Visual Analysis 

 

• There is fee charge with asset “EPG0101” 
while no charge for “EDG1000-01”. 

Devise an appropriate way of billing to monitor the life 
cycle cost for each asset (system or a component). 

Decision Tree 
Algorithm (C4.5) 

• For all tasks with work order No > 66195, and 
some tasks with work order No. between 48002 and 
66195, completions did not meet the expectation of 
completion date. 

A special attention should be directed to certain tasks in 
the building wherein maintenance work is required more 
often. 

Associative Rules 
Algorithm 

• 57% of workorders were completed within the 
expected completion date. 

Only 57% of maintenance works completed as planed 
might reflect substantial problems of maintenance 
procedures carried out with battery chargers. 

 
Table 4: Some results of applying data mining techniques on maintenance data of air handling units 

Data M in ing 
Technique 

Data M in ing Resu lts  
Potent ia l  b enef i ts  to  fac i l i ty  manage rs  on bu i ld i ng 

ma int enance 

Decision Tree 
AlgorithmC4.5, 

Department 26462 only reports A/C malfunction. (all 18 
cases) 
96% jobs for cost_centre = 0 is CM (corrective 
maintenance). 

A special attention should be directed to certain places in the 
building wherein maintenance work is required more often.  

Association Rule 
Algorithm 

For floors 5, 6 and 7, the workOrder_Status was always 
completed 

Benefiting from successful maintenance practices including 
both equipments and labour is useful to achieve a high level 
of an overall maintenance performance 

 
Table 5: Some results of applying data mining techniques on maintenance data of thermostatic mixing valves 

Data M in ing 
Technique 

Data M in ing Resu lts  
Potent ia l  b enef i ts  to  fac i l i ty  manage rs  on bu i ld i ng 

ma int enance 

Decision Tree Algorithm 
(C4.5) 

All monthly high priority works are carried out in the later part 
of the year – July to November. 

Distribution of priority of maintenance work is important in 
planning and scheduling maintenance work and resources 

Association Rule 
Algorithm 

There is an incremental relationship between the work priority, 
the estimated time to complete the work and associated 
budget 

A better planning and scheduling will help to advance this 
pattern of relationship 

 

6. DISCUSSION 
 
Data mining is a capability consisting of the hardware, 
software, "warmware" (skilled labour) and data to support 

the recognition of previously unknown but potentially 
useful relationships. Data mining is a process that uses a 
variety of data analysis tools to discover patterns and 
 relationships in data and using them to make valid 
predictions . It supports the transformation of data to 
information, knowledge and wisdom. It is important to 
note that data mining is not software alone, as some 
vendors would have clients believe. While software may 

play an important role, it is only in the context of clear 
objectives and careful thinking from management point 
of view along with the skill of the analyst that data mining 
ultimately leads to a success story rather than an 
embarrassing and costly failure. Data mining can be 
used for anything from asset and inventory management 
to predictive  maintenance to banking and finance. 
Knowing when a building system or a component will 

break before it breaks, in plenty of time for repairs to be 
 conveniently and cost-effectively scheduled and 
executed, is an exciting application of this  technology 
that can add dollars to the bottom line.  A successful 
application of data mining requires commitment to 
financial and technical resources, highly qualified 
analytical talent, the cleanup and maintenance of clean 
data, and the willingness to learn and act upon the 
results. Therefore, data mining can provide a powerful 

competitive advantage (Labovitz 2003).  

Facility managers and building owners are more 
concerned with highlighting areas of  existing or potential 

maintenance problems in order to be able to improve the 
building  performance, satisfy occupants and minimise 
the operational cost of maintenance.  Applying data 
mining techniques on the available industrial 
maintenance data has  helped to discover useful rules 
that allowed locating some critical issues that will have 
 substantial impact on improving the management of 
building life cycle.  Before using rules to change 

operations, it is important to examine the rules. Rules 
produced by associations and sequencing show 
correlation, not cause. For this a domain expert is 
required who must then determine. Unexpected rules 
that don’t make sense may also signal other, more 
nefarious, activity, such as pilfering. 
Data mining of building maintenance can help to 
discover: procedures that reduce future failures; repairs 
or maintenance operations that are being done 

improperly; ways to improve repairs that reduces 
subsequent down time; undocumented methods being 
used by experienced personnel that result in reduced 
down time; advance notice of likely failures before 
failures occur. Such discoveries can be used to modify 
building maintenance and repair procedures thereby 
reducing downtime, increasing uptime, and significantly 
reducing the costs of maintenance and repair. 
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ABSTRACT: Information in construction industry is delivered and interpreted in a language specific to 
the industry in which large complex objects are only partially described and with much information 
being implicit in the language used. Successful communication therefore relies on participants in the 
industry learning how to interpret the language through many years of education, training and 
experience. With the introduction of computer technology, and in particular the detailed digital building 
information model (DBIM), the accepted language currently in use is no longer a valid method of 

describing the building. At all stages in the paper based design and documentation process it is 
generally readily apparent which parts of the design require further completion and which are fully 
resolved. This is able to be achieved through the complex graphical language currently in use. In the 
DBIM, all information appears at the same level of resolution making difficult the interpretation of 
implicit information embedded in the model. This compromises the collaborative design environment 
which is being described as a fundamental characteristic of the future construction industry. 
This paper focuses on two areas. The first analyses design resolution and the role uncertain 
information plays in the design process. It then discusses the manner in which designers and the 

industry in general deal with incomplete or unresolved information. The second describes a theoretical 
model in which a design resolution (DR) environment incorporates the level of design resolution as an 
operable element in a collaborative DBIM. The development and implementation of this model will 
allow designers to better share, understand and interpret design knowledge from the shared 
information during the various stages of digital design and before full resolution is achieved.  
 
Conference theme: Computers and architecture 
Keywords: soft information, design knowledge cognition, design resolution, DR environment  
 

 

INTRODUCTION 
 
Projects in the construction industry are characterised by 
large numbers of participants from diverse areas using 
paper based documentation to share information. In 
order to capture and communicate design knowledge, a 
language specific to the industry is used in which large 
complex objects are explicitly and implicitly described by 
a standardised graphical vocabulary. Through personal 

experience and training, participants learn how to 
interpret the meanings embedded in the documents in a 
manner to suit their individual needs. With the 
introduction of computerised three dimensional building 
modelling and simulation technology, and in particular 
the detailed digital building information model (DBIM), 
much of the conventional graphical vocabulary is being 
replaced by detailed and precise building product 

information. When building information is digital, all the 
information appears at the same level of completion 
when viewed on a computer screen. This rigidity in the 
presentation of information in the DBIM makes it difficult 
to interpret the level of completeness of a design in a 
collaborative building design environment. To achieve a 
collaborative building design environment, a 3D 
computer Computer-Aided Design (CAD) based 

operational environment which can incorporate implicit 
design resolution information is necessary.  
 

1. CONVENTIONAL DESIGN LANGUAGE 
 

For hundreds of years, creation and communication of 
architectural design information has been largely relying 

on the use of paper-based project documentation which 
is a shorthand record of project specific information and 
knowledge (Coulson 2002). Although paper based 
information is not complete nor perfect in representation 
(Chambers & Reisberg 1992; Chan & Dawson 2004), it 
facilitates the recognition and retrieval of design 
information and knowledge within a complex design 

environment (Larkin & Simon 1987; Do 1995). Drawing 
with pen and paper has been one of the main tools of 
architectural design which is dominated by a 
diagrammatic language specific to the construction 
industry. Drawings may be constructed of geometric 
primitives with the language used representing formal 
knowledge. By using this graphical representation, the 
language summarizes the outcomes of critical decisions 

made during design processes and describes complex 
design concepts and knowledge that needs to be 
inferred by competent communicants (Do 1997; Coulson 
2002; Do 2002b, a). For instance, designers use lines 
and hatching to represent different dimensions and 
material to be used for various wall types. Design 
consultants may interpret different graphical elements as 
having different meanings in the architectural design 

process. For example, different types of arrows may 
represent various spatial relationships and circulation 
paths by architects. For structural and mechanical 
engineering design, arrows may be used to represent 
different forces or pressures applied to building 
components. Meanwhile, to environmental specialists 
arrows may refer to the indicators for different travel 
directions of light rays and sound waves (Do 1995; Do et 
al. 1999; Do 2002b, a). (see Figure 1) 
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Figure 1: Conventional building design uses graphical 

representation and a language specific to the 
construction industry to represent complex architectural 

concepts. Part of the language shows explicit information 
(i.e. spatial relationships, lighting and acoustic analysis 
and construction detail), whereas some meanings are 

implicit (design options and resolution). Some of the 
meanings have to be inferred by communicants. 

  

2. DIFFICULTIES WITH BUILDING DESIGN 

 
The building design process is one of the most important 
tasks in construction industry. However, even with the 
advent of information technology, the support of the 
creative design process from these technologies is still 
limited, particularly in the initial design phase. There are 

at least two main reasons for the situation.  
 
2.1. Fragmentation of knowledge 
Projects in the construction industry are characterised by 
large numbers of participants from diverse areas using 
paper-based documentation to share information. The 
fragmentation of building knowledge results from 
heterogeneous backgrounds of the many participating 

professions including their personal goals, perception 
and experience in the construction industry. These 
differences result in errors and conflicts through 
misunderstanding and misinterpretation of 
communicated knowledge (Chambers & Reisberg 1992; 
Kalay 1999). 
 
2.2. Fuzzy design process and soft design 

information  
Building design is a problem solving process that 
consists of production and interpretation (Larkin & Simon 
1987; Tang & Gero 2001). One characteristic in the 
process is the incremental development of vague design 
ideas via the continued manipulation of unresolved 
design information until the outcome is finalized. During 
the process, multi-disciplinary design information is 
generated and integrated by various participants 

(Deshpande et al. 2004). Being able to identify and share 
generated design knowledge is a crucial but difficult 
action in collaborative design, especially during the 
conceptual design phase (Chan & Dawson 2004). This is 
partially due to building design being an intuitive and 
iterative process which consists of interdependent and 
unclassified activities (Deshpande et al. 2004). It is 
therefore difficult to fully describe the entire process. 

Extensive research studies such as lateral transformation 
(Suwa et al. 1998), “see-move-see” process (Schon & 
Wiggins 1992), “seeing as” and “seeing that” in the 
dialectics of the sketching process (Goldschmidt 1991), 
protocol analysis (Schon & Wiggins 1992; Do et al. 1999), 
creative cognition (Finke et al. 1992) and unexpected 
discoveries (Suwa et al. 1999) have put forward possible 
explanations of the fuzzy nature of the design process. 

When these issues are translated to the digital 
environment, the inability to capture and share 
comprehensive unresolved (or soft) design knowledge 
generated during the process results in difficulties with 
the collaborative use of building design.  
Soft design information may include abstract design 

concepts which are highly volatile. It can also refer to an 
unconfirmed design task that is subject to be further 
detailed development such as the dimensions of 
structural building elements or the selection of lighting 

devices etc. (Chan & Dawson 2004). The ability for 
current information technology systems and particularly 
3D CAD modelling to capture and describe the variety 
and levels of resolution of soft information is severely 
limited compared to the more traditional drawing 
language currently being used (see Figure 2).› 
 

 
Figure 2: Soft information represented by sketches is 
characterized by fuzzy features, meanwhile digitalized 
information represented by computer is homogenous 

and rigid (Chan & Dawson 2004). 
 

3. COGNITION OF KNOWLEDGE COGNITION 
 

Designers require fresh information to support decision 
making in a project. To reason and share the ambiguities 
within soft design knowledge, communicants rely on 
personal interpretation of the graphic language 
developed through many years of education, training and 
experience. This depends on individual specialized 
building knowledge with various professions interpreting 
drawings differently by connecting and filtering 

information through their specialised knowledge. The 
languages of specific fields interpret and convert 
graphical information into the more complex meanings 
behind the depictions. This process of knowledge 
cognition builds up in designers a reflective dialogue with 
the language of communication used in the design 
environment.  
On top of the knowledge cognition, designers evaluate 

the quality of all of the lines, patterns, texts and symbols 
in a drawing every time they receive information in order 
to estimate the level of completeness of the design 
information. This perception of design resolution forms 
an overlay to the specialised knowledge. This unique 
language is important to knowledge cognition and the 
building design process for several reasons. 
 

3.1. Indicator for design progress 
Information metamorphosis is the term that may be used 
to describe the change of the state of soft design 
information from less tangible and less resolved to more 
tangible and better resolved during incremental design 
development (Chan & Dawson 2004). Although the level 
of design resolution and its change of state is abstract 
and difficult to fully describe, it forms a coherent path for 
conventional design language indicating the degree of 

resolution of design information in the design process. 
 
3.2. Specialized knowledge leads to design 
resolution 
Despite the diversity of design knowledge, every 
program of collaborative building design is achieved 
through the incremental development. During the course 
of information metamorphosis, increasing quality and 

reduced ambiguity of all soft design information is a 
prevalent and a crucial element in all areas. 
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3.3. Interpretation experience for all designers 
Design is a decision making process with an associated 
information exchange (Coulson 2002). Designers share 
understandings via visualized representation (Do et al. 

1999). Because the integrity of the design resolution lies 
in the conventional graphical language, all designers are 
required to interpret the language and establish their 
contribution to the design task. During the process 
designers alter the level of design resolution when they 
transform ideas and generate alternatives. They are also 
required to represent the solutions by integrating 
specialised knowledge at an appropriate level of design 

resolution into a communicable language that others can 
understand  
 

4. DIGITAL DESIGN AND SOFT INFORMATION 
 
Development of computer technology like Computer-
Aided Design (CAD) systems, information technology 
and software programming has been beneficial to the 
construction industry in recent years. All of these 
developments provide support to extensive areas and 

different processes in collaborative building projects. For 
instance, CAD systems have improved the precision and 
quality of information production (although not 
necessarily the quality of information itself). Development 
of virtual modelling ability provides opportunities for more 
accurate perception and real time experiences of 
buildings even at the early design stages. The use of 
environmental analysis programs also provides 

evaluations of designs to support performance prediction 
in building design (Mitchell & McCullough 1995; Szalapaj 
2001). The emergence of internet and information 
technology (IT) has facilitated the communication and 
distribution of building information in collaborative design 
environments. With the provision of the information 
superhighway (Schmitt 1999), on-line product libraries or 
catalogues, real time virtual design studios and video 

conferences have become possible (Mitchell 1995; 
Coyne et al. 2001; Lee & Gilleard 2002). IT also offers 
great potential for improving design practices’ 
management, coordination and overall productivity in the 
industry (Augenbroe & Amor 1997; Forese 1999). The 
development of programming languages like HTML, 
JavaScript and XML has increased the information 
handling ability within a virtual distributed environment 
(Cohen 2000). 

However, anecdotal evidence indicates that participants 
are dissatisfied with those technologies. This appears to 
be partially because drafting, rendering or modelling of 
constructed drawings and nearly finished building 
designs is no longer the main purpose of computers in 
construction industry. The standard graphical user 
interface (GUI) or windows, icons, menus, and pointers 
(WIMP) interfaces that have dominated CAD systems 

through the 1980s and 1990s cannot support the natural, 
flexible interactions needed to perform complex tasks 
such as sketching as a support for design (Schmitt 1999; 
Do 2002a). More importantly, all digitalised information is 
homogenously displayed as totally completed on the 
computer screen. Designers can only interpret part of the 
digitalised vocabulary without being able to refer to 
different degrees of resolution of the partially resolved 

information (Chan & Dawson 2004). This inability to 
describe and communicate the level of design resolution 
associated with soft design information becomes one of 
the main obstacles in achieving a fully comprehensive 
collaborative design environment. A mechanism for the 
systematic acquisition and communication of design 
knowledge and intent during the creative design process 

becomes necessary. 
 
4.1. Soft computing and iterative design 
In order to assist the natural design process, there have 

been efforts to acquire design information by capturing 
human design gestures. The spatial reasoning engine in 
the Electronic Cocktail Napkin program uses graphical 
rewrite rules to check and produce binary relations 
between geometric primitives and building information 
(Do & Gross 1996; Do 2002a). The fuzzy knowledge-
based system attempts to incorporate users’ intent into 
the 3D geometry model by the segmentation of sketch 

input into 2D primitives and 3D recognition (Qin et al. 
2000). The automatic 2D/3D sketch recognition in the 
prototype system I-MAGI transforms human-computer 
interaction into an intelligent vague geometric modelling 
method in conceptual design (Lim 2002). VR Sketchpad 
uses drawings on a transparent window and 
personalised definitions and drawing features to 
generate a 3D geometric model through VRML scenes 

on the web (Do 2001). Geometric modelling using a clay-
based Wizard of OZ technique aims to support both 
speech and gestures in dynamic feedback loop in 
conceptual design (Verlinden et al. 2001).  
Despite these significant developments they reduce the 
computer to an electronic pencil or modelling aid, and 
facilitate faster ways of producing the mistakes of the 
past (Schmitt 1999). Other attempts like the knowledge-

based systems (Miles & Moore 1994), knowledge 
modelling of soft data in fuzzy logic by fuzzification and 
defuzzification (Durmisevic et al. 2001) and the 
classification of fuzzy attributes by fuzzy logic, neural 
network with genetic algorithms (Ciftcioglu 2003; 
Ciftcioglu et al. 2003) have tried to incorporate vague 
information in the building design process. However, 
these systems are currently excessively complex to fit 
into the reflective building design process within which 

industry based designers operate. 
 
4.2. Digital building information modelling 
The introduction of digital building information modelling 
(DBIM) and international data model standards eg IFC by 
IAI (IAI 1999) is claimed to be a potential solution to the 
construction industry. DBIM can be seen as a full digital 
documentation or information repository describing all 

building components in a project from the initial design 
stage through the entire building lifecycle. The DBIM not 
only digitalises building information as traditional CAD 
systems do. The use of the conventional language used 
in paper based documentation is also replaced by data 
rich semantic information of building products (Wix & 
Liebich 1997; Eastman 1999; van Leeuwen & Fridqvist 
2002a). As a result, the acquisition of design information 

no longer relies on personal interpretation to extract the 
complex meanings behind graphical representation. 
Instead, accurate information of every building 
component can be obtained by checking standardized 
object details. However, the DBIM still has some 
unresolved technical difficulties such as the limitations in 
flexibility and extensibility of semantic information content 
and data exchange capability etc (Forese 1999; 

Vergeest & Horvath 2001). Development of feature-
based modelling (FBM) is an example that attempts to 
deal with the limitations in the extensibility and flexibility 
of the ordinary object definition in product modelling. As 
a result, new building product definitions can be created 
in a flexible manner and building design is not restricted 
by building product standards (Van Leeuwen & Wagter 
1998; van Leeuwen & Fridqvist 2002a; van Leeuwen & 
Fridqvist 2002b). Despite this, the problem with the 
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inadequate definition of design resolution associated with 
soft design information in a collaborative design 
environment is still apparent. 
 

5. DESIGN RESOLUTION IN COLLABORATIVE 
DIGITAL BUILDING DESIGN 
 

In order to achieve a comprehensive collaborative 
building environment, both explicit and implicit design 
knowledge should be able to be communicated. It is 
evident that the level of design resolution is an implicit 
but coherent part of soft design information. Although 
significant, interpretation of content and resolution relies 
heavily on individuals both in terms of generation of the 
communication medium and its subsequent interpretation.  

The question remains as to whether design resolution 
information can be formally utilised and communicated in 
a collaborative digital design environment? Several 
issues require resolution.  
1. Representation of design resolution. Design resolution 

can be represented using a qualitative or graphic 
description which gives symbolic meaning. The 
graphical description is consistent with current 
graphical interfaces to digital data and is consistent 

design with resolution being an abstract element which 
describes the quality of soft building design information. 
Although the design resolution level may be 
represented quantitatively, such as percentage 
complete, this is does not provide the rich and diverse 
information used in a primarily graphically oriented 
communication process. 

2. Reflective of design process. The model should be 

able to reflect the quality of design knowledge in 
relation to the design process. Recognition and 
modification of design resolution should be easy, 
simple and require no special knowledge to be applied 
in the reflective environment. 

3. Applicable to all participants. In order to incorporate 
design resolution in collaborative building design, there 
should be a single simple interface for all design 

professionals. Without this, further fragmentation of 
design information will develop making communication 
more complicated.  

4. Flexible. Different levels of design resolution exist 
once building design begins. The definition of design 
resolution should commence at the beginning of design 
and be supported throughout the entire process 
regardless of design stage, design context or design 

professionals. 
 

6. DESIGN RESOLUTION (DR) ENVIRONMENT  

 
The development of the Design Resolution (DR) 
environment is a novel 3D CAD based operational 
construct. It aims to assist full cognition of digitalized 
design knowledge describing different degrees of 
resolution in soft design information throughout the entire 
collaborative building design process. By utilising design 

resolution as an adjustable parameter in the collaborative 
design environment, different levels of design resolution 
of partially resolved building elements can be clearly 
identified and differentiated. This will provide a 
comprehensive control to indicate the change of state of 
soft design information and the transformation of the 
design resolution level during the course of information 
metamorphosis. As a consequence, designers can 

accurately interpret the meanings of design information 
with appropriate indications of design resolution in 
collaborative design environment. This is a key element 
in a collaborative environment in which, by definition, 

partially complete information is distributed. 
The initial focus of CAD systems is precision and 
production. In order to develop a descriptive building 
element in such a technical environment, designers have 

to shift from a productive to more descriptive focus. The 
DR screen is an overlay function in 3D CAD based 
working environment which aims to assist designers’ 
operational shift from production to design. Once 
designers turn on the DR screen in the normal 3D CAD 
based environment, DR environment will be available 
and the information on the computer screen will be 
displayed according to its level of design resolution. As a 

consequence designers can concentrate on the 
recognition and manipulation of design resolution 
information. Designers can also control the display of 
design resolution at three levels. 
1. Marco-level displays the overall DR level of all design 

components at the same time,  
2. Micro-level displays an overall DR level of a selected 

building component and  

3. Parametric level displays DR levels of individual object 
parameters as a DR attribute, which is the extension of 
the existing object attributes in the DBIM.  

From the creation of the abstract idea to detail 
development, design components experience 
development in all aspects including design resolution. 
Six DR Classes are the predefined definitions in the DR 
environment which facilitate the definition of the change 

of state of soft design information during the course of 
information metamorphosis (see below). Manipulation of 
DR Classes is designed as a simple manual process. 
Whenever designers consider a change in design 
resolution, they are only required to shift the relevant DR 
Class indicator located next to the parameter of the 
object attribute in the DBIM and the change is instantly 
made. Designers can also record the intention of every 
decision made to the object in a Design History Journal 

(DHJ) in the object attribute. By working with the DR 
Classes and DHJ, full design knowledge including 
precise design information, relevant design resolution, 
detail design intent and design development history is 
systematically captured and communicated. This 
information is then available for use by any participants 
in a collaborative design environment (Chan & Dawson 
2004). (see Figure 3). 

 

 
Figure 3: Proposed interface of an object DR attribute. 

Each design parameter its own design resolution control. 
It allows a reflective and independent control on design 

resolution in each object parameter. Design History 
Journal (DHJ) records and describes the intention of 

every design changes. (Triforma Window Frame 
modified to include DR data 
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Figure 4: Conceptual hierarchy of DR classes consists of Override, Abstract, Unconfirmed, Neutral, Confirmed and 

Frozen classes. DR Classes can be further sub-divided when necessary. 
 

Six adjustable and interchangeable DR Classes have 
been developed at present with the DR Classes able to 
be further sub-divided when necessary. Abstract, 
Unconfirmed, Neutral and Confirmed Classes describe 
four different levels of resolution of soft design 
information. Modification from Abstract (the softest or 
least resolved state) to Confirmed (the hardest or 
finalised state) Class represents the change of state from 

a highly volatile concept to a fully resolved design. The 
Frozen class is a design decision control mechanism. It 
functions as a decision lock, where only an authorised 
person can lock or unlock it. Whenever a design 
proposal is waiting for approval, relevant object 
parameters will be temporarily locked and shown as 
Frozen. An appropriate DR Class can be reassigned to 
the design proposal after it is evaluated by an authorised 
person. Override class is a unique class among the six 

which describes crucial design impacts or changes that 
affect the overall design after the completion of the 
design process. The use of the Override class will 
usually cause a substantial review on a major part of the 
completed design and assigned DR Classes (Chan & 
Dawson 2004). (see Figure 4) 

 
DISCUSSION AND CONCLUSIONS 

 
Communication of partially resolved design information in 
the construction industry has been problematic 

particularly on a digital environment. Fragmentation of 
building knowledge and the inability to reflect the 
fuzziness of design information can be a contributor to 
the situation. Within the 3D CAD based model, the DR 
environment aims to incorporate implicit design 
resolution into the collaborative design environment. With 
the provision of the overlay function (DR screen), the 
working focus of designers can shift from production to 
design. The adjustable measuring mechanism (DR class) 

provides a tangible descriptor for design resolution with 
the DHJ storing design intent and subsequent decisions 
throughout the design process. 
DR environment allows partially resolved design 
information and design resolution levels to be used and 
communicated in the collaborative design environment 
even before design decisions are finalised. Participants 
can now clearly identify and differentiate which 

information is finalised and which requires further 
development. This allows partially completed design 
information to be distributed to other designers with the 
knowledge that the level of completion of different parts 
of the design can be identified. With this information 
being made available information will be able to be 
distributed earlier in the design process. This will 
facilitate the allianced collaborative design environment 

which will be one of the characteristics of the future 
construction industry delivering quality and 
environmentally sustainable outcomes (Dawson 2004). 
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ABSTRACT: In view of the current emphasis on energy conservation and building performance, 
computational design support tools can be readily applied to appraise new building designs. This study 

investigates the visual and energy performance of an air-conditioned multi-purpose school hall in 
Singapore when it is subjected to volumetric changes. Two computational support tools are used to 
simulate the changes in energy load and illuminance level as the multi-purpose school hall is extended 
horizontally and vertically. Various performance mandates are compared between the two extension 
models and the base model for the justification of a better alternative design. Based on the results of 
computer simulation, the vertical extension model excels in terms of thermal loads and lighting 
performance. It requires a lower cooling load, utilizes more daylight and gives a better overall 
illuminance performance than the horizontal extension model. Although the horizontal extension model 

demands a higher energy load, it is a more energy efficient design due to its larger usable floor area. 
The findings of this study may provide some insights to the suitable architectural design of a building in 
the event of extension works. 

 
Conference theme: Computers and architecture 
Keywords: computational design support tools; energy load; lighting performance 

 
 

INTRODUCTION 
 

With the advent of modern technology, greater 
complexity in building design is expected. Computer-
based design support tools serve to formalize these 
challenging designs into some visual forms, so that the 
prediction of building performance is more 
apprehensible. In view of the recent implementation of 
performance-based building legislations in Singapore 
(BCA 2004), computer simulation will become a more 

critical tool to evaluate and appraise innovative designs. 
Among the various performance mandates, energy 
efficiency is considered one of the most important criteria 
to satisfy in building designs.  In Singapore, buildings 
account for about 34% of the electricity consumption 
(Lee 2001). Of which, two main energy consumers can 
be attributed to air-conditioning and artificial lighting, 
taking up to 60% of the energy usage (NEEC c2003). 
Since these are the main contributors to energy 

consumption, they must be carefully designed to 
enhance the energy efficiency of the building.  In this 
respect, computer simulation provides a reliable means 
to justify the satisfaction of both energy conservation and 
building performance. 
In this study, a newly constructed multi-purpose school 
hall in Singapore has been selected for lighting and 
energy simulation. The objective of the study is to 

investigate the changes in visual and energy 
performance when there is a volumetric increase in 
building dimensions. Two scenarios of volumetric 
increase are created, one by extending the horizontal 
length of the multi-purpose school hall and the other by 
raising its height. In both cases, the percentage 
volumetric increase is fixed at 20% over the original 
design. 

Simulation is carried out using two computational design 
support tools, namely TAS Version 8.4 (EDSL 2001) and 
Lightscape Release 3.2 (Autodesk c1998) software. The 
former is a software tool used to perform energy 
consumption prediction, whilst the latter is a programme 
for the analysis of visual performance under different 
lighting conditions. The basic geometry of the model is 
first created in TAS, before exporting to Lightscape for 
lighting simulation. 

 

1. METHODOLOGY 
 
1.1 Project description 
For the purpose of this comparative study, an actual 
multi-purpose school hall in Singapore is modelled. The 
school hall is designed to support different types of 
activities, such as indoor sports activities, school 
assemblies, exhibitions or examinations. Therefore, it 
has to fulfill the lighting criteria and parameters of interest 

at different levels of activity. Adequate illuminance levels, 
good uniformity and colour rendering are some of the 
most valuable attributes of a multi-purpose school hall. 
The forms, colours, distance and movements of activities 
within the school hall must be easily judged by its users. 
Since it is a recent development of a school project, the 
hall has been designed as a fully air-conditioned 
enclosure. High energy consumption is potentially a 

major concern to the building management if the school 
hall is heavily utilized. Besides, the various types of 
luminaries used will add on to the total cooling load and 
hence the electricity consumption needed to run it.  It is 
thus important to take lighting and energy performance 
into consideration when an extension work is being 
proposed. 
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1.2 Building geometry 
The multi-purpose school hall is modelled as a rectilinear 
structure with a pitched roof. It measures 40.8m in 
length, 28.8m in width and 10.8m in height up to the 

pitched roof. Three computer simulation models are 
graphically created in the TAS software environment, 
namely a base model (BM), horizontal extension model 
(HEM) and vertical extension model (VEM). The BM 
replicates the original design, while the HEM and VEM 
represent the horizontal and vertical increase in 
volumetric space, respectively. In order to achieve a 20% 
increase in volumetric space, the length of the multi-

purpose school hall in the HEM is increased to 49.0m. 
Likewise, the height of the school hall in the VEM is 
raised to 12.6m (Table 1). 

 
Table 1: Building geometry of three simulation models 

 

   

Parameters BM HEM VEM 

Dimensions 
L x W x H         (m) 

40.8 x 28.8 x 10.8 49.0 x 28.8 x 10.8 40.8 x 28.8 x 12.6 

Floor area      (m2) 1175 1410
 

1175 

Volume           (m3) 10575  12690 12690 

Wall to window ratio  
(WWR)             (%) 

17 17 17 

Window height  (m) 1.80 1.80 2.25 

Window width   (m) 1.0 1.0 1.0 

Window orientation North-South North-South North-South 

 

Altogether, two zones (e.g. Fig. 1) are created in TAS for 
computer simulation. The main focus is on zone 1, the 
open space of the hall per se inclusive of the front stage 
area. Zone 2, which represents the service area, is not 
the focus of this study but its physical existence has 
been included as a boundary condition. 
 

 
Figure 1: Zone 1 and Zone 2 in simulation models 

 
1.3 Building elements 
The building elements used in computer simulation are 
simplified from its actual architecture, since the objective 
is to compare the relative difference in energy and 
lighting performance as a result of volumetric change. 

Corridors, louvers and other sophisticated building 
features are replaced by simple building envelope, 
without any sun shading devices. An anti-sun, low 
emissivity (low-E) green double glazing is used for the 
window system in all the simulation models. The thermal 

transmittance (U) value and shading coefficient (SC) of 
various elements are obtained from TAS (Table 2). 
 

Table 2: Summary of building elements in TAS 
Element Description 

Floor Ground floor no false floor (wood for upper layer) 
Internal wall Plaster block wall 
External wall Brick and block wall, U = 0.25 

Door Wooden door (softwood) 

Window 
Anti-sun, low-E green double glazing, U = 1.810, SC = 
0.458 

Ceiling Ceiling with ceiling void (for backstage) 
Roof Sloping aluminium roof, U = 0.45 

 
For lighting simulation, the same colour, material and 
texture schemes are adopted for all models. These will 

provide the visual effects as close to the actual condition 
as possible due to reflectance of internal components 
whilst receiving light from daylighting or luminaires. Using 
Lightscape, the properties of different building materials 
can be varied (Table 3). 
 

Table 3: Summary of building elements in Lightscape 

Element Physics Textures 
Average 

Reflectance 
Hue Saturation Value 

Ceiling Metal Metal 0.3 60 0.1 0.43 

External 
wall 

Paint-Semi 
Gloss 

Stucco 
trowelled 

0.3 62 0.5 1.0 

Internal 
wall 

Paint-Semi 
Gloss 

Stucco 
trowelled 

0.3 40 0.45 1.0 

Main door 
Wood-
furnished 

Oak rift 0.7 230 0.45 1.0 

Service 
door 

Wood-
furnished 

Louro Preto 0.7 110 0 1.0 

Window 
Double 
glazing 
low-E glass 

Glass 
0.4 

Shininess 
=0.4 

240 0.13 0.94 

Floor  Butternut 0.3 200 0.1 0.89 

Mezzanin
e floor 

Concrete 
flooring 

Masonry 
concrete 

0.1 230 0.05 1.0 

 
1.4. Internal conditions 
The control settings for indoor environment in all the 

three simulation models are similar. The upper limit of 
indoor temperature is set at 25.5

o
C while the lower limit 

is set at 22.5
o
C. These settings are in accordance with 

the design guidelines in Singapore for mechanical 
ventilated building (SS CP13 1999). For relative 
humidity, the upper limit is 70% and the lower limit is 
50%. Plant operation shall be between 6 am and 10 pm 
daily. The multi-purpose school hall is assumed to be 

closed after 10 pm. 
Occupancy period is divided into two patterns for 
weekday and weekend (e.g. Saturday and Sunday) 
simulation respectively. It is subdivided into different load 
patterns throughout the day, with the assumptions that 
the hall is not always fully utilized and that some lights 
are not turned on at certain times of the day. For 
instance, only half the number of luminaires is turned on 

between 8 am and 7 pm daily in the presence of 
daylighting. On weekdays between 8 am and 2 pm, the 
occupancy gains are halved as lower occupancy is 
expected in this period. 
Occupancy sensible and latent gains are calculated 
based on a full occupancy load of 100 persons. The 
average sensible and latent gain per person is estimated 
from design guidelines in ASHRAE handbook (ASHRAE 

1985). Calculation of lighting gain is based on the total 
wattage of luminaires divided by the floor area of each 
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simulation model. Either full or half lighting load is 
applied according to the period when daylight 
fenestration is provided. 
There are three types of luminaires being used in the 

lighting simulation (e.g. Fig. 2). For maintenance and 
functional reasons, fifteen numbers of metal halide 
ceiling lamps are chosen as the main source of artificial 
lighting in the space. Each metal halide lamp has a 
luminous flux of 36000 lumens. These lamps are known 
to provide high lighting efficacy and long average 
lifetime, coupled with good colour rendering 
characteristics. Besides ceiling lamps, incandescent wall 

lamps and floor lamps are added at the window sides 
and stage area, respectively, as supplementary artificial 
lighting to increase the illuminance level of the entire 
area. These luminaires may provide the additional 
lighting coverage when the school hall is being extended 
horizontally and vertically. 
 

 
Figure 2: Luminaire positions in Lightscape 

 
Lighting simulation is carried out separately for 

daylighting, artificial lighting and the combination of 
daylighting and artificial lighting for each model. 
Daylighting simulation is done for one typical day of the 
month of January, April, July and October, at 9 am and 2 
pm, respectively. Artificial lighting simulation is done for 
one typical day of the year at 9 pm. For the simulation of 
daylighting with artificial lighting, one typical day of the 
month of January, April, July and October, at 9 am and 2 

pm, respectively is randomly selected with all the light 
bulbs turned on. 
 
1.5 Basic assumptions 
In this volumetric study, there are few assumptions made 
to the models apart from the default assumptions of the 
two simulation tools. Firstly, the multi-purpose school hall 
is assumed to be a fully air-conditioned space with no air 

movement between zones. Occupancy and heat gains 
are uniformly distributed throughout the space. Secondly, 
no shading device or shadowing effect from the 
surrounding is present to affect the energy loads and 
illuminance level of the building. Hence, the simulation 
may be more conservative in the prediction of energy 
and lighting performance. 
The other non-exhaustive assumptions include, the 

absence of other heat generating equipment (e.g. 
computer, photocopying machine, printer), homogeneity 
of building materials, completeness and accuracy of 
weather data and building elements. 
 

2. RESULTS 
 
2.1 Energy simulation 
The results of batch simulation of TAS are generated in 
terms of monthly energy breakdown. These include 

cooling loads, humidification loads, dehumidification 
loads, solar gains and internal gains. Comparing the 
monthly cooling load of all the three models, BM 
constantly yields the lowest cooling load whilst HEM 

gives the highest throughout the year (e.g. Fig. 3). The 
average difference between the highest and lowest 
cooling load in each month is about 2000 kW. The 
highest monthly cooling load is recorded in May. 
However, the peak cooling load in all the three models 
falls on Day 153, Saturday 2

nd
 of June at 5 pm. 

 

 
Figure 3: Comparison of cooling loads 

 
The monthly humidification and dehumidification loads of 
HEM and VEM are similar. The highest monthly 

dehumidification load occurs in May and the lowest is in 
January. The peak dehumidification load occurs on Day 
182 at 3 pm. Contrary to the higher demand in cooling 
load, HEM has lower solar heat gains than VEM in every 
month (e.g. Fig. 4). The highest solar gain in all models 
falls on Day 264 at 1 pm. 
 

 
Figure 4: Comparison of solar gains 

 
Internal gains consist of lighting gains, occupancy gains 
(both sensible and latent) and equipment gains. Since 
the internal conditions of the three models are identical, 
the generated results of monthly internal gains should be 

equal. Slight variation in results is attributed to rounding-
off errors accrued in computation. The lowest monthly 
internal gain occurs in February as it has the fewest 
number of days in the year. 
 
2.2 Lighting simulation 
The simulation results in Lightscape are presented 
graphically in lighting contours, ranging from 0 to 1300 
lux. Among the three models, VEM gives the best 

daylighting illuminance throughout the day, followed by 
BM and HEM. The average daylight illuminance on the 
floor of VEM is about 100 lux at 9 am and 250 lux at 2 
pm. In addition, VEM always gives a higher illuminance 
level near the windows as compared to HEM. For 
instance, the average illuminance near the windows of 
VEM is close to 400 lux, which is about doubled of that of 
HEM in the month of April at 2 pm. However, a wide 

range of illuminance (i.e. 50 to 990 lux) near the windows 

Incandescent 
wall lamp 

Metal halide 
ceiling lamp 

Incandescent 
floor lamp 
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of VEM is noted and this could potentially create visual 
discomfort in the vertical plane.  
For the simulation of artificial lighting only at 9 pm, the 
average illuminance on the floor of VEM and HEM is 410 

lux and 390 lux respectively. These illuminance levels 
are lower than the average 520 lux recorded in BM (e.g. 
Fig. 5). It is evident that more luminaires are required for 
both extension models as a result of the increased 
lighting coverage. 
 

 
BM (520 lux) 

 
HEM (390 lux) 

 
VEM (410 lux) 

Figure 5: Illuminance contours in artificial lighting 
simulation 

 
The simulation of the combination of daylighting with 
artificial lighting gives distinctive comparison of lighting 
performance for all the models (e.g. Fig 6). Overall, VEM 
gives a uniform illuminance on the floor throughout the 

year. It also fares better than HEM in meeting the 
recommended illuminance of 500 lux (SS CP38 1999) for 
all months, except in the morning time of January (i.e. 
475 lux). The average illuminance on the floor of HEM is 
between 420 lux and 490 lux. 
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Figure 6: Combination of daylighting with artificial 

lighting illuminance level 
 

3. DISCUSSIONS 
 
3.1. Energy loads 
Cooling load is the major factor that governs the energy 

consumption in the building. Based on TAS simulation 
results, it is observed that both HEM and VEM give 
higher cooling load than BM. The reason is obvious as 
there is a significant increase in volume (i.e. 20%) as well 
as surface area for the extended models. 
To explain the difference in cooling load between HEM 
and VEM, one should first understand the parameters 
that contribute to the total cooling load. In the TAS 

environment, the cooling load is affected by ten heat gain 
parameters. These are lighting load, occupancy sensible 
load, solar gain, infiltration and ventilation gain, building 
heat transfer, conduction through opaque surfaces, 
conduction through glazed surfaces, air movement, 

equipment load and the plant. With the exception of solar 
gain and conduction through opaque surfaces, these 
parameters are equal for both extension models. 
Therefore, the two parameters that significantly 

contribute to the difference in energy consumption are 
solar gain and conduction through opaque surfaces. 
The shape of the windows has an impact on the solar 
gain into the building. Although the wall to window ratio 
(WWR) is the same for both extension models, there is 
variation in the design and distribution of the windows. In 
order to maintain the same WWR (i.e. 17%) as BM, the 
window area has been increased proportionally in both 

extension models. In HEM, the additional window area is 
given by two new windows each in the north and south 
walls. In VEM, the additional window area is achieved by 
extending the height of all window glazing. Simulation 
results indicate that the building with high windows yield 
considerably higher solar gains than one with wide 
windows. This explains the phenomenon of consistently 
higher solar gains in VEM throughout the year (see 2.1 

above). 
A larger amount of cooling energy is consumed in HEM 
due to the conduction through opaque surfaces. The 
explanation lies in its larger surface area of conduction 
through the roof, opaque walls and doors as compared to 
VEM. While the volumetric increase in both extension 
models is fixed, the effective surface area being exposed 
to the sun has changed. VEM has more wall and door 

areas exposed to the sun than HEM. However, HEM has 
a much larger roof surface area exposed than VEM. 
Since conduction has a direct correlation with surface 
area, the bigger roof area in HEM must have contributed 
to its higher conduction value than the larger wall and 
door area in VEM. To confirm this finding, the breakdown 
of conduction through the roof and opaque surfaces on 
the day of the peak load (i.e. Day 153) is tabulated for 
both extension models (Table 4). 

It is apparent that HEM requires a bigger cooling load as 
a result of the higher conduction load at its roof surface. 
In spite of the higher conduction loads of opaque 
surfaces in VEM, the impact is not as significant as that 
caused by the roof surface. The combined conduction 
load is still higher in HEM, implying the increased 
demand in cooling energy. Overall, the annual energy 
consumption attributed to solar gain in VEM is about 

3000 kWh more than that in HEM, whereas the annual 
energy consumption attributed to conduction through 
opaque surfaces in HEM is about 6000 kWh higher than 
that in VEM. Hence, it can be concluded that an 
additional 3000 kWh of energy is required in HEM 
annually. 
 

3.2. Energy efficiency index 
The energy efficiency of the three models is compared 
using the Energy Efficiency Index (EEI). EEI is derived to 
evaluate the energy performance of individual building 
according to its energy efficiency (Lee 2001). Only the 
cooling loads and lighting loads are used in the 

calculation of EEI, since it has been assumed that no 
other equipment load is present in the multi-purpose 
school hall. The calculated EEI of BM, HEM and VEM

 

Table 4: Comparison of conduction loads through roof and opaque surfaces 
Conduction loads (kWh) 

Roof Wall + door Combined (Roof + wall + door) Model 

Internal External Total Internal External Total Internal External Total 

HEM 9.60 2422.97 2432.57 5.93 1452.52 1458.44 15.53 3875.49 3891.02 

VEM 10.54 2015.87 2026.40 9.34 1615.43 1624.77 19.88 3631.29 3651.17 

% Difference (HEM - VEM) 20.0 %  -10.2 %  6.6 % 
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Table 5: Calculation of daylight glare index (DGI) 
Model a b d X Y A B C D  i Lwin Ladp Lext   Gn DGIn 

BM 28 1.8 2 7.0 0.45 0.99 0.06 0.41 6.38 0.20 1592 15.9 1393 48 131.6 21.2 

HEM 30 1.8 2 7.5 0.45 0.99 0.06 0.41 6.84 0.20 1592 15.9 1393 53 125.4 21.0 

VEM 28 2.3 2 7.0 0.58 0.99 0.08 0.50 6.06 0.25 1273 15.9 1485 45 187.2 22.7 

 

are 238 kWh/m
2
/yr, 217 kWh/m

2
/yr and 258 kWh/m

2
/yr, 

respectively. HEM yields the lowest EEI amongst the 
three models, because it presents the energy load per 
unit floor area of the building. Although the cooling load 
required in HEM is higher than VEM, the energy 
consumption per unit floor area is much lower than VEM. 
This draws the conclusion that a building with larger floor 
area, as in the case of HEM, is more energy efficient 

than one that has smaller floor area but with the same 
volumetric space. The EEI may not be a suitable 
indicator for energy performance in this volumetric study. 
 
3.3. Daylighting performance 
The average daylight illuminance is low for all the three 
models, ranging from about 70 lux to 250 lux. This 
implies that none of the three models is able to meet the 

minimum illuminance level of 300 lux (SS CP38 1999) as 
recommended for a multi-purpose sports hall. The 
building is dependent on artificial lighting in the day.  
Furthermore, uniformity of illuminance is less likely to be 
achieved solely by daylighting, considering the 
unpredictability of sky brightness, presence of clouds, 
clarity of the atmosphere (e.g. presence of water droplet 
and airborne particles) and effects of wind. Different sun 
path throughout the year will also give different 

illuminance level at the surfaces of the windows. 
Between the two extension models, VEM utilizes more 
daylight than HEM. This is because VEM has a higher 
ceiling height and taller windows compared to HEM. 
Nevertheless, high illuminance levels (e.g. up to 990 lux) 
at the windows of VEM at certain times of the year may 
cause discomfort glare to its users, especially if the 
school hall is to be used for sports tournaments. To 

ensure an optimal view and identification of sports 
players and movements in all planes, the range of 
acceptable illuminance should be between 300 lux to 750 
lux, with the recommended illuminance of 500 lux. 
 
3.4. Artificial lighting performance 
The metal halide ceiling lamp used in the simulation 
comprises a quartz discharge tube containing high-

pressure mercury and mixture of metal halides. Each 
lamp produces high luminous efficacy (i.e. 90 
lumen/watts) with a natural white appearance. Besides 
being suitable for the height of the multi-purpose school 
hall, it also exhibits excellent lumen maintenance and 
long life properties. The good colour rendering of metal 
halide lamp further creates a pleasant ambience for high 
visual comfort. With the 8-m spacing between ceiling 

lamps in HEM, the average illuminance that is achieved 
on the floor by only artificial lighting is 390 lux. The VEM 
gives a slightly higher illuminance level of 410 lux with its 
7-m spacing between ceiling lamps, but still fails to 
achieve the recommended illuminance of 500 lux. 
Although the BM has the same ceiling lamp spacing as 
VEM, it has a smaller lighting coverage and therefore is 
able to meet the specified requirement. The simulation 
results indicate that more luminaires or brighter lamps 

are required for both extension models in order to 
achieve the recommended illumination, especially after 
sunset or on overcast days. 
 
 
 

3.5. Daylighting and artificial lighting performance 
Generally, the combination of daylighting with artificial 
lighting gives satisfactory illuminance level and uniform 
illumination throughout the years for all the three models. 
Between the two extension models, VEM fares better in 
overall illuminance performance as it gives illuminance 
above 500 lux in all the months (except for January). 
HEM, on the other hand, fails to satisfy this requirement. 

Notwithstanding, a volumetric extension (i.e. by 20%) of 
the multi-purpose school hall, either in length or height, 
will require additional luminaires or an increased 
illuminance level due to the increase in lighting coverage. 
This is also in anticipation of the lower lighting level at 
night, insufficient daylighting and special activities that 
demand higher visual requirements above 500 lux. For 
instance, there is a risk that in a sports tournament, the 

players, balls and other important features will not be 
clearly visible at certain positions in space. 
 
3.6. Glare analysis 
In order to have a more comprehensive lighting 
performance analysis, glare analysis is carried out for 
daylighting and artificial lighting conditions. Daylight glare 
index (DGI) is calculated using derived equations 
(Nazzal 1998). Based on the calculations (Table 5), all 

the three models have DGI values below the limiting 
value of 25. Discomfort glare due to daylighting is less 
likely to occur in all these models. 
Glare analysis for artificial lighting is done using a 
computer software (DPGlare c2000), which produces 
unified glare ratings (UGR) for standard and custom 
lighting situations. The computer program works with the 
photometric files from Lightscape and calculations are 

made according to the CIE standard (CIE 117 1995). The 
maximum UGR values computed for BM, HEM and VEM 
are 5.6, 5.8 and 5.9 respectively. The results are well 
below the unified glare rating limits (i.e. 19 for schools, 
22 for multi-purpose sports halls) of discomfort glare 
caused by luminaires. The volumetric increase of the 
school hall has only caused slight increase in the glare 
indexes. With the subsequent addition of luminaires or 

the use of brighter luminaires, the glare indexes should 
be regenerated.  
 

CONCLUSION 
 
In this volumetric study, computational simulation tools 
have been successfully applied in the prediction of 
energy and visual performance of a multi-purpose school 
hall in Singapore. Based on the energy simulation 
results, both extension models will yield higher cooling 

loads and solar gains than the base case. The HEM 
requires a higher cooling load than VEM since it has a 
higher conduction load through opaque surfaces. 
Conduction through the roof is more significant than the 
other opaque surfaces, although the wall and door 
surface area of HEM is smaller than that of VEM. High 
windows of VEM always contribute to higher solar gains 
than wide windows, as in the case of HEM. Overall, VEM 

is a better alternative extension model in terms of 
thermal loads. Although the HEM demands a higher 
energy load, it is a more energy efficient design due to its 
larger usable floor area. However, the EEI does not fully 
reflect the energy efficiency of the models in this 
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volumetric study as this indicator is measured in terms of 
energy load per usable floor area, rather than load per 
volume of the building. 
The overall visual performance of the simulation models 

is compared in the aspects of daylighting, artificial 
lighting, combination of daylight with artificial lighting, and 
glare index for daylighting and artificial lighting. Based on 
the lighting simulation results, both extension models 
need more illumination as a result of increased lighting 
coverage, especially in the absence of sufficient daylight. 
The simulation also indicates that the school hall is 
dependent on artificial lighting in the day. VEM gives a 

higher illuminance level than HEM in daylighting and 
artificial lighting only simulations. It is also able to satisfy 
the recommended illuminance level of the school hall 
while utilizing both daylight and artificial lighting. 
Therefore, VEM is a better extension model in terms of 
visual performance as compared to HEM. For both 
extension models, higher illuminance level can be 
achieved by adding more luminaires or selecting 

luminaires with higher luminous flux. A glare analysis 
shall be performed to evaluate the possibility of 
discomfort glare upon an increase in illuminance level. 
To reduce the high illuminance experienced at the 
window surface of VEM, horizontal blinds or sun-shading 
devices can be installed to block off the direct sunlight. 
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ABSTRACT: This paper presents an approach to the analysis of the dynamics of team design 
activities. The goal is to contribute to the future development of computer mediated collaborative 
design (CMCD) tools by providing a method to compare face-to-face collaborative design with CMCD. 
This approach is based on empirical techniques using “protocol analyses”. Traditional protocol 
analyses code the protocols - verbal data and other activities, here we propose to code the links 
among the protocols. These links form a linkographical representation which indicates the strength of 
idea generation and the dynamics of design activities. A pilot study based on data obtained from 1994 
Delft Protocol Analysis Workshop is conducted to test the feasibility of this method.  
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INTRODUCTION 
 
Designers need to collaborate because of the complexity 
of the problem, the need for specialized expertise, and 
the involvement of users to identify requirements. 

Increasingly such collaboration occurs at a distance. 
Cross and Cross (1995) observed that team design 
activities are influenced by social factors such as roles 
and relationships, and social skills. There are many tools 
aimed at aiding the designing process and to facilitate 
design collaboration. However, despite the advances in 
computer and information technology, all these tools 
seem to fall short of their goals. Olson and Olson , after 

reviewing over ten years of co-located and non-co-
located synchronous collaboration both in field and 
laboratory settings, concluded that distance still matters. 
In the case study of innovation in engineering design, 
Salter and Gann  found that despite modern information 
and communication technologies, face-to-face interaction 
and the immediacy of sketching are still the most 
important elements for developing new ideas and solving 
problems. In what way will collaboration and new design 

collaboration tools affect designing? There are studies 
that examine team designing (Cross and Cross 1995, 
Goldschmidt 1995 and 1996; Stempfle and Badke-
Schaub 2002, Tang and Leifer 1988) but they concern 
only face-to-face collaboration and do not look into the 
role of tools in the process.  Gabriel and Maher (1999) 
studied the effects of different medium on collaborative 
design but focused mainly in communication. Kvan  

denotes “close coupled” and a “loosely coupled” design 
processes. Face-to-face co-located designing is “close 
coupled” while some collaborative computer-mediated 
collaborative design (CMCD) is considered as “loosely 
coupled”; a common ground is needed to compare these 
two processes. 
 

1. TEAM AND COMMUNICATION 
 
Without communication there is no collaboration; 

effective communication is one of the keys to the 
success of team designing. It bridges the gaps in 
individuals’ thinking processes and may stimulate 
designing. However, effective communication does not 
guarantee successful design collaboration. Research in 

communication and collaboration has been conducted in 
various disciplines including linguistics, social 
psychology, and information theory. The framework for 

studying ranges from purely qualitative to quantitative; 
and the methods used include: interviews, survey, field 
work, video analysis, participant/observation, speech act 
and discourse analysis, and computer simulation. Here 
we consider using concurrent protocol analysis as a 
method to study team designing processes.  
 
1.1. Tools, media, and activates 
One of the early studies of design teams is by Tang and 

Leifer . They observed that the workspace design 
activities of groups and individuals are different. Olson et 
al. (1992) found that in two software design teams, 
despite the difference in organizations and projects, they 
had similar patterns of activity and time use. Activities 
were generally clustered around design or management. 
They suggested that time use and transitions among the 
categories of design activity can be considered as a 

signature of various types of meetings which may be 
used to benchmark the satisfaction or productivity of a 
meeting. Their results showed the importance of effective 
communication. They showed how the teams behave but 
did not go into details of the relationship between the 
transitions among design activity and the media. Bly 
(1988) suggested that in group design situations, the 
activity of creating and using the depictions on the 

drawing surface is as important as the depictions 
themselves. Designers use the drawing surface 
extensively as part of the collaborative process. They 
move between drawing, writing, and gesturing frequently 
within the drawing surface within seconds. Bly and 
Minneman (1990) together with other studies (Gabriel 
2000, Vera et al. 1998) suggested  that with the 
introduction of technology, designers will adapt their 

activities accordingly. This study aims to provide a 
method to compare the collaborative design process in 
terms of idea generation and relationship among design 
content. 
 
1.2. Social process and design 
In studying group engineering design practices, 
Minneman (1991 and 1998) showed how design work 
emerges from interactions as a group is established, 
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maintained, and developed a shared understanding. In 
his view, ambiguity in the design communications, not 

only can provide opportunity for designers to reflect but 
also gives room for negotiations and avoids unnecessary 
conflicts. One definition of ambiguity is that the 
representation is capable of being understood in two or 
more possible ways. It is widely accepted that ambiguity 
of design representation facilitates creativity by enabling 
reinterpretation. He described how social aspects are 
important and what the activities are during designing. 
However, Stacey and Eckert (2003) disagree with the 

notion that ambiguity is beneficial in communication. 
Olson and Olson (2000) decided on four socio-technical 
conditions/concepts that help distance collaboration. 
They are: common ground, coupling of work, 
collaboration readiness, and collaboration technology 
readiness. Zolin et al. (2004) after conducting a 
longitudinal study of a cross-functional, geographically 
distributed construction project concluded that initial 

perceptions of trustworthiness are particularly important 
for collaboration. One objective of this study is to develop 
a protocol analysis method to study these complex 
processes. 
 

2. PROTOCOL ANALYSIS OF TEAMS 
 
Ericsson and Simon (1993) laid the foundations for using 
verbal protocols as quantitative data for studying thought 
processes. Verbal data from thinking aloud are 

intentional selection of thoughts; it reflects part of the 
attended working memory in which the behaviour depend 
upon the context (Dewey 1896). Cross et al. suggested 
that 

The verbal exchanges of members of a team 
engaged in a joint task seem to provide data 

indicative of the cognitive activities that are 
being undertaken by the team member (Cross 
et al (1996:3). 

 
2.1. Delft Protocol 
Data obtained from the Delft Protocol Analysis Workshop 
1994 (Cross, Christiaans and Dorst 1996) is used in this 
paper to produce preliminary results. The task in this 
workshop was to design within two hours a device that 
fastens a given backpack to a mountain bicycle. The 

subjects are identified by fictional names: Ivan, John, and 
Kerry (I, J, and K). They worked in the same product 
design consultancy firm and each had 5-8 years design 
experience in engineering product design. The first 
twenty minutes of protocol is coded with the proposed 
coding scheme presented below, and the results are 
documented. 
 

2.2. Goldschmidt’s linkography coding 
Goldschmidt defines a move in designing as:  

a step, an act, an operation, which transforms the 
design situation relative to the state in which it was prior 
to that move (Goldschmidt 1995:195). 

Links can be established among moves by posing one 
question: is move n related to moves from 1 to n-1? The 
coded data is represented by a linkography. Goldschmidt 
also uses critical design moves (moves with more than 7 
links) to benchmark design productivity. In particular 

those with high number of links (both backwards and 
forwards) are claimed to be indicative of productivity. 

 
3. COMMUNICATION ACT LINKOGRAPHY 
CODING 
 
During team designing, communication/conversation 

usually proceeds in an orderly exchange of turns. 
Communication can be verbal, gestures, sketches, etc. 
After the protocol data are collected, the first step is to 
transcribe the verbal data together with information 
regarding turn-taking communication acts/events. The 
protocol is then coded by discerning whether the 
communication act is related to previous acts. This is 
similar to Goldschmidt’s (1995) design moves. The 
purpose of linkography is to represent the process of 

interaction among designers. Since this pilot study is 
based only on the transcript, each communication act 
contains only the recorded verbal data; a communication 
act is defined by the sequence of conversations. Each 
utterance/statement/remark of individuals is tagged 
sequentially as a communication act, for example in the 
time segment 0:00:04 to 0:00:06 there are three 
communication acts, Table 1. 

 
Table 1: The transcript in the left hand side is being 
tagged as communication act I001, K001, I002, etc. 

I: Let’s start 
(Silent reading) 

K: Buster 
I: Shhhh! (laugh) 
(Silent reading) 

K: what do we need?  I 
guess we should look at their 
existing prototype, huh?  

J: yeah, em, let me 
think we could also just sort of 
like try to quantify the problem 

because what's your 
understanding of the problem 
first of all? 

I001: Let’s start 
K001: Buster 

I002: Shhhh! (laugh) 
K002: what do we need?  I 
guess we should look at their 

existing prototype, huh?  
J002: yeah, em, let me 
think we could also just sort of 

like try to quantify the problem 
because what's your 
understanding of the problem 

first of all? 

 
The next step is to code the links between the acts. For 
example I001 is not linked to K001 because I001 is 
triggered by the examiner’s remark and receive no 
communication response; K001 is triggered by her silent 
reading (this is not a communication act). However, I002 
is linked to K001 because it is a response to K001, so 

there is a link. Figure 1 shows the first 8 minutes of the 
linkography. 
If two events are related, then this is represented by a 
dot and linking lines. If an event is related to more than 
one act, there will be more dots on that line. This shows 
the trend of events building upon previous events. One 
could observe the pattern of communication as the 
session progressed. A shallow linkograph indicates that 

the subsequence processes are not building upon earlier 
events which means ideas are not being developed, or 
ideas keep rolling without deepening. However, if all 
events are inter-related, there will be no new idea being 
introduced in the process. Goldschmidt (1995) use the 
number of links relative to the number of events (moves) 
in a sequence as an indicator of the ‘strength’ of the 
design process. 

 

 
Figure 1: Linkograph of communication acts in the first 8 minutes of the protocol in the Delft Protocol Analysis Workshop 
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4. EXTENDING LINKOGRAPHY CODING 
 

Van der Lugt (2003) not only extended Goldschmidt’s 
linkography to trace the design idea generation process 
but also empirically to verify the correlation between 
creative qualities of ideas and the well-integratedness of 
those ideas. He extended the linkography with link types: 
supplementary, modification, or tangential links 
correspond to small alterations, same direction, or 
different directions association respectively. He found 

that a well-integrated creative process has a large 
network of links, a low level of self-links, and a balance of 
link types. 
Dorst (2004) traced linking behaviour of designers with 
regard to design problems, design solutions and the link 
between the two to reveal the reflective practice of 
designers. 
For the purpose of this study we intend to explore the 

social aspect of design activities as well. If the 
communication is mainly social, it will not contribute 
much to the design. Short, unstructured social 
conversations will not affect the coding but looking at the 
linkography one cannot tell the percentage of social 
events. Also different collaboration media may favour 
different types of discussions. With only audio 
communication designers tend to engage less in meta-
level discussions (Minneman and Bly 1991). Traditional 

linkography only concerns events that are related; a 
further question can be asked — how are these events 
related. 
In the study of human interaction in small groups, 
communication has been classified using different 
schemes. For example in Fisher’s (1970) model of 
decision emergence, there are variables for: asserted, 
seeking, interpretation, substantiation, clarification, 

modification, summary, agreement, favourable toward 
the proposal, unfavourable toward the proposal, 
ambiguous toward the proposal, origin of a decision 
proposal, and reintroduction of a proposal. Most protocol 
studies classify the protocols into different categories; 
here however, links between protocols are classified 
instead. The reason for doing this is to capture the 
dynamics of team process. Inspired by Gabriel and 

Maher’s (1999) communication classification of 
collaborative design, two basic types of linkage are 
considered: social, and design, which has sub-
categories. The sub-categories of design are activities 
planning, content, and clarification, which is derived form 
Olson et al. (1992). The design content is further 
subdivided similar to McNeill et al. (1998), see Figure 2 
for details.  

The two basic types of event links are social or design 
related; they are considered to be mutually exclusive in 
this study. Social event links range from conversation of 
non-design related topics to short utterance like ‘yeah’, 
‘uh’, and ‘huh’. In this research these utterances are 
treated as the social responses of paying attention. 
There are two main types of links under design: planning 
and content. Clarification is used in conjunction with 
these two types of links. The sub-categories of design 

content links are:  
• Is the link connecting the events in terms of 

considering the design as a whole (Global), 
partial (Local), or in details? 

• Is the linking concerned with function (F), 
behaviour (B), or structure (S) of the design? Or 
a combination of F, B and S? 

• Is the connection about proposing, analysing, or 

evaluating the design (in terms of FBS)? 
These three dimensions of design content capture 

different aspect of a team, Figure 2. The Global-Local-
Detail category captures the approach (top-down or 
bottom-up) of a team. The Function-Behaviour-Structure 
category captures the reasoning process of a team. The 

Propose-Analyse-Evaluate category captures the micro 
strategies used by a team. If the team members remain 
unchanged, with the introduction of different collaboration 
technologies we can compare these processes in terms 
of the above coding scheme. 
 

Figure 2: Event link categories 
 
4.1. Examples  
Table 2 shows examples of the three major categories of 
links. 

 
Table 2: Examples of coding the links 

Category Transcript Explanation 

Social K001 Buster  
I002  Shhh! (laught) 

 

Design 
Activities 

Planning 

K002 what do we 
need?  I guess we 

should look at their 
existing prototype, 
huh?  

J002 yeah, em, let 
me think we could also 
just sort of like try to 

quantify the problem 
because what's your 
understanding of the 

problem first of all? 

Kerry (K002) was proposing 
to look at existing 

prototype, John (J001) 
disagreed with this; 
therefore the link is coded 

as design activities 
planning proposal 
disagreement  

Design 
Content 

J003 it it sounds to 
me that what they're 

looking for is not they're 
kinda looking for a an 
interface a thing that 

will allow you to carry 
or or fasten an existing 
backpack to an existing 

mountain bike . 
I004 sorta pops on 

the bike? 

John (J003) was suggesting 
the functional requirment 

(an interface … that will 
allow you to…) of the brief 
and Ivan (I004) was 

proposing or clarifying the 
behaviour of a part (pops 
on…); so the link is coded 

as a Local proposed 
function- behaviour 
clarification 

 

5. RESULTS 
 

By using the method described above, the first twenty 
minutes of Deft protocol was coded. Figures 3(a) and (b) 
show the standard linkograph with all the links. There are 

208 communication event and 385 links. From the 
appearance of the linkograph, the first 8 minutes (events 
1 to 67) are quite different to the rest (events 68 to 208). 
In this first 8 minutes there are 3 isolated linkographs. 
K001 and I002 form the first linkograph, K002 to J017 
form the second linkograph, and I019 to J024 form the 
last linkograph. Within the second linkograph there is a 
disjunction at I008 and J009, however the idea posted in 

K008 was pick up latter. 

Event Link 

Social Design 

Design 

Activities 

Planning 

Design 
Content 

Clarification 

Agreement  
Disagreement 

Global 

Local 

Detail 

 

Function 

Behavior 

Structure 

 

Propose 

Analyze 

Evaluate 

 

 

Clarification category 

co-exists with the 
other 2 categories 

Categories can co-

exist with different 

combination 
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Figure 3(a): First half of the standard linkography of the first 20 minutes 

 
 

Figure 3(b): Second half of the standard linkography of the first 20 minutes 
 

 
Figure 4: Extended linkography with the three major categories 

 
Figure 4 shows the linkography of the major categories 
with the different level of grey dots indicating different 
types of links. Only the first 67 events were further coded 
because one of the objective in this pilot study is to try 
the coding scheme. There are 116 links, 4 of these have 
overlapping categories. 88 links are from the Design 

Content category, 11 links are of Activities Planning 
category, and 21 links are of Social category. The details 
of the sub-categories are not presented here. 
 

4. ANALYSIS 
 
The result is analysed both qualitatively and 
quantitatively. In general if the linkography is very 
shallow with few links then the process is not building 
upon previous acts. If there are deep valleys in the 

linkography and there are many links, we can say the 
process of idea development is rich. The valleys can be 
measured in terms of the intensity of links in a 
communication act.  

 
4.1. Qualitative observations 
In this example we can observe that the linkography of 
the fist 20 minutes contains two distinctive patterns. 
Since it was the beginning of the design, one pattern 
involves events clustered around understanding the 

design problem. A closer look into the transcript indicates 
that the first pattern is concerned mostly with clarifying 
the brief with a small amount of activity concerned with 
planning. In the next 12 minutes, the transcript consists 
of planning, information gathering, proposing design 
solution, and going back to planning. This 12 minutes 
contains richer process than the first 8 minutes. The 
linkography reflects the clustering of acts in the form of 

“V” shaped chunks. However, the standard linkography 
cannot show what kind of activities chunks they are. In 
the extended linkography, Figure 4, we can see that the 
planning activities are mainly clustered at the end, with 
some at the beginning.  
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Coherence: continuation of communication act 
Pavitt and Johnson presented evidence that group 
discussions they had studied were coherent. That is 
“people strive to maintain coherence in their 

conversations... they make their utterances relevant to 
what has been said earlier” 1999:303). Grice also 
suggested in conversation, “Our talk exchange do not 
normally consist of a succession of disconnected 
remarks” 1975:41). This is evident in the protocol, for 
example, John’s response to Kerry’s suggestion, K002, 
of looking at an existing prototype was negative but he 
affirmed with a ‘yeah’ then mumbled before suggesting 

another direction. John’s intention was to start with 
exploring the problem space before working on the 
solution space. In this context, all the participants 
understood what was going on, the utterance of ‘yeah’ is 
a response to K002 which did not mean agree but was 
an effort to maintain the coherence in their discussion.  
 
Conversation disjunction: new idea/topic 

Sometimes themes and intentions were changed without 
acknowledging the intermediate context. It can be 
observed in the linkography in Figure 3 when a 
communication act does not have backward links. The 
disjunction can be a result of re-aligning the goal, for 
example from social orientated actions to activities 
planning like in I002 and K002. It can be caused by a 
sudden discovery of issues, for example in J009 when 

John discovered an issue ‘OK I missed that’ which both 
Ivan and Kerry did not know what that is referring to 
when they were both responding to the issue of ‘…selling 
the external frame backpacks’.  
 
Concurrent protocols: self-linking act 
Individual’s communication acts that are mainly linked to 
his/her own pervious communication act, for example 
J015 to J017, see appendix. Looking at the transcript 

alone, the responses by others do not seem to contribute 
much to the cognitive activities of the individual. This 
resembles concurrent protocols. Van der Lugt (2003) 
hinted that this kind of links do not contribute much to the 
well-integrated creative process. However, we argue that 
those links needed to be examined before making such 
claims; the self-linking acts can be critical evaluation or 
elaboration of pervious acts which are very different 

kinds of linking. It the case of critical evaluation, it 
contributes more than social links in terms of creative 
process; so we need to study the linking acts in its 
context. 
 
4.2. Quantitative measures 
Goldschmidt (1996) uses link index (the number of links 
relative to the number of moves) as an indicator of the 

strength or productivity of the design process. She also 
uses critical moves (moves with intensive links) and 
critical path (sequence of critical moves) to compare 
different design process quantitatively. Table 3 shows 
the overall link index and the link index of the two 
distinctive stages. A higher link index value suggests a 
richer process. Critical moves and path are not used to 
here because of the limited among of data. Table 4 

shows the number of different kinds of links in the first 67 
acts. 
 

Table 3: Comparing link index at different stage 
Communication act 1-67 68-208 1-208 

Number of links 116 269 385 

Link Index 1.731 1.908 1.851 

 
 

Table 4: Number of links in different categories of links 
 Design 

Content 

Design 

Activities 
Planning 

Social 

Number of links 88 11 21 

% 73% 9% 18% 

 

Counting the frequencies of different kinds of links for the 
first 67 communication acts shows that this team’s 
communication focuses mostly on design content 
because over 73% of the links fall in the design content 
category. About 18% of the links are socially related and 
about 9% of the links are activity planning related.  
 

5. DISCUSSIONS AND FUTURE WORK 
 
For standard linkography the only criterion for linking 

events is an examination of the possible connections, 
which sometimes is hard to discern especially when acts 
are like a mini-conclusion of what has been happening 
so far. Understanding the content and context are 
intrinsically important in this kind of study. As the actions 
accumulate, it is not always clear whether the subjects’ 
responses are directly linked to previous communication 
acts or by the current situation. For example in J056 (OK 
you were talking about schedule stuff before do you 

wanna), John nominated Ivan to take care of the 
schedule; it is hard to discern if it should be linked with 
I019 (should we uh prepare a schedule and then just 
sorta stick to it or should we uh just start working?), 
which was 10 minutes ago. In this study the coder 
considered it should not linked because of the immediate 
context, however, after this study we take the approach 
that it should be linked because the idea was originated 

in I019. In order to increase the reliability of the coding, 
inter-coder arbitration is recommended. 
For an extended linkography, as the coding involves 
interpretation, it is essential to have very explicit criteria. 
Also, the coding of this study was based only on the 
transcript, drawing events had not been coded.  
 

CONCLUSION 
 
This paper has outlined a method to analyse team 

design activities. By linking the communication acts, a 
pattern of how the design team is progressing can be 
revealed in terms of a linkography . It shows how “ideas” 
were developed and interconnected. A shallow linear 
linkography indicates that ideas are progressing without 
further development; however, if all acts were linked 
together to form one interconnected “V” shape 
linkography , it would indicate that there is no diversify of 

ideas.  
Looking at the linkography of this pilot study, there are 
four independent chunks, three are in the first 8 minutes. 
Some of the acts in this first 8 minutes may have forward 
links. These chunks, together with those conversation 
disjunctions, can be viewed as units of ideas. The 
linkage of these chunks indicates the strength of idea 
generation. It is likely that social conversations will be 

isolated clusters, like K001 and I001, while useful ideas 
will foster further actions. Qualitative observation 
supports the claim that a higher link index value suggests 
a richer process.  
Traditional linkography ignores social conversations and 
only codes the linkage of moves without discerning how 
they are linked; traditional protocol analyses code the 
fragmented activities and seldom consider the linkage in 

a holistic way. It is expected that by coding how the links 
are established will contribute to an understanding of 
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collaborative designing in another dimension. It can show 
the percentage of engagements with different kinds of 

activities which traditional linkography cannot show. It is 
also expected that this will provide a common ground to 
compare face-to-face collaboration and computer 
mediated collaboration. The pilot study demonstrated the 
feasibility of using this method.  
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APPENDIX 
The first seven minutes of the team design protocols. 
 
X001 Before I give you the actual design brief are there any 

questions about the procedure? 
J001 I don't think so 

X002 In that case the session will start now and I will give you 
each a copy of the assignment.   

X003 I remind you that there are two hours maximum uh if you 

are still working I will remind you of the time at thirty 
minutes and fifteen minutes before the end of the session. 

I001 Let's start 

(Silent reading)  
K001 Buster 
I002 Shhhh! (laugh) 

(Silent reading)  
K002 what do we need?  I guess we should look at their existing 

prototype, huh?  

J002 yeah, em, let me think we could also just sort of like try to 
quantify the problem because what's your understanding 
of the problem first of all? 

K003 they uh they want a combination market product this 
backpack mountain bike product and they've made a 
prototype and it hasn't been they're not pleased with it so 

far and the users' tests have some in in fact it would be 
nice if we could see those users' tests to em see what the 
shortcomings were 

J003 it it sounds to me that what they're looking for is not 
they're kinda looking for a an interface a thing that will 
allow you to carry or or fasten an existing backpack to an 

existing mountain bike  
I003 yeah 
J004 is that how you guys interpret it? 

K004 well also they've got this em Batavus Buster that em  
I004 sorta pops on the bike? 
K005 we can make it a special mountain bike so it could have 

the stuff required attached something to it 
J005 OK 
X004 I should point out that the bicycle which we have in the 

room is not the Batavus Buster but it is a typical mountain 
bike but the backpack which we have is actually the 
HiStar backpack which is uh is to be designed for 

J006 OK 
J007 it's an external frame pack is it? 
K006 uh huh 

I005 that's what the memo says? 
K007 that's what they're building 
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I006 it's internal internal frames they're making now 
K008 they're getting busted by the internal frame folks but they 

think they think an advantage would be to make this 
external frame also be mountable to a rack or become a 
rack  

I007 yeah 
K009 and that would be pretty cool too 
J008 they could keep selling the external frame backpacks 

K010 yeah 
I008 right and bicycles 
J009 OK I missed that 

I009 which part did you miss? 
J010 oh the fact that I I thought I picked up that they were going 

to that they were conceiving of making an internal frame 

pack but em  I guess that's not what they're saying you're 
saying that they make external frame packs currently? 

K011 mm hmm they make external  

J011 does it say that they want to stick with that or 
I010 well it doesn't say anything about going uh external or 

internal so that I think that you raised a good point 

K012 they just yeah 
I011 yeah that we have that freedom right now  
J012 OK maybe we could get something that we're gonna 

propose to them that if it has any advantage in this 
application right 

I012 sure 

J013 OK 
K013 but they wanna use it with this external frame backpack it 

looks like  

I013 right with this well let's see 
K014 because the HiStar this this is a best-selling backpack the 

mid-range HiStar  

I014 right and they have their best-selling bike right  
K015 they've decided to develop an excs accessory for the 

HiStar 

I015 yeah 
K016 this is the HiStar backpack the HiStar 

J014 where do you see that?  
I016 at the top here 
K017 very beginning 

J015 yeah here it is on the basis of this marketing report 
HiAdventure has decided to develop an accessory for the 
HiStar and these are the two kinda functional criteria it 

says a special carrying fastening device that would enable 
you to fasten and carry the backpack on mountain bikes 
and then the device would have to fit on most touring and 

mountain bikes so it doesn't sound like it's specific to this 
one 

I017 absolutely you're right 

J016 and fold down it should fold down or at any rate be 
stacked away easily mm by saying folding down they're 
making an assumption that it's not flat to begin with which 

it might be... a quick survey has shown that there is 
nothing like this on the European market OK so we have 
like can fold or store easily it's an accessory... it should fit 

fit most mountain bikes whatever that means other there 
must be whatever characteristics that are common I guess 
to most mountain bikes ... fasten or carry ... and we're 

assuming we're designing for the HiStar pack is that what  
I018 yeah something Hike Star oh HiStar pack 
J017 OK em and that's supposed to be (inaudible)  

I019 should we uh prepare a schedule and then just sorta stick 
to it or should we uh just start working? 

J018 no it's probably a good idea to try to quantify our amount 

of time the kinda time we have left (laugh) 
I020 yeah we've used fifteen minutes so we have  
J019 OK so we have an hour and fortyfive so we need to 

generate some concepts and I guess refine the concepts 
and or whaddaya call  
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environment into which information and communication technology (ICT) applications will be placed. 
The authors of this paper propose a theoretical process model and the associated detailed information 
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against a field study renovation project. The field study project identifies information flows and 
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subcontractors and suppliers. The process model which is being established shows very high levels of 
complexity in dependencies and interdependencies between implicit and explicit information within the 
project design and construction teams. Without an understanding of these detailed and complex 
process interactions, proposals for the application of ICT to the construction industry will not reflect the 
requirements of those for whom they are being developed. 
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INTRODUCTION 
 
Building production is one that involves a number of 
expert disciplines bringing specialised knowledge to a 
project and which work in an information rich 
environment. The development of data rich digital 
environments for the construction industry has been 
problematic despite the initial optimism when their 

application to design and construction was first proposed 
some 40 years ago. Many researchers have consistently 
expressed concerns about fragmentation and the lack of 
integration and interoperability in the construction 
industry and see the application of information 
technology (IT) as a possible means of addressing 
these. Despite its identified flaws and lack of uptake of IT 
applications, the industry is still able to produce very 
complex built structures. Although there has been much 

discussion about how to improve productivity, cost 
control and client satisfaction in the building industry, 
little progress appears to have been made. With industry 
fragmentation, support tools have become consultant 
specific to deal with the complexity and specialised 
nature of many of the design and construction 
processes. Other industries such as automotive, 
electronics, manufacturing, and shipbuilding have 

developed many industry wide processes to an 
advanced level. Reports such as Latham 1994, Egan 
1998 and the Commonwealth of Australia 1999 have 
indicated that adopting manufacturing processes and 
their supporting technology will enable the construction 
industry to save up to forty percent of the total project 
cost (not to be confused with the net building cost).  
Initiatives (IDEF0 1981; Froese 1995; IMI 1995; Poyet & 

Antipolis 1995; Aouad et al. 1998; Aouad et al. 1999; IAI 
1999; Kazi et al. 2001; Tolman et al. 2001; Wilson et al. 
2001; Gehre et al. 2002; Kazi 2002; Wix & 
Katranuschkov 2002; Zarli et al. 2002) have presented 
generic processes and information transfer protocols to 
support business structure, design, construction and post 
completion stages at a macro level. It appears however 

that the defined inter-relationships between activities are 
not sufficiently applicable to industry to gain their strong 
interest and subsequent implementation. The Generic 
Design and Construction Process Protocol (IMI 1995) is 
perhaps the most detailed and thorough process model 
proposal and potentially influential for the Australian 
construction industry. On the other hand, like many other 

attempts, the process model presented is linear in its 
description of building process. There is evidence that 
these models acknowledge the inter-relationship 
between activities within the process. In spite of this, 
very little is known about who has what information, 
when, where, and in what form. Winch and Carr (2001) 
argue that the construction industry needs to develop a 
widely accepted ‘methodology for creating maps and 

protocols which can provide the baselines for shaping 
project-specific processes, and communicating to the 
client the merits of competing protocols’ (p. 528) rather 
than generic process protocols.  Details of the 
background of this research has been discussed in 
(Pham & Dawson 2003, 2004).  
 

1. THE THEORETICAL PROCESS MODEL 
 
The use of a three dimensional description of a process 

model supporting digital environments has the potential 
to show high levels of complexity in dependencies and 
interdependencies between implicit and explicit 
information within the project design and construction 
teams. The authors propose a conceptual framework for 
the Distributed Information System (DIS) Network Model 
where the complexity of information and process 
interactions during design, construction and the building 

lifecycle may be defined (Figure 1). 
 
1.1. Criteria for the DIS Network Model 
From observation (see below) seven components have 
been identified as being critical for defining the 
theoretical process model.   
These are: 
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• Task: Work to be undertaken to complete a building 
element or achieve a particular Goal. 

• Entity: End product resulting from the undertaking of a 
task or set of tasks (eg a building design or 

component). 
• Nodes: The three defined nodes are Information node 

(eg data set), Stakeholder (or participant) node, and 
Task node. 

• Process/Activities: Actions and/or support for actions 
(tools, equipment, space, information, time etc.) 
required to complete a task or achieve a Goal.  

• Link: Relationship or connection between the nodes (eg 

a communication link between stakeholders or a critical 
path between tasks). 

• Modes and States: Differing views of the network 
process model showing different relationships between 
the same or similar information. 

• Time 
The relationship between the components is described in 
Figure 1.  The model may be scaled to allow the 

identification of supersets and subsets of related tasks, 
entities and nodes (see Figures 6 to 14).  This provides 
for both a micro and macro view of the sequences, 
actions, requirements, links and responsibility for 
activities and tasks carried out during design and 
construction.   

 
Figure 1: Theoretical Distributed Information System 

Network Model 
 

1.2. The implications of the process model as a 3D 
network system  
This 3D network description allows project coordinators 

to identify within time, the sequence and responsibility of 
tasks and activities carried out by all project participants.  
The rich project information generated and delivered by 
all stakeholders is traceable through the links between 
the activities and processes carried out in the building 
lifecycle. The form described provides the scalability 
necessary to allow the complexity of industry interaction 
to be described in a network matrix. The 3D model 

representation deals with the complexity of the design 
and construction process in a Multi State approach. 
Hence, the same information structure may be captured 
and viewed in different states. Given the current building 
industry practices ‘a single repository that captures all 
the information used in building design, construction and 
operation is not likely to be achievable. Multiple models 
and repositories are not likely to disappear’ and ‘will be 

treated as a set of interconnected aspect models rather 
than a single integrated model’ (Eastman 1999). This is 
suggested in the theoretical model described. 
 
 
 
 
 

2. DISTRIBUTED INFORMATION SYSTEM (DIS) 
VALIDATION 
 
An investigation is currently being carried out into the 
design and construction processes of a renovation 
project of an existing 100 year old large warehouse 
building in Victoria, Australia. This field study is 

undertaking the mapping of information flows and 
organisational interactions in the project and is being 
conducted to test and validate the theoretical DIS model. 
All project participants such as designers, project 
managers, clients, contractors, subcontractors and 
suppliers have assisted in providing the necessary 
information (data sets, correspondence, meeting 
minutes, requests for information, etc.) to support the 

research. The study commenced with the initial client 
briefing of the architects and will be completed on 
handover of the finished renovation. The interviews, 
analysis of the project documents and participation in 
project meetings facilitated the identification of the 
complex interactions of building information and 
processes. During the construction phase, site 
observations are identifying materials, items installed, 
and their location within the building.  The study also 

includes the geometric relationship between the 
assembled components, their method of installation, 
spatial requirements for assembly and storage, and the 
tools and equipment used by the contractors. Interviews 
with all contractors were conducted to establish their 
complex organisational network and the interactions of 
information and processes, and links in their supply 
chain.  

In the selected example, the design and assembly of the 
mechanical system has been selected to further validate 
(or otherwise) the theoretical model of the distributed 
information system structure. As highlighted, Figure 2 
below shows the network of players directly involved 
during design of the hybrid displacement/ventilation 
passive ventilation system.  

 
Figure 2: Network of the Design Group 

 

 
archi: Architect client: Client CM: Construction Manager  

MC: Mechanical Contractor ME: Mechanical Engineer 
 PM: Project Manager 

Figure 3: Network of the Information Generation and 

Distribution of Mechanical Design 

Arrows indicate  
an external link 
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The field study mapping showed that the interactions, 
communication, information flows (generation and 
distribution) and links between project participants during 
design was widespread over several players. The results 

showed a total of ten project participants were directly 
involved from project initiation to the tender phase. A 
total of thirty project participants were involved to 
achieve the realisation of the mechanical system design 
and assembly. Figure 3 above shows the interactions 
and information flows between the immediate players 
who are directly involved in the design of the 
sophisticated mechanical system.  

During the construction phase, the assembly of the 
mechanical system (T2 - Task 2) was selected and 
classified as a superset task. As shown highlighted, the 
task was broken down into sub-tasks (Figure 4). 
 

 
Figure 4: T2 – Task 2, Mechanical Engineers 

Information, Section View 
 
To achieve realisation, the assembly process involved 
seven participants including the site foreman/leading 
hand as the coordinator of construction activities for the 
installation of the mechanical system. The construction 
site manager was also involved to coordinate other sub-
trades who were directly involved in installation process. 
A network, including the supply chain for the mechanical 

services installation, was identified and is shown in 
Figure 5.  
 

 
Figure 5: Network of the Mechanical Services Group 

 
The breakdown of activities has been applied to the DIS 
network (see Figures 6 to 14). It shows all links between 

project participants and the relationships between the 
information generated and the processes undertaken. 
The detailed breakdown of the overall task into subsets 
has enabled the identification of who is responsible for 
different tasks, when they occur and the relationships 
between activities within each task. As identified, the 
evidence suggests that the interconnections, task 

dependencies and interdependencies, as well as flows of 
information become rich and highly complex.  
 
2.1. The DIS Model Application 

The significance of this model is in the ability to view the 
same information through various Modes and States. 
Two modes and five state views are evident. Modes 1 
and 2 are related but are independent.   
Mode 1:  Task Specific 
Mode 1 deals with task links and the information flows 
from one task to another (based on time). Hence, upon 
completion of one task, the next can proceed. 

Mode 2: Stakeholder Specific 
Mode 2 deals with the information generation and 
distribution between stakeholders.  
The state views are applied to differentiate the 
aggregation of tasks and stakeholders (modes).   
State 0: Aggregated State View. See Figures 7, 10 and 
13. 
State 1: Communication Links - Modes 1 and 2. See 

Figures 8, 9, 11, 12 and 14. 
State 2: Information Flows - Modes 1 and 2. See Figures 
8, 9, 11, 12 and 14. 
State 3: Critical Paths - Mode 1. See Figures 8 and 11. 
State 4: Responsibility Links - Mode 2. See Figures 9, 12 
and 14. 
Figure 6 below shows some of the external task and 
organizational links directly involved in the installation of 

the new mechanical system. However, they are more 
involved indirectly through the Project Process Hierarchy 
of Responsibilities. 
 

 
Figure 6: Scope of external links/interactions for Task 2 

 

 
Figure 7: Detail Structure of Activities within Network 

Model of Task 2 
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Figure 8: Detail Structure of Activities within Network 
Model of Task 2 (State Views) 

 

 
 

Figure 9: Detail Structure of Activities within Network 

Model of Task 2 (State Views) 
 
This process model is to be viewed as a foundation 
model and as a new task set is required, it may be added 
to the process. As shown in Figure 7, numerous activities 
and sub-activities were required to be carried out to 
achieve the Goal; in this case the assembly of the 
mechanical services. A further sub task (Subtask 5) has 
been selected and detailed in Figures 10-12. This 

demonstrates the ability of the proposed DIS model to 
accommodate hierarchical task sets within an overall 
construction modelling program. 
 

 
Figure 10: Detail Structure of Activities within Network 

Model of Sub Task 5 (State Views) 

 

 
Figure 11: Detail Structure of Activities within Network 

Model of Sub Task 5 (State Views) 
 

A breakdown at the Subsub task level will identify 
information such as the tools, equipment and spatial 
requirements that each trade needs to carry out their 

task efficiently and effectively. Similar mode and state 
views to those described in Figures 6 to 12 can also be 

developed at this level (see Figures 13 and 14 below).  
 

 
Figure 12: Detail Structure of Activities within Network 

Model of Sub Task 5 (State Views) 
 

 
Figure 13: Detail Structure of Activities within Network 

Model of SubsubTask 1 (State Views) 
 

 
Figure 14: Detail Structure of Activities within Network 

Model of SubsubTask 1 (State Views) 
 

DISCUSSION  
 
The field study mapping showed that the task involved a 
high number of project participants which were required 
to be coordinated in the design and assembly process to 
allow the realisation of the sophisticated mechanical 
system. Several mismatches between the documented 

information and the actual construction were identified 
which caused some parts of the ductwork to be 
redesigned and remanufactured. As a result, labourers 
had to be coordinated to work on other tasks until the 
new parts were delivered. This could have been 
prevented if the existing information was analysed 
thoroughly during design. It is apparent that, to save 
costs, project participants often surveyed a portion of the 

existing building condition in great detail and assumed 
the rest of the building fabric was similar. Consequently, 
it affected the downstream players who presumed that 
the information was accurate. It was found that the 
integrity of the existing conditions survey by the project 
participants during design was not completely accurate 
and mismatches were resolved on site during 
construction. The assembly of the mechanical ductwork 
was designed with provisions (flexibility) for on-site 

modification. This seems to be an appropriate strategy in 
the current industry where collaboration and integration 
is rarely evident. The evidence suggests that the 
implications of dependencies and interdependencies 
tasks have a significant impact on a process and should 
be considered during design to minimise risks of delays 
and rework.  
Although the expected outcome of the project was 
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explicitly explained in the architectural drawings, shop 
drawings and specifications, the extent of the work 
carried out by the contractor or individual construction 
workers was implied. This form of communication is 

based on the assumption, by the architect, that the 
downstream participant has appropriate knowledge to 
carry out the building task based on experience and 
precedence. Once the information is received by the 
contracting organisations, it was then interpreted, filtered 
and communicated verbally by the head subcontractors 
who were on-site during construction. This process 
allows the coordinator of a specific task (which may be a 

superset, sub set or sub-sub set of another task) to be in 
control of the interrelated activities and it also facilitates 
communication transfer at the coordinator’s level. The 
proposed DIS model facilitates description of these 
through a multi-state view of the interrelationships 
between tasks and stakeholders.  
 

CONCLUSION 
 
The initial information flow chart mapping showed that 

extremely high levels of complexity in dependencies and 
interdependencies exist between implicit and explicit 
information. The level of complexity of communication of 
the design and construction process is significantly more 
complex than that reflected in commonly accepted 
architectural documents. The detailed case study 
mapping has allowed researchers at Deakin University to 
construct a network to describe the sequence and 

responsibility of activities during design and construction. 
By identifying all nodes and links embedded in the 
network model, the complexity of task, information and 
stakeholder interactions can be described but requires a 
multi-state a process model.  
The next phase of this research will involve the 
structuring of the results obtained from the field study. 
Further analysis of the project data from initial design to 

construction will enable the Distributed Information 
System Model to be further refined to reflect the 
information flows and knowledge system in current 
industry practice.  
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ABSTRACT: A demand-oriented requirement framework for the assessment of building performance 
on basis of computational simulation has been developed elsewhere (Schwede 2003). It acknowledged 
the operation phase domains “energy efficiency” and “comfort”, the sequential steps in the design 
process and current research in design science. In this paper a concept for an “interactive digital 
building site” (simulation tool) is developed on its basis. 
The concept employs the notion of a constructive language to conceive a model, which is universally 

useful and context independent. Following the previous requirement framework this model is 
developed to represent physical phenomena and processes in a three dimensional, highly integrated 
and dynamic manner. The constructive language consists of a set of basic spatial elements, rules of 
topology and rules of validity. It defines a self-contained digital model to predict and to investigate the 
physical behaviour of the design object and its environment under operational conditions to support a 
performance centred design approach. 
The paper summarizes the requirement framework before the concept is introduced and its structure 
and features are explained. At the end of the paper the current stage of model development and 

prototype implementation is reported. 
 
Conference theme: Computers and architecture 
Keywords: computational simulation, performance-centred design, constructive language 
 
 

INTRODUCTION 
 
Architectural design aims to develop a structure which 
will satisfy certain objectives throughout its operation. 

The behaviour of the designed structure is the result of a 
highly integrated system consisting of the structure itself, 
the technical appliances and the occupants (Figure 1) 
within the greater context of its natural and built 
environment. 
 

Figure 1: Interaction in the design object: physical 

processes, technical equipment and occupants 
 
It has always been one of the fundamental problems of 
engineering to anticipate realistic conditions (boundary 
conditions, control schemes, usage patterns, etc.) under 
which the designed object will be operated throughout its 
lifetime. Additionally the complexity of the system 
increases with the increase of technical possibility, the 
increase of the occupants’ demands and also the 

growing understanding of single aspects of the system 

itself. The answer has been, to decompose the system 
into more understandable segments and to introduce 
domains to distribute the tasks in the design process 

under the designers and engineers in the design team. 
Although we acknowledge that decomposition was 
necessary to develop the knowledge and the techniques 
we apply today and that it is and will be necessary to 
develop designs in today’s architectural practice, we also 
have to acknowledge that decomposition created a 
structured view, which does not represent the physical 
world we design for. 

Today we recognize that the integration of various 
phenomena in our world determines the performance of 
the structures we design. This is obvious and broadly 
accepted for the assessment of “energy efficiency” and 
“comfort” performance. Nevertheless the complex 
assessment of the integrated design problems is not 
supported by the reasoning capabilities of the human 
designer. One possible strategy, which is applied in 

engineering and design to undertake a more integrated 
assessment, is to build a physical model and to test its 
behaviour under real conditions (mock-up, climate 
chamber, see Figure 2 c). Another possible way is to 
design as satisfactorily as possible and to adjust the 
system’s parameters later, when the design object is 
built (POE, measurements, see Figure 2 a, b). Both 
strategies are expensive, inflexible and time consuming. 

Digital technology today enables us to represent the 
physical world more realistically than was possible in the 
past. It is the objective of this research to create a 
computational model, in which design can be assessed 
holistically before the structure is built to achieve an 
energy efficient and comfortable architectural result. 
Therefore a computational model to represent the 
physical behaviour of the design object and its 
environment in a three-dimensional, highly integrated 
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and dynamic manner will be developed. The research 
reported here concentrates on the physical processes 
(dashed lined box, Figure 1) as a first step towards a 
more holistic model to support performance centred 

architectural design. 
 

a   

b  c  

a, b: http://www.dantecdynamics.de 
c: http://www.civil.auc.dk/i6/klima/laborato.html 

Figure 2: Strategies for the evaluation of design 
 

1. REQUIREMENT FRAMEWORK 
 

1.1. Dimensions of the framework 
At the beginning of the research a demand-oriented 
requirement framework for the assessment of building 
performance, in the areas of comfort quality and energy 
efficiency on basis of computational simulation, was 
developed (Schwede 2003). This framework addressed 
the capabilities a simulation tool needs to have to be 
accepted as a supportive aid in the human design 
process and to direct the considerations of the design 

team towards a “better” architectural design outcome in 
this sense. The framework gives advice on how the 
model has to be structured internally and how it has to 
be integrated into the human design process. The main 
points of this framework are summarized in the following 
sections. 
 
1.2. Functions of simulation 

In general computational simulation provides us with a 
low-cost, low-risk and time-efficient environment to 
model, to generate and to compute mathematical, 
numeric and graphic representations of design problems. 
The differentiation between the specific functions that 
computational simulation can provide in the design 
process gives information about how a simulation model 
for one or more of these functions must be designed.  

The framework differentiates five functions: learning, 
prediction, investigation, communication and education. 
• learning try-and-retry mechanism to find cause-

and-impact patterns, discussing the 

design object’s performance with the 
simulation tool 

• prediction sizing of building parts and components 
for representative design cases 

• investigation impact of alteration of the design 
conditions to identify improvement 
potentials and dangers for controlled 
operation 

• communication aid to display and explain the design 
objects behaviour to participants from 
different domains in the design team 

• education demonstration of the impact of faulty 
construction, variation in operation and 
behaviour to contractors, site personal 
and occupants 

 

1.3. Design process and design assessment 
The application of the simulation is located in the 
analysis activity (Figure 3 a, b) in the circle of design 
(FSB representation scheme, Gero 1990). In the 
conventional design process the intended function (F) of 
the design object is associated with an expected 
behaviour (Be) and transformed into a structure 
representation (S). The proposed structure is expected 

to be suitable to provide the intended function. Analysis 
is the determination of the structure’s actual behaviour 
(Bs). Evaluation is the comparison between the 
structure’s expected behaviour (Be) and the actual 
behaviour (Bs). 
 

a  b  
Be set of expected behaviour

Bs set of actual behaviour

F set of functions

S structure

P performance

D design description

M simulation model  
a. and representation of the design process (Gero 1990) 

Figure 3: Change of the design process under 
application of digital augmented design representations, 

a. structure centred design process, b. performance 

centred design process 
 
While applications of digital technology could support the 
human designer in various further activities in the design 
process (evaluation, structure generation), computational 
simulation - to define this term – will simply provide a 
powerful means to translate a description of the 
designed structure into a statement about its actual 

behaviour or performance (Figure 3 b). This is a powerful 
enhancement of the process as the aspects, which are to 
be considered in the translation are too complex to be 
processed by the human designer in a way which 
represents the physical world as holistically as 
necessary. In this sense the application of computational 
simulation could move from a structure centred design 
towards a performance centred design (acknowledging 
the holistic nature of the physical world). 
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1.4. Design process and sequence 
Early decisions in the design process have a major 
impact on the later performance of the design object. 
The earlier computational simulation techniques are 

applied, the more beneficial is the achievement of 
formulated objectives. Guidelines for the achievement of 
energy efficient building design found in the literature 
(e.g. BREEAM 1989) and have been analysed to identify 
the steps in which computational simulation could be 
supportive: 
• inception motivation and formulation of more 

integrated demand and objective 

statements 
• feasibility investigation of micro climatic 

conditions, potential usage of the 
environment 

• outline proposal 
and scheme design 

investigation of the impact of 
geometry, material and orientation,  
control strategies / dynamic behaviour 

• detailed design assessment of life cycle aspects, 

maintenance, economic aspects 
• production 
information 

determination of acceptable changes, 
trade-offs (environmental / economic) 

• operation on the 
site 

briefing on efficiency measures, 
education of the site personnel 

Further it has to be acknowledged that design does not 
progress at the same rate for all parts of the design 
object, so that a simulation model should be able to 

process a structure description in which different stages 
are represented in parallel for different areas of the 
design object. 
 
1.5. Model content – physical model 
The content of the physical model was conceived after a 
literature survey of the prevailing comfort assessment 
models in the structure of an assessment method 
developed for the assessment of buildings in use 

(Vischer 1989, 1996). The necessary parameters to 
support energy efficient designs were determined from 
the IPMV protocol (IPMVP 2001), which was developed 
as a monitoring guideline for existing buildings. The 
physical phenomena, which were identified as necessary 
for the assessment of comfort and energy efficiency, are 
listed in table 1 in the section “concept”. It was found that 
that simulation of the phenomena has to be highly 

integrated, three-dimensional and dynamic. 
 
1.6. Universal applicability and result translation 
The various design representations aim to describe the 
design object which is to be built in the physical world as 
a structure of material in space. Although the various 
domains use different concepts to describe the design 
object in forms suitable for their specific task, they all 

describe the same physical object. Mapping between the 
various domain specific object-oriented design 
representations is a major and unsolved issue in today’s 
design computing research.  
In this research the physical behaviour of a designed 
structure was identified as a function of the material in 
space and the environment. Physics is not an object-
oriented science yet physical laws are valid universally 

throughout the domains, so that a tool to investigate the 
physical behaviour of design objects, on the level of 
physics, is – in its core – not concerned with the problem 
of translation between the domain representations. A 
simulation can be processed when information about 
material in space and some meta-data (activities, 
perceptions and control schemes) are available. 
It was shown in a survey (see section 1.5.) and a 
subsequent analysis of the prevailing assessment 

models that comfort and energy efficiency can be 
assessed when a rather small set of physical processes 
is simulated. Further physical parameters, which are 
used to describe and to evaluate the design object’s 

performance in various domains, are direct derivates of 
this common core model. If the core model is calculated 
three dimensionally and dynamically, the evaluation 
models can translate the results in a domain specific 
formulation understandable by the human designer. The 
structure of evaluation models is shown in figure 5 in the 
section “application”. 
 

2. CONCEPT 
 

2.1. Constructive language 
The simulation tool development applies the concepts of 
a constructive language to meet the requirements listed 
in previous sections. A constructive language – to define 
this term – is able to be used to synthesise objects and 
circumstances, which are different from the objects and 
circumstances analysed to conceive the language. It is 
defined by a set of basic elements, which follow rules of 

topology and rules of validity to generate the indented 
meaning in the prevailing context. 
The simulation model is designed in this way to ensure 
that its applicability is not predefined by its structure. It is 
developed so that the various questions about the 
physical behaviour of the design object can be answered 
using it as a basis. The constructive language is defined 
by the following components: 

• basic elements - congeneric cells with a physically self-
contained behaviour map 

• rules of topology - geometrically self-contained design 
volume 
- congeneric conjunctions 

• rules of validity - demand-oriented validity range 
• context - evaluation models 
 

2.2. Geometrically self-contained design volume 
The geometrically self-contained design volume defines 
the spatial boundaries in which the design takes place. 
The volume inside these boundaries is defined spatially 
and materially and is the subject of the simulation. The 
relations between objects within the design volume are 
defined geometrically and can be determined 
automatically within the tool implementation. Influences, 
which have their origin outside the design volume, are 

modelled as boundary conditions at the design volume’s 
borders.  

 

2.3. Congeneric cells and physically self-contained 
behaviour map 

The design volume is dismembered into a structured 
system of congeneric cells, which are the basic elements 
of the constructive language. These elements are 
defined by their position in the system, by their physical 
state and by a self-contained behaviour map, which is 
associated with the cell’s material. The behaviour map is 
formulated as a system of equations to determine the set 
of physical properties in dependency from the cell’s 

physical states. The equations are mathematical 
representations of well-known physical laws. 
Together with the congeneric conjunctions, which 
represent the interaction between the cells, the 
physically self-contained behaviour map and the cell’s 
physical state form the engine to simulate the dynamic 
physical behaviour of the cell. The physical behaviour of 
the designed system is the combined picture of the 

autonomous cells’ behaviour. 
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2.4. Congeneric conjunctions 
The congeneric conjunctions represent the physical 
interactions between the cells and the cell surfaces (see 
Figure 4). The concept differentiates between near and 

remote conjunctions. Near conjunctions connect spatially 
adjacent cells and represent conduction and flow 
processes. Remote conjunctions connect the cell 
surfaces and the surfaces of the design volume 
(boundary conditions), which are in view contact but 
separated by transmitting material (eg. air), to model 
radiation, light and acoustic processes. 
The conjunctions are formulated as sets of congeneric 

mathematical equations to represent the well-known 
physical laws in a structure, which can be used to 
simulate various physical processes with (as far as 
possible) a general algorithm. The physical phenomena, 
which are represented by the model, are assembled in 
Table 1. 
 

conduction,

transport, flow,

etc. conjunctions

radiation, light,

acoustic, etc.

conjunctions

 

 
Figure 4: Concept of congeneric cells and conjunctions, 

near- and remote conjunctions 
 

2.5. Demand-oriented validity range 
The validity of the model is limited to a range of physical 
states, which is appropriate to represent the physical 
behaviour of the design object and its environment in the 
architectural domain. This validity range gives advice on 
the application of the tool implementation, but it also 
simplifies the development of the physical model. 
Processes, which are outside this range but influence the 

investigated system (e.g. light sources, burners), must 
be modelled as activities. 
 
 

2.6 Evaluation models 
The context in which the constructive language is applied 
is defined by the design problem at the current stage of 
the design process. The information the cell carries 

about the various aspects of its physical state (thermal 
energy, moisture content, etc.) and the resulting 
statement about the entire system’s behaviour can be 
evaluated to provide the required answer. An evaluation 
model is a mathematical formulation (equation) to 
translate the information provided by the simulation 
model, into a domain and task specific form 
understandable by the designer. 

 

3. APPLICATION 
 
3.1. Application in the design process 
At the beginning of the design process a geometrically 
and physically self-contained design volume, filled with 
air, is defined. The boundary conditions (eg. weather) 
and the natural and built environment are modelled to 
represent the situation at the building site before the 
design object is built. Initial investigations can be 

conducted by running the simulation engine, to learn 
about the physical conditions (micro climate, potential 
use of natural energy sources) at the site. Starting the 
actual design process the designer introduces the first 
design proposal into the self-contained design volume by 
replacing initial volumes with designed volumes 
possessing specified material properties. In the first 
steps the introduced geometries will be only rough and 

sketch-like representations of the design object. In later 
steps the representation of the design object will be 
refined, as a result of being conceived through the circle 
of design activities, analysis, evaluation and 
reformulation. 
The simulation model supports the design activity 
“analysis” (see Figures 3 and 5). The dynamic core 
model translates the geometry, material and meta-data 

information (structure), which is specified by the human 
designer, into information about its dynamic behaviour. 
The physical evaluation models and the domain 
evaluation models present this information in a domain 
specific form, which can be understood by the human 
designer. Figure 5 shows the application of the self-
contained model in the design process. 
 

 

Table 1: Physical phenomena, activities 

 mass kinetic 
energy 

thermal 
energy 

light sound moisture 
content 

CO2 content OS content 

surface   emission 
transmission/ 
absorption 

reflection 
generation 

emission 
transmission/ 
absorption 

reflection 
generation 

emission 
transmission/ 
absorption 

reflection 
generation 

   

solid   transmission/ 
absorption 
conduction 

storage 
generation 

transmission/ 
absorption 

transmission/ 
absorption 

conduction 
diffusion 
storage 

generation 

  

air flow/ 

conservation 

flow/ 

conservation 
dissipation 

transmission 

conduction 
storage 
generation 

convection 

transmission transmission/ 

absorption 

diffusion 

storage 
generation 
convection 

diffusion 

storage 
generation 
convection 

diffusion 

storage 
generation 
convection 

water flow/ 
conservation 

flow/ 
conservation 

dissipation 

transmission/ 
absorption 

conduction 
storage 
generation 

convection 

transmission/ 
absorption 

transmission/ 
absorption 

endless 
storage 

generation 
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Analysis.

(CC Simulation Model).

Design

Information

(Human Design)

Geometry Material

Design Information

(Augmented Content)
Physical Evaluation Model

Evaluation A Reformulation

Evaluation X Reformulation

... ...

Meta-Data

Interpretation  A

...

Interpretation X

Domain Evaluation Model A DEM X...

Dynamic Core Model

Initial Geometrical and Physical self-contained Design Volume (CC Simulation Model)

 
 
Figure 5: Application of the self-contained model in the 

design process 
 

3.2. Core and evaluation models 
The structure of the core and evaluation models is 
universally applicable, so that the model can be 
customized according to the needs of the particular 
design team. While the core models represent physics, 
the evaluation models translate the results of the core 
models into a more understandable, for the human 
designer, form. Figure 6 shows the mapping between the 

physical world and the digital model. Following the notion 
that we want to use the simulation model to assess the 
design object’s performance as if the object has been 
already built, the core model represents the physical 
properties and states, while the evaluation models 
represent measurements and analysis by the human 
investigator in the physical world. 
 

temperature,

relative humidity

yearly energy demand,

overall comfort,

mold growth probability

material, costs, weight,

static: density, capacity

Digital World

Dynamic Core Model

DCM

Physical Evaluation Model

PEM

Domain Evaluation Model

DEM

Physical World

Physical States

Measurement and

Simple Analysis

Abstract and

Sophisticated Analysis

Static Core Model

SCM
Physical Properties

energy content,

moisture content

Figure 6: Mapping between the physical and the digital 
world, core and evaluation models 

 

4. PROTOTYPE 
 
4.1. Geometrical model generation 
The amount of information the user has to provide to 
investigate the physical behaviour of the designed 
structure is reduced by the structure of the model and 

the applied principles of geometrical and physical self-
containedness. In the ideal case the simulation 
environment provides an extensive material database, in 
which the material datasets can be identified by the 
material name, in a form familiar to the designer. The 
design volume is defined together with its boundary 
conditions (eg. weather) at the beginning, preceding the 
actual design.  

At design time the designer specifies the geometry and 
assigns material names to the designed volumes. Initial 
physical states are assigned automatically by typical 
material specific values. Additional active capabilities can 
be associated with the volumes to model the impact of 
technical systems or occupants (see Table 1 
generation). Datapoints can be introduced, such as 
measuring devices in existing buildings, to read out 

information from the model for the evaluation or to 
provide input for the control of activities (heat sources, 
light control, etc.). 
The developed prototype provides a simple tool for the 

generation of three dimensional geometric model 
descriptions, in which material names, activity names 
and datapoint names can be assigned. The simple 
structure of the geometrical model allows it to be 
generated from any design representation, which 
provides information about three-dimensional geometry 
and one further item of information (eg. material, colour 
or layer) to represent material and active and perceptive 

capabilities. So far no translator of this kind has 
previously been implemented within the prototype. 
Further modules for the model generation were 
implemented to input the material data and to model 
activities. 
 
4.2. Cell generator 
The self-contained design volume, which contains the 

designed structure, is translated into a structured grid of 
cells and the cells are equipped with surfaces (see 
Figure 7). The material properties and the active and 
perceptive capabilities are assigned to the cell volumes 
and the surface properties; the surface activities and the 
surface perceptions are assigned to the cell surfaces. In 
a second step near and remote conjunctions are 
established (see Figure 7 b, c) and calculations (cell 

volumes, view factors, etc.) are conducted to prepare the 
model for the later dynamic simulation. 
 

a  
Design

Volume

Congeneric

Cells

Translation

 

b   

c   
 
Figure 7: Generation of the cell model out of the object 

model, a. principle diagram, b. cell model, c. surface 
model 

 

4.3. Core and evaluation models 
The described structure of the core and evaluation 
models is represented in an equation-based evaluation 
model module. The mathematical formulation of the 
evaluation models (etc. comfort model) can be 
assembled in the form of an equation using constants, 
model values, core parameters and previously generated 
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evaluation models as inputs (see Figure 8 a). 
Additionally a colour scale for the graphical display (see 
Figure 8 b) of the evaluation model is defined. 
At the current stage the equation parser can only 

process very basic mathematical operations, at a later 
stage more sophisticated operations (average, running 
mean, etc.) will be implemented. 
 

 
a 

 
b. 

Figure 8: Screenshots (a) modelling and (b) display of 
the evaluation models 

4.4. Simulation engine 
Besides the information on how to display the graphical 
representation on the screen the simulation engine 
demands only information about which period shall be 
simulated and displayed; all other parameters (boundary 
conditions, evaluation models, etc.) are defined before 

hand. 
The calculation of the physical processes follows the 
concept described in section 2 of this paper. It is based 
on an extensive but self-contained catalogue of physical 
equations, representing the physical processes and 
phenomena listed in table 1, in a similar structure. The 
calculation algorithm was tested for simpler cases and is 
currently under development for the calculation of highly 

integrated and dynamic behaviour of a structure. It will 
be refined and tested in the later steps of the research. 
Additional to the three-dimensional graphic display (see 
Figure 8 b) a number-based table display, for numerical 
evaluation, and an output device to a file in the form of a 
value list will be implemented to ensure the integration of 

the tool into the world of widely used office application 
(spread sheet and diagram programs). 
 

CONCLUSION 
 

Although the full functionality and the proposed 
integration of physical processes has not been achieved 
in the prototype so far, it has been shown that the 
approach is applicable and worth being developed 
further. Due to computational constraints (using only one 
computer) the application of the prototype will remain 
constrained to very simple design cases. In principle a 
congeneric cell simulation model can be scaled using 
parallel computer architectures, as soon as the 

formulation for one constructive element, namely a 
‘congeneric cell’, and the self-contained design volume – 
both of which form the constructive language – has been 
conceived. Then we can augment the geometry and 
material description with information about the structure’s 
physical behaviour and we can move from a structure 
centred towards a performance centred design 
assessment. 
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ABSTRACT:  Urban design directly impacts upon the built environment but the physical implications 
are not always visualised before determinations are made. The ability to create 3D digital models of 
urban environs, at both large and small scales has been available for years and a part of urban design. 
But the process is cumbersome and the model not easily accessible except to those with technical 
expertise. Creating and amending such a model requires information to be painstakingly entered to 
accommodate change. Digital models are similarly restrictive in the type and format of data that can be 
incorporated. The outcome is that computer generated models are used more in the presentation of 
urban strategies than as an effective tool in testing the physical implications of planning policy. Imagine 

a small plain box that will accept information from a variety of sources and result in a digital model of a 
site, precinct or city. This model is accessible by multiple users, malleable in real time, inclusive of non-
graphic data and could provide immediate visualization to be useful as a tool for testing design 
concepts. This paper will look at the viability of an Urban Design Machine. 

 
 

INTRODUCTION 
 
This paper will discuss the initiation of a research project 
at the University of Melbourne. The objective of the 

paper, at this stage, is not to present solutions to the 
research but to carefully examine and frame the research 
problem. 
The problem is characterised by understanding the 
differences and similarities between the digital 
visualization needs of the discipline of Urban Design and 
those of architecture. With a clear picture of the needs of 
this discipline, a brief (or wish list) can be established to 

create a mechanism to service the requirements within 
the field. Conceptually (and ambitiously) I have called 
this mechanism the Urban Design Machine (UDM). This 
title is not just a convenient handle but goes to the heart 
of the problem: the range of professionals engaged 
within urban design and planning desire a singular, one-
stop-shop as a digital design and representational.  
Articulating the requirements for Urban Design has 
followed interviews with a range of entities engaged in 

the field. These include state and municipal government 
bodies responsible for design and planning policies and 
private practitioners. 
 

1. FRAMING THE PROBLEM 
 
Urban Design is a discipline that has demonstrated 
significant development over recent years in Australia. It 
is often seen as sitting between planning policy and 

infrastructure design and draws from a wide range of 
professionals including planners, architects and 
engineers. Perhaps because of its relatively recent 
emergence and disparate practitioners its engagement 
with digital visualization has been limited and its use as 
less of a tool for design and more as an aid for 
presentation.  
As design and visualization become a requirement for 
those responsible for making urban policy, there is a 

need for a more active engagement with digital modelling 
during the design process. This engagement may mirror 
that which developed with the architecture profession’s 
embrace of 3D digital modelling over the last ten years. 
In 1997 leading academic journals were heralding the 

integration of CAD as a medium of design within 
architectural practice and education (Schmitt 1997).  

Within 6 years it was accepted that digital modelling was 
the accepted media for architects to work within for 
design (Kalay 2004). But the peculiar needs of urban 
design and the differing backgrounds of the practitioners 
require a differ approach to that experienced in 
architectural practice. Indeed, it is these differences 
between the relative homogeneity of architecture and the 
disparateness of the urban design and planning field 
which call for a new paradigm for the interface with digital 

tools. It cannot be presumed that all within this field 
would come to the digital media with like minded skills or 
ambitions 
 

2. CASE STUDIES 
 
This paper will look at the situation of authorities 
responsible for planning policy and urban design and 
how these bodies typically use computer visualization as 
a lead into how the medium may be better offered as an 

effective tool. The particular nature of planning and 
design exposes the difficulty of matching skills with 
ambitions through the digital medium. Discussions with a 
range of government bodies have illustrated current 
practice and I will discuss these through selected two 
case studies. Having discussed the present situation I 
will present a wish list of tools that those discussions 
have unearthed with respect to envisaging an effective 

digital tool, which I ambitiously call the Urban Design 
Machine.  
 
2.1. Case Study 1 
A case study demonstrating the nature of the interaction 
between an urban design and planning government body 
with the digital medium is presented to assist in 
explaining the nature of the problem. 

A large infrastructure department was preparing an 
urban design strategy for a major inner city project. They 
were creating planning policy and designing physical 
constraints and envelopes to be provided as specific 
urban controls within the tendering process calling for 
expressions of interest. It was important for these 
controls to be clear and specific regarding the site as 
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they wanted interested consortia to be fully aware of the 
constraints and, more importantly, they wanted to direct 
the urban construction to ensure the desired outcome. 
They undertook the design process for the expansive site 

and relied on visualizing the possibilities during the 
design process through traditional drawing techniques 
and card model making. It was felt that these techniques 
were limited in that they did not easily accommodate 
conceptualizing the urban design at a range of scales 
and from a variety of view points. There was little use of 
3D digital software until near the end of the design 
process and then mainly as a medium to publicize the 

development strategy rather than testing it. 
The head of the urban design team saw a number of 
disadvantages in this process. The first was that they 
could not represent the proposals in a manner that 
allowed them to study the design from all aspects, 
especially a pedestrian’s point of view. It was understood 
that the process relied on an act of faith that they could 
interpret the traditional media sufficiently to bridge the 

gap between drawings and the intended reality. Given 
that controls would be imposed on a third party, and 
future modification of the controls would be difficult, the 
stakes were high with regard to understanding the 
physical implications of the scheme. This refrain would 
sound familiar as it echoes those of design professions 
from years earlier. The key difference being that, in the 
case of the architecture profession coming to terms with 

digital visualization the group involved was relatively 
homogenous. With the field of urban design the 
background professional training within the case study 
group varied from that of urban geographer through to 
industrial designer. 
A significant restraint in using computer visualization 
earlier in the design process was that it would have 
required contracting the digital modelling to an outside 
party and that the cost in time and money was 

unacceptable until the design was resolved. In this case 
the divide between the policy makers/urban designers 
and those who had the expertise to convert ideas into 
digital models was too great to allow the 3D visualization 
to be a useful tool during urban design. 
This example illustrates a relatively straightforward need 
for accessible digital modelling but it is also unambitious 
with regard to exploiting the potential of the medium for 

urban design and planning.  
 
2.2. Case Study 2 
Another illustrative example is of a local government 
body that would like to develop an accessible digital 
model that extends the information contained beyond the 
physical attributes to that of associated data. This would 
include information such as property zoning, rates, 

services, car and pedestrian movement and other such 
information at the scale of individual property precinct 
and municipality. The nature of this information may also 
be in descriptive and/or numerical format. What would be 
required is a comprehensive base model that allowed for 
the integration of a variety of information that could be 
continually modified to suit constant change. The 
particular city has been approaching external consultants 

who can provide some or most of the model in digital 
form but who are unable to do so in a format that can be 
easily accessible by the client without considerable 
technical expertise.  
This example highlights the distance between aspirations 
of the client body and conventional outcomes that are 
currently available. The final product of a comprehensive 
3D computer model is readily available, admittedly at 
considerable cost, but the ability to access and interact 

with the model would be beyond those without the 
technical expertise.  
 

3. WISH LIST: THE URBAN DESIGN MACHINE 
 

These examples begin to illustrate the disparate types of 
information encountered within the urban design field 
and the multi-disciplinary need to understand this 
information at different levels of representation. This has 
been recognized in the past with research undertaken to 
prototype the integration of geographic, spatial and non 
graphic information (Batara, Dave, Bishop, 2001.Dave, 
Schmitt 1995) but such in roads have been unable to 
penetrate the urban design practice. One can speculate 

as to reasons behind the lack of penetration of the 
medium within practice as compared to the rapid 
acceptance within architecture and they may centre on 
expertise and professional education. But the 
overarching obstruction is lack of access. 
Additional interviews with local municipalities and 
government urban planning bodies have exposed a 
number of desires that I have collated into a wish list. 

This list will look at desirable attributes that an Urban 
Design Machine (UDM) may offer and looks at how the 
specific requirements can be delivered. 
 
3.1. The creation of an accessible and flexible base 
digital model. 
Construction and updating of a base model can be 
created with conventional modelling software. Common 

practice is to sub-contract its construction to consultants 
for preparation and, occasionally, maintenance. As a 
base model it has ongoing use only if it can incorporate a 
variety of information formats. More usefully it could be 
formed with the inclusion of other data such as cadastral 
maps in conjunction with stereographic aerial imaging to 
establish topography, property boundaries, buildings and 
context. The system would require the ability to combine 

2D CAD documents with digital photogrammetric 
techniques. These have been used in geomatic 
disciplines and also archaeological pursuits (Oglivy 
1996). 
The flexibility of such a model must be evaluated so as to 
accommodate change, testing of discrete design projects 
and larger scale interventions. This presumes a user 
access that can identify discrete parts. These would be 
properties, buildings and other pertinent feature. Having 

these elements constructed as objects within the digital 
model would be a basic requirement as would issues of 
access and manipulation. 
A base model can be constructed given existing software 
and/or contracted service providers (Urban Futures 
Laboratory). The difficulty is in establishing the criteria for 
the model to accommodate its use as an interactive 
design tool by the client and not to be seen as an end in 

itself. 
 

3.2. Design options can be quickly created and 
evaluated in real time at a range of resolutions. 
This can be achieved through a suite of existing 
softwares, the only limitations being how to partition a 
portion of a larger model to work on in detail and to 
visualize at high resolution without needing to regenerate 

the complete model. The range of features required 
would be the ability to work at a low resolution for testing 
form through manipulation and dynamic view points and 
to be able to develop this portion at various levels of 
rendering sophistication while being able to continually 
return the project to the base model and the wider urban 
context. 
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3.3. Allow for third party generated models to be 
incorporated into the model 
For the model to be useful and maintained in must be 
able to accept a range of third party models created 

through differing software. The expressed need was for 
developers and the like to produce 3 D models that could 
be inserted into the overall model to both test the veracity 
of the proposal and to ultimately update the base when a 
project is completed. Conversion and readability on files 
are the issue and certainly within current software 
offerings. 
 

3.4. Allow for non-graphic information to be 
integrated into the model.  
The attachment of certain types of data to digital objects 
within a model is relatively common within existing 
software. Data ‘tags’ that can be accessed provide a 
range of levels that can be mined through a digital 
interrogation of defined elements or objects. This data 
could express useful information regarding properties, 

rates, traffic, crime statistics or other social information. 
These attributes would be useful within an UDM if they 
could be converted to a graphic representation. They 
could be at the level of overlays that identify 
characteristics in a simple manner through colour or 
texture coding or have a more ambitious outcome.  
Indeed these characteristics of data representation have 
been explored as a creative aid to design. This is 

exemplified in the work of Ben van Berkel and Caroline 
Bos who transformed data into 3D representations within 
urban models to both illustrate and provide form-making 
generators (van Berkel, Bos. 2000). 
An example of software developed that attempts to 
combine urban visualization with simple site data is the 
UrbanModeller program from the Virtual Field Course 
(VFC) which was developed to aid quick visualization of 
building forms in conjunction with 2D plan footprints. The 

development could also incorporate data, such as 
indications of land zoning, and dynamic information such 
as pedestrian movement and density (UrbanModeller). 
 
3.5. Accommodate rule based commands. 
This undertaking mirrors parametric modelling which can 
accept described rules expressed as numerical 
parameters that are then applied to the geometry of the 

model or models (Fischer, Bury, Woodbury 2000). An 
example of how this may be used would be in parametric 
instructions being applied to a range of building envelop 
shapes to alter heights, set backs and cut offs to test 
outcomes from development policies. The notion of rule 
based commands directly operating on the digital model 
also has precedents in shape grammar research. 
Although the sophistication of both these approaches 

may be daunting with regard to accessibility the 
fundamentals would inform the UDM development. 
 
3.6. The UDM must be economical in its use of 
processing capacity. 
The UDM should be able to partition various segments of 
the model for ease of work and short regeneration times. 
This is a convenience for working with parts of the model 

and would negate any impression that a large overall 
model is too cumbersome to work with.  
 
3.7. Multiple users 
The UDM should accommodate multiple users on the 
same base model with protocols in place to preserve the 
integrity of the master model. In this example a number 
of designers could be working on the same portion of 
base file with a gate keeping mechanism that would 

control acceptance of a final version and the replacement 
of this portion within the base model. This would apply to 
modelling and non-graphic data. The important issue is 
not the capacity to provide a platform for multi users but 

the ability to monitor and control the incorporation of the 
work. 
 
3.8. The UDM must be able to expand to accommodate 
large scale and/or high resolution models. 
This is the counter side to the previous criterion. It 
requires the working model to be developed as a 
continuum through to a realistic rendered presentation. 

This is the service that could be contracted out as a final 
presentation product although the tantalizing prospect is 
that is could be worked on by the designer who could 
access the capacity  of the program with an ease of 
access that could direct the user through the operational 
requirements.  
 
3.9. Ease of access by those who are not computer 

technicians.  
This criterion is kept until last because it is the key to the 
concept of the UDM. As has been commented upon, the 
development of tools to accommodate most of what may 
be desired for the UDM has been substantially 
undertaken. The functional mechanism of the UDM could 
build upon the consolidation of current soft and hardware 
technologies. Irrespective of the potential of the UDM it 

will only realize this if it can be accessed by those who 
would make best use of the visualization and data tools 
and not be confined to those with technical expertise. 
This factor was the most persistent entreaty from those 
interviewed as it would reduce the reliance on third 
parties and be efficient in terms of turnaround time for 
testing ideas.  Here the field of endeavour is the creation 
of the interface between which users access the UDM. It 
must lead the user through the tools available with the 

assumption that the user knows little about the generic 
computer skills conventionally required for engaging with 
a digital model. The interface must both deal with the 
naïve and the experienced user in a manner that does 
frustrate the ambitions of both. 
How users interface with computer programming remains 
an area of energetic research (Baeker et al 2000). The 
field of Human Computer Interaction 

 
(HCI) attempts to 

understand the how software is accessed by people to 
best draw the user into the potential of the software. One 
of the important aspects of this is the immediacy in which 
a user can be effective with the software.  But key to this 
research is a growing understanding that designers of 
these interfaces must be able to empathize with the 
users. To this end placing the designers within the 
context of the work environment of the users is critical, 

despite the impression that such an approach is obvious 
it is often seen as a revelation by many who work within 
the computer programming industry (Beyer et al 2000, 
McCullough 2004). 
 

4. GAMES 
 
With a view to other software developers who require a 
direct understanding of the customer/user in designing 
both the product and its ease of access we could look at 

computer game designers. This is an area that has to 
sell a product that is sophisticated and can cater for 
many different levels of expertise and application. The 
product succeeds on being attractive at all levels of 
competence and would fail if it did not understand the 
desires of those requiring access.  
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The development of games software has mirrored that of 
sophisticated digital modelling tools but has not 
intersected in any significant way in the mainstream. The 
problem may be the perception the computer games are 

about entertainment and not serious endeavour. Having 
said this there has been research that looks at games 
software engines at what the medium can offer 
architectural representation (Moloney 2001). The aspect 
of computer games that distinguishes it from the history 
of professional modelling software is that it must caters 
for, and compete within, a demanding market. This 
applies to the accessibility of its 3D engines but equally 

to the design of user interfaces. This latter point is 
important with regard to the particular needs of the urban 
design field and our UDM. Accessibility of the uninitiated 
is a problem with regard to using digital modelling as an 
effective tool. The concept of the UDM as a singular 
entity that can service the desires of the profession is 
only attractive if the interface between the user and the 
potential of the UDM is equally attractive. To this end the 

ability of computer games designers to draw users into 
the program without requiring much pre existent skill and 
in a manner that, neither patronizes the user nor bores 
the expert could be an object lesson in how we approach 
the UDM 
 

CONCLUSION 
 
As previously stated, this paper is at the beginning of the 
research cycle. It attempts to frame the problem with 
regard to how digital modelling being an effective tool for 
urban design. As noted this field intersects with that of 

architecture, which has enthusiastically embraced 3D 
modelling within its practice, but it has a distinct profile of 
professionals and differing expectations. Interviews with 
entities that engage in this discipline have exposed a 
wish list of characteristics the so called UDM should be 
able to deliver. As stated, much of these are achievable 
with existing developments, at various levels of 
sophistication and could be further developed to suit the 

particular needs. But the real key is not the capacity of 
the UDM but the ability of the UDM to have a user 
friendly interface with those with a broad range of 
expertise. 
Further action on this issue will come from joint research 
with the key stakeholders to develop a digital modelling 
paradigm that will recognize the particular aspects of 
urban design. Currently negotiations are under way with 

such joint partners in addressing the directions outlined 
in this paper.   
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ABSTRACT: This paper outlines an interdisciplinary approach, utilising architectural knowledge and 
computer imaging, to develop an analytical tool that describes the visual characteristics of a 
streetscape. By segmenting a digital image into regions defined by edges, the streetscape can be 
studied as an arrangement of regions or elements with a particular relationship. Different parts of the 
street (usually defined a by a single dwelling) can then be related to each other to find what 

similarities, if any, exist at a purely visual level. 
The concept of the use of streetscape character as a planning instrument is typically discussed in 
terms of imageability and spatial configuration (Lynch 1960 & Hillier 1996). A method is developed in 
the present paper that outlines the digital image processing techniques used to record dwellings within 
a locality. The method utilises the Hough transform, an algorithm that provides a global measure of the 
geometry within an image. This algorithm is conceptually related to visual partitioning within Gestalt 
psychology as well as to the theory of description retrieval developed by Hillier. The process used to 
define variables within the algorithm and the way in which images of a streetscape have been 

collected are discussed. The method developed in this paper indicates that digital image processing 
can differentiate the visual composition of elements within a streetscape. The method will form the 
basis for future research concerning the visual characteristics of the built environment. 
 
Conference theme: Computers and architecture 
Keywords: streetscape, visual analysis, Hough Transform 
 
 

INTRODUCTION 
 

Planning authorities use words like sympathetic, 
compatible, historically significant, sense of place or 
identity when evaluating streetscape character. However 
such descriptions are necessarily subjective and 
qualitative leading to extensive debate and limited 
objectivity. Yet, planning authorities throughout Australia 
use the character of a streetscape as one means of 
determining the appropriateness of a future development 
for any given site (VicD.I. 2001; DIPNR 2004). In a 

legislative or policy sense the definition of streetscape, 
as described in the Environmental Planning and 
Assessment Act, is the character of a locality defined by 
the “spatial arrangement and visual appearance of built 
and landscape features when viewed from the street” 
(Env. Planning Act 1979). For parties in dispute over the 
affect of proposed building works within a streetscape 
this definition becomes a critical and potentially costly 

factor. Such policies and practices signal the importance 
of determining some measure or dimension that could be 
used for describing or defining the character of a 
streetscape. If such a measure could be established 
from an existing streetscape then future development 
could be independently assessed against that measure 
to determine the relative visual or spatial fit. While it may 
not conclude the merits or otherwise of a particular 

development, it could become part of the decision 
making processes routinely used by local councils and 
planning authorities. Part of the purpose of using 
“objective methods and metric tools” is that they produce 
data that can be analysed and tested subjectively 
(Fisher-Gewirtzman 2003), a necessary part of any 
planning process. However, the task of identifying the 

visual or spatial attributes of a streetscape has proven 

problematic (Alexander 2003). With a reliance on expert 
evaluation, the analysis of a streetscape is essentially an 
individual’s interpretation of what appears to be visually 
significant. Without a consistent approach within and 
between localities, the information derived about the 
character of streets and neighbourhoods lacks an 
objective basis for the discussions of a developments 
appropriateness that will follow (Alexander 2003). This 

paper posits that the application of image processing 
using mathematical algorithms is one possible way of 
describing the visual attributes of streetscape character. 
Image processing relies on segmenting an image into its 
constituent elements, the size of which depend on the 
scale at which the grouping of elements will be useful 
(Gonzalez 1992). The segmentation process generally 
relies on assessing intensity values within the image on 

the basis of discontinuity and similarity (Gonzalez 1992). 
The present paper describes the background research 
undertaken towards an investigation of the visual 
elements within a streetscape and the early stages of the 
development of an analytical method for streetscape 
imageability. The paper accepts that streetscape 
character cannot be easily distilled into a single measure 
but still works towards an improved comparative method 

of analysis that would be useful for design assessment 
within local government development control plans. 
Cultural and social dimensions of streetscape character 
have been observed as an important part of how one 
locality is distinguished from another (Green 2000), but a 
tool that identifies the visual characteristics of a 
streetscape might allow these subjective dimensions to 
be discussed as they relate to the built form. Ultimately 
such a tool would also contribute, as Lynch observed, to 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

135 

the creation of more legible and psychologically 
satisfying urban environments (Lynch 1960). In the 
following three sections the paper outlines:  
• Key theories of visual character and streetscape, 

• Techniques used to analyse urban space and 
streetscapes in particular and  
• The method being developed by the present authors. 
 

1. KEY THEORIES OF VISUAL CHARACTER 
AND STREETSCAPE 
 
1.1. The Visual Characteristics of a Streetscape 
The character of a street, or its genius loci, is a unique 
and distinguishing quality that differentiates one place 
from another (Norberg-Shulz 1963). From the 

perspective of a resident, it can represent a collective 
identity (Smith 1997) and be valued for more than its 
purely functional quality would suggest. Part of this value 
is found in the meanings local communities attribute to 
features or elements within the street. This process is 
further complicated by the community’s tendency to 
attribute value not just to singular elements but to the 
combination of diverse elements which contribute to the 
overall character of a locality (Hull IV 1993). Moreover, 

interpreting the meaning of such elements and their 
significance within the street is inevitably difficult 
because each individual will interpret them in a different 
way. Individual’s from different social and cultural 
backgrounds will necessarily value the visual and 
associated emotional or phenomenological 
characteristics of place differently (Craglia 2004). 
Despite such complications, these streetscape elements 

are valued for a range of reasons including their ability to 
differentiate one place from another, define boundaries 
between spaces or help create a strong image of a 
particular area (Hull IV 1993) (Brown, 1987). This is why 
various scholars have attempted to come to an 
understanding of the way in which the visual character of 
a locality is constructed. In an early study into this topic 
Kevin Lynch hypothesised that even if each individual 

necessarily creates a mental image of a streetscape that 
must be, in some way, different from any other 
individual’s image, there must nevertheless be some 
similarities. The assumption that some collective 
qualities must exist is in part supported by the 
proposition that the majority of people experiencing a 
particular city street or park must have shared some 
experiences in order for them to enter and use the 

space, and live in close proximity to it. Lynch showed 
that such resonances do actually exist and that these 
are, in part, a result of similar interactions between the 
physical reality of the space (street, park or square) and 
our basic human physiology (Lynch 1960).  
The presence of common or shared meanings in the 
image of a streetscape suggests that it is possible to 
create or design environments that will be used and 

experienced by many people in comparable ways (Lynch 
1960). From this research Lynch developed the concept 
of imageability; an ability for the shape, colour and 
arrangement of elements within an urban environment to 
evoke a strong image for an observer. Imageability is 
related to streetscape character in the way in which both 
are concerned with the visual arrangement of elements 
within the environment. Where Lynch shows how a city 
can be expressed diagrammatically as the combination 

of elements that differentiate parts of the urban fabric 
(Lynch 1960), streetscape character analysis attempts to 
do this at a much finer scale (DIPNR 2004). This is 
because streetscape character is specifically shaped by 
the boundaries between the elements that constitute the 

street wall or façade, and how those elements relate to 
each other in patterns that are consistent within a 
specific streetscape (Kropf 1996).  
Various scholars have independently concluded that the 

amount of perceived complexity within a streetscape is 
an important variable that determines whether or not a 
person might find it appealing (Imamoglu 2000) 
(Rapoport 1990) (Berlyne 1974) (Stamps III 2003). 
Environments which are either highly complex or 
monotonous have been shown to be least preferred by 
people, while those environments with a moderate level 
of complexity are the most preferred (Berlyne 1974) 

(Rapoport 1990). While the purpose of our study, which 
includes streetscapes within the Newcastle and Sydney 
regions, does not attempt to determine what level of 
complexity might be more desirable for any locality, an 
important consideration for the described method is to 
understand that the perceived complexity of the 
streetscape may affect its character. Rapoport has 
identified important factors which can influence visual 

complexity within a streetscape, they include; the 
proximity of the private space to the public domain, its 
perceived security, the amount of natural sunlight, the 
time of day, the number of pedestrians and cars, the type 
and amount of street trees. Significantly, some of these 
variables will play a greater role in creating streetscape 
character than others. For example, houses in urban 
areas will be strongly influenced by their proximity to 

pedestrian pathways, vehicles and driveways. In 
contrast, in suburban streets where the houses are 
visually detached and setback from the street edge by 
low lying gardens, such factors will be less important. 
Whatever the visual qualities of the streetscape may be, 
they need to be considered as part of its visual 
complexity and must necessarily be assessed 
(Alexander 2003; DIPNR 2004). Detailed architectural 
research into visual complexity has suggested two 

strategies for assessing complexity. The first involves 
patterns of ambiguity and the second, patterns formed by 
elements within the environment. 
Visual ambiguity, which is associated with complexity of 
meaning, results from the juxtaposition of the physical 
reality of an image and what it appears to be (Venturi 
1966) (Rapoport 1990). The associational qualities that 
may exist within an element and their relation to each 

other, reveal the multiplicity of meanings that can be 
elicited from a streetscape. However, while there 
appears to be less variance in associative meanings 
within traditional societies (Rapoport 1990), the sharing 
and predictability of meanings in modern Australian 
streetscapes is highly idiosyncratic (Boyd 1968) and 
difficult for planning authorities to articulate in a 
meaningful way (Alexander 2003). Despite this 

challenge, Rapoport argues that analysing the patterns 
that elements form within a streetscape—as opposed to 
attempting to understand the meaning that they might 
have for different individuals—can provide a more useful 
and sustained analysis (Rapoport 1990).  
The perceived number of elements within a streetscape, 
and particularly the noticeable differences (Rapoport 
1990) between them, provides a measure of visual 

complexity. Visual complexity relates to the rate at which 
usable information is made available to the viewer, or by 
the rate of change of the noticeable differences 
(Rapoport 1990). Depending on the way that the 
differences are gradually revealed, the experience of 
walking down a street might then feel in turn 
monotonous, surprising or familiar. For instance where 
the streetscape is visually consistent with very minor 
variations within it, the differences become noticeable 
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against a familiar background and contribute to its 
complexity. Where there is little noticeable difference, the 
street lacks complexity and can be considered uniform. 
Recognising where the noticeable difference forms a 

boundary of an element should then be an important part 
of a method for assessing the visual character of a 
streetscape. 
While the visual character of any streetscape will vary 
when compared with another, planning authorities 
require that every new development consider its context 
in terms of its relation to the public space it addresses, 
which in residential areas is commonly the street (VicD.I. 

2001) (DIPNR 2004). Streetscape is defined as either 
the transition space between the private and public 
realms  or the delineating zone between an individual 
and society (Fiske 1987; VicD.I. 2001). By understanding 
that the outside of a dwelling is used differently from the 
inside, the transition space becomes a spatial record of 
there coexistence. The publics’ right to look—and indeed 
to share symbolic possession through active or passive 

surveillance—suggests that the owner of a private space 
has some obligation to provide a public front to their 
personal dwelling. The streetscape is also the home of a 
reciprocal relationship wherein the individual owner of a 
dwelling has some right to view the public and in doing 
so exert their influence over common space. This 
realisation affirms the importance of streetscape in 
debates concerning notions of privacy and separation 

(Fiske 1987). Thus the relationship between public and 
private spaces, expressed visually in the complexity of a 
streetscape, is an important determinant of 
neighbourhood character (Alexander 2003).  
Finally, in most of the research undertaken in the past 
into streetscape character the isolated building plays 
only an in-direct role. Certainly the frequency of 
architectural features (gables, fences, windows) 
influences visual complexity but the building is just one of 

many elements in the street. For instance, the style of a 
house may have influenced the organization of elements 
and spaces in a fundamental way, as a particular 
structuring of the design problem (Hillier 1996). Yet, it is 
the assembly and composition of the elements that are 
of importance in a visual analysis of streetscape, not 
whether the architecture sustains a trained critical 
analysis or whether it is historic or modern, good or bad. 

Every element, no matter how architecturally adept or 
clumsy, makes a contribution to streetscape and it is the 
cumulative effect and interrelationship of the elements 
that gives a streetscape its character (VicD.I. 2001) 
(DIPNR 2004). In the following section various 
techniques for the analysis and measurement of the 
visual quality and complexity of urban spaces are 
discussed.  

 

2. TECHNIQUES USED TO ANALYSE URBAN 
SPACE AND STREETSCAPES  
 
2.1. Analytical Methods and Approaches 
Any attempts to describe the urban environment requires 
“a geometry of order on many scales, a geometry of 
organized complexities” (Batty 1994). Techniques for 
connecting the urban texture at the scale of the 
individual, with the urban character of precincts within 
the city are difficult to find (Ratti 2004). One theory that 
does appear to be able to make such a connection is 

Space Syntax (Hillier 1984). The proponents of Space 
Syntax attempt to model an urban system by 
concentrating on free spaces between buildings (Jiang 
2000). The shape of the free space is generated by the 
existence of a defined boundary (Norberg Shulz, 1965); 

an interdependent planar surface which can extend from 
an individual house through to the streets that form cities 
(Jiang 2000). Using a configurational description of an 
urban structure, such as a streetscape, Space Syntax 

attempts to explain human behaviour as it actually 
occurs in those spaces. Its premise is that the 
configuration and character of urban space has a major 
influence on the perception and subsequent conduct of 
people who use it (Hillier 1996; Fisher-Gewirtzman 
2003).  
In terms of streetscape, Hillier proposes that 
configurations of building facades may be viewed as an 

arrangement of shapes which are orientated “to and 
away from the ground on which they stand” (Hillier 
1996:120). He represents a building’s façade as both a 
“metric tessellation” (which is then investigated to 
provide a measure of connectivity or “integration’) and as 
a diagram of “the dominant elements in the facade, as a 
pattern of convex elements” (Hillier 1996:120). Using an 
example of the façade of a classical temple he shows 

that both diagrams are visually in opposition, creating a 
tension that is possibly alluring. For Hillier this is 

 what the human mind 'reads' when it looks at the form of 
a building is, or at least includes, the pattern of integration 
at more than one level, and the interrelations between the 

levels. (Hillier 1996:122) 

The concepts of information retrieval (Hillier 1984) and 
the gestalt (Guy 2002) also discuss the way that a visual 
scene is understood simultaneously as both a relation 
between elements and as a whole. Thus the processes 

of visual perception may be embedded within spatial 
morphology (Turner 2003); or as Hillier claims, space 
itself may be the machine. This suggests that the viewer 
“may merely need to determine the humanly accessible 
topology as invoked through the process of inhabitation” 
(Turner 2003) to determine the merits of proposals within 
the urban fabric. In this way a measure of the salient 
geometry or patterns within a streetscape might reveal a 

topology that is useful in distinguishing character. 
Instead of increasing the complexity with which the 
streetscape is visually or otherwise recorded, perhaps a 
study that could establish a topology or patterns may 
prove more useful. Turner developed this method 
specifically as a configuration that could be studied in 
plan, where agents that assess the visual dynamics of 
the spatial morphology govern the process of visual 

inhabitation. This paper maintains that it is possible, in 
parallel to such an approach, for an analysis of the 
topology of the streetscape to take place. In such an 
elevational (rather than planar) approach it is the 
arrangement of the streetscape elements that are seen 
as a configuration.  
An analytical method derived from Space Syntax is the 
concept of an isovist; a set of points visible from another 

point in space (Batty 2001). Fundamental to the 
operational use of the isovist is the belief that a person’s 
perception of moving through an urban area is related to 
the shape of the associated open space. However, the 
isovist analytical technique was largely restricted to 
planar arrangements with no consideration of the volume 
of the urban space. One exception to this was developed 
by Fisher-Gewirtzman who considered a three 
dimensional viewpoint and the volume of visible space 

as a measure of spatial openness (Fisher-Gewirtzman 
2003). Unfortunately this method is limited by the 
considerable computational power required to complete 
the calculations and the need for accurate three 
dimensional models of urban areas. Teller, another 
spatial researcher, similarly examined the three 
dimensional openness of streetscapes and town squares 
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by creating a two dimensional image from a wide angle 
view looking vertically towards the sky (Teller 2003). This 
method, despite its lack of true three-dimensionality, was 
nevertheless an important step towards incorporating the 

street elevation within a study. 
A small number of researchers have attempted to 
consider elevational studies in the past. For example, 
Oku and Cooper have separately attempted to determine 
the fractal dimension (a measure of complexity) or 
character of city skylines (Oku 1990) (Cooper 2003). 
Another related technique places regular grids over 
streetscape images, either to recognise the boundaries 

between surfaces (Bovill 1996), or to allocate a value to 
a particular surface type (Krampen 1979). Generating 
this for the whole façade, both methods then provided a 
measure of how boundaries might change throughout 
the image. An alternative method uses the human eye to 
separate a streetscape into formal elements and groups 
of elements. The frequency of the elements can then be 
considered as a measure of visual diversity (Stamps III 

2003) (Malhis 2003). In another study houses within a 
streetscape were analysed using three scales of 
decomposition; overall massing, secondary massing, 
and differentiation of elements such as doorways and 
windows (Elsheshtawy 1997). Malhis and Elsheshtawy 
both similarly attempted to segment the streetscape into 
meaningful elements in order to provide an objective 
measure of the visual character of a street. However 

both rely on time consuming skilled manual techniques in 
the segmentation process; a practical as well as possibly 
a methodological problem. 
In an attempt to overcome such problems Ratti used 
digital elevation models (DEM’s) to show how a simple 
plan of an urban area might be used to store information 
about a range of variables including height or pollution 
(Ratti 2004). The method is computationally lean, using 
algorithms that are “independent of geometric complexity 

and relate linearly to the area under investigation” (Ratti 
2004). While not directly applied to the streetscape it 
nevertheless appears to be a useful way of segmenting 
an image. One limitation of this method is that much of 
the textural information, which is central to the visual 
character, is frequently filtered out of the study (Boldt 
1989). Hildebrand offers an interesting reflection on this 
when he maintains that successful architecture results 

from an abstract drive to impose patterns on surfaces 
that otherwise appear to be random acts of inhabitation 
(Hildebrand 1999). These patterns are then the physical 
attributes of buildings that may make them appealing to 
us (Schira 2003). The use of digital photography that 
captures the physical reality of the streetscape, “as 
viewed from the street” (Env. Planning Act 1979), might 
then be able to capture its texture, a quality that appears 

overlooked in current image processing techniques. 

When the texture of the streetscape is filtered from the 
processing it may remove significant information used to 
evaluate its character, particularly as the texture of a 
surface is one of the “characteristics used to identify 

objects or visual regions of interest” (Schira 2003) within 
the image. 
 

3. A METHOD FOR VISUAL ANALYSIS OF THE 
STREETSCAPE 
 
3.1. Criteria for collecting digital images of the 
streetscape 
The method used for collecting images of the 
streetscape involved evaluating different digital 
photography techniques against a number of criteria. 

When sequences of images using different techniques 
were processed using edge detection algorithms, 
comparisons could be made and preferences identified. 
This process of refinement developed the following 
criteria outlined in Table 1, which is not complete, but 
represents the current stage of our research. 

 

3.2 Digital image processing method 
The method developed to analyse the streetscape 
images incorporated algorithms used within robotic 
research, and in particular those that are able to 
differentiate and segment the visual environment in 
different ways (Boldt 1989). These algorithms have been 

developed to specifically analyse an image of reality 
such that a computer can make decisions about moving 
through a particular environment. They may also prove 
useful for an assessment of the streetscape, as they are 
sensitive to the cues of a perceptual boundary formed 
by; colour, texture, level of intensity and contextual 
information contained within an image (Yang 2004). The 
strength of this boundary may also be low or ambiguous, 
but nonetheless may become a noticeable difference 

that is accurately perceived by people within the street 
(Boldt 1989, Guy 2002). Using the Matlab software 
package, which provides a matrix orientated 
programming language and flexibility in the way that 
pixels within an image might meet a threshold (Ratti 
2004), the image processing incorporated the Hough 
Transform. An algorithm which is able to find boundaries 
in an image where they may not immediately be obvious, 

including those of a low intensity and those that are 
discontinuous but of a sufficient proximity to be 
perceived by humans as a continuous edge. For 
instance the side of a window that is partially obscured 
by a tree will be considered as a straight line. The Hough 
transform begins by calculating the angle and magnitude 
of a possible line through every pixel in the image, as 
shown in Figure 3. 

 

 
Source: Tucker 2004 

Figure 1: Using the criteria outlined in Table 1, digital images of the streetscape are stitched together to form a single 

image which is then sliced into discrete dwellings. This process represents the streetscape as an elevation and 
ensures streetscape elements are processed only once. 
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Table 1: Criteria for taking digital images of the streetscape 
Image Variable Brief Reason 

Elevation view of the 
streetscape 

Most closely relates to existing methods of streetscape analysis (DIPNR 2004). Allows 
refinement of the algorithm with images that have a more regular geometry and allows all 
streets to be photographed in a way that a proposed development might be more easily 

expressed. A more perceptual image of the streetscape may become the view from the 
footpath, a slightly angled view of the street but in the present study this has not been 
evaluated.    

Taken from a standing position 
Perceptually close to walking within a streetscape, and reflects the definition of a streetscape as 
a visual field (Env. Planning Act 1979)  

Viewed from ten metres 
Provides a pedestrian experience of the street while allowing a two storey dwelling to be 
captured without requiring image stitching. 

Attempt to capture a dwelling in 

a single image 

Particularly for attached dwellings, ‘stitching’ the images together causes less distortion. 

Depending on the size of the dwelling this is not always possible, see Fig 1. 

Focal length of 35mm To more closely relate to human vision and not distort the view  

Images taken on a cloudy day To reduce the affect of shadow distorting the boundary between streetscape elements. 

Many images taken at one time For consistency between images of the streetscape, and between different streetscapes.  

1 megapixel image size 
At this resolution the image contains significant detail, such as the mortar between bricks, and 

sufficient for the algorithmic processing. Standardising the pixel resolution allows images to be 
compared with each other more easily 

Source: Tucker 2004 

 
Once these values have been calculated, points are then 
removed if they fall below a particular magnitude of slope 

threshold. This threshold is a variable that can be used 
to distinguish the boundaries of the elements within the 
image, removing points that are essentially inside an 
element. The line that passes through the remaining 
points is calculated as a function of its slope. These lines 
are then specified by an angle a and a distance d from 
an origin (see Fig 3). The values are then successively 
indexed into an accumulator array until all the points 

within the image have been processed. The accumulator 
array then identifies significant boundaries in the image 
as relatively high values. The array in Fig 5 shows these 
boundaries as white points. The brightest grouping of 
points corresponding to the most significant lines within 
the image, and as might be expected with dwelling 
shown in Figure 4 most points in the array are 
associated with either horizontal (a= 0) or vertical (a= -

90) lines. 
 

  
Source: Tucker 2004 

Figure 2: Determining the boundaries within a balcony 
detail within a streetscape. The perpendicular direction 

and magnitude of a possible line passing through a pixel 
is indicated by the arrows. 

 

 
Source: Tucker 2004 

Figure 3: The line passing through a point is determined 
using the angle a and the length d 

 
  Source: Tucker 2004 

Figure 4: The original digital image of an attached 
dwelling taken in using the criteria outlined in Table 1. 

 

 
Source: Tucker 2004 

Figure 5: The accumulator array for the image shown in 
Fig 3. The brighter points indicated with boxes are high 

values or significant boundaries. 
 

Performing an inverse Hough Transform calculates the 
lines represented by these points, and again by 
thresholding the most significant boundaries, only the 
dominate lines can be shown (see Fig 5). Performing the 
inverse of the transformation is used to refine the 

algorithm, introducing thresholds and other limiting 
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factors that more accurately define the boundaries within 
in the original image (see Fig 3). However as the 
diagram shows lines of infinite length, where the 
noticeable difference may only exist within part of the 

image, it may be misleading if understood as a full 
representation of boundaries within the image.  

 

 
Source: Tucker 2004 

Figure 6: Inverse Hough Transform from the 
accumulator array, only the significant boundaries are 

shown as lines of infinite length. 

3.3 Structuring the streetscape algorithm 
The algorithm we are using is progressively becoming 
more responsive to the particular requirements of 
streetscape analysis. Table 2 outlines some of the 

variables within the algorithm and how they have been 
defined to provide data that is assisting this method of 
streetscape analysis. 
At this stage of the study the digital image processing 
techniques being used have shown that the visual 
appearance of the streetscape can be considered as an 
arrangement of boundaries between elements. While 
current streetscape analysis techniques similarly rely on 

the determination of boundaries, the method relies on 
the individual to establish them. Depending on the values 
that each brings to such an analysis the outcome lacks a 
basis for comparing streetscapes and localities with each 
other. In this way the use of digital processing 
techniques may in the future provide a tool that can 
provide a measure of the visual cohesiveness within a 
street, how different streets form an identifiable visual 

character and how the streetscape character might vary 
between different localities. 
 
 
 

 
Table 2: Structuring of the streetscape algorithm 

Algorithm Variable Discussion 

Magnitude of slope threshold 
If ten pixels each register a slope and position that shows them as being in a 
line within a one degree angle then the pixel is considered as forming an edge. 

Both these variables are easily changed 

Position of the origin 

The origin was initially set at the upper left hand corner of the image, meaning 
that the position of all lines was measured from this point (Fig5 is an example of 

this origin position). Initially this worked well, as a smaller number of images 
could be cropped to give a similar relative position of the origin. However with 
many images being processed at once a method was required that didn’t 

require cropping of each image to maintain a consistent origin. The algorithm 
was adjusted to allow a mouse click at any point within the image to set the 
origin. The bottom centre of the private entry is now being used as the origin. 

This provides the configuration within a facade to be measured relative to the 
ground plane (Hillier 1996) and also at a point that identifies the threshold 
between the private and public realms. 

User interface and dialog box 

The computer screen interface provides the user with series of single click 
options that allow a single or a number of images to be; opened, have the origin 

assigned, processed by the algorithm, the data to be expressed in three 
different types of array and an inverse of the algorithm to be laid over the 
original image. 

Batch processing 
A number of images can be selected at once, batch processed and the outputs 
saved to a designated folder with related file names. 

Comparing images with a similar number of 

pixels 

Most images have the same number of pixels, which allows different images to 

be processed in a comparable way. If an image is processed with a different 
number of pixels then the algorithm may be adjusted to compensate for a 
change in pixel number, however this is time consuming and requires 

programming skills. The algorithm is now able to make adjustments to the 
number of pixels within the image, making the accumulator array of different 
sized images comparable. 

Comparison of data between different 
images 

Methods for analysis of data within the accumulator array include: 
1.Subtracting the points within the accumulator arrays associated with different 
images to establish similarities between images.  

2.Considering each array as a pattern based on a rhythm of boundaries, and 
then comparing each array. 
The different methods of analysis are attempting to establish outcomes that are 

similar to the outcomes of traditional streetscape analysis methods (completed 
by eye and hand).  

When the lines generated by the algorithm 
describe an object within the streetscape, 
such as a tree or a window 

If this is to be carried out with reasonable accuracy it will require significant 
development of the algorithm and will necessarily increase the processing time. 
The benefits of doing this however are that the numbers of particular objects, 

their size and position within a streetscape could be accumulated. Such a 
measure would relate strongly to existing methods of streetscape analysis. The 
present study however is concerned with the location of the boundaries between 

elements or the noticeable differences within the streetscape. 
Source: Tucker 2004 
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ABSTRACT: Virtual architecture is a networked spatial environment designed using the metaphor of 
physical architecture (to avoid confusion, architecture as it is conventionally understood and practised, 
is referred to as “physical architecture” in this paper). By using the metaphor of physical architecture, 
virtual architecture inherits many visual and spatial characteristics. However, in order to further explore 
its potential, virtual architecture needs to go beyond its physical metaphor to develop its own theories 
and styles. One important step of this process is to establish a formal foundation for designing virtual 
architecture. This paper discusses styles of virtual architecture, with examples from various designs of 
virtual architecture. The findings contribute to the development of design formalisms for virtual 
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1. INTRODUCTION: VIRTUAL ARCHITECTURE 
 
Designing Internet environments as architecture 
considers forms and functions of these networked 

environments as an alternative kind of architectural 
design. The design and implementation resultant from 
this concept is called virtual architecture. According to 
Maher, Simoff, Gu and Lau (2000), the phenomenon of 
virtual architecture can have two purposes: a simulation 
of physical architecture or a functional virtual place. As a 
simulation of physical architecture, virtual architecture 
mimics its physical counterpart using various digital 

media. As a functional virtual place, virtual architecture 
supports an extended range of online activities. Virtual 
architecture can inherit characteristics of being a place 
from physical architecture, for example, the concept of 
place provides a way to organise our experience of the 
world. Therefore, this world now has at least two layers 
of meaning: the physical world that we are relatively 
familiar with and the virtual world comprised of bits. 
 

1.1. Virtual worlds design platforms 
Designing virtual architecture has accommodated many 
different technologies like MUDs (Multi-User Domain), 
MOOs (MUD Object-Oriented) and various 3D virtual 
world design platforms, supporting multi-user text-based, 
2D graphical and 3D virtual worlds, as illustrated in 
Figures 1 and 2. The multi-user text-based approach 
relies purely on the use of linguistic references to the 

architectural metaphor. The 2D graphical approach is 
more intuitive by applying the architectural metaphor 
from a graphical perspective via the use of digital 
images. Recently, 3D virtual worlds have become the 
most common form of virtual architecture. These worlds 
use 3D models for representing places. A person 
appears as an avatar (an animated character) which 
locates the view of the world and provides a sense of 

awareness of others in the world. Examples of 3D virtual 
worlds are among those designs implemented with 
Active Worlds (http://www.activeworlds.com), Adobe 
Atmosphere (http://www.adobe.com/atmosphere), 
Virtools (http://www.virtools.com) and SecondLife 
(http://secondlife.com). 
 

1.2. Static and dynamic virtual architecture 
From a structural perspective, virtual architecture can be 

seen as a composition of architectural metaphor and 
computing entities. By alternating the focus between 
these two aspects, we design static or dynamic virtual 
architecture. Current examples of virtual architecture are 
largely static. The definition of virtual architecture 
indicates the use of metaphor. Through the use of 
metaphor, concepts in one domain can be expressed in 
terms of another (Lakoff and Johnson 1980). The 
architectural metaphor refers designing virtual 

architecture to designing physical architecture: a 
relatively more familiar area. This connection forms a 
consistent base for adapting design knowledge from 
physical architecture for designing virtual architecture. In 
virtual architecture, one recognisable effect of the 
architecture metaphor is the formation of its spatial 
infrastructure. As a result in most cases, this spatial 
infrastructure is an assembly of architectural or 

architecture-like computer models. Typical 
implementation of virtual architecture such as object-
oriented virtual worlds is based on placement and 
configuration of objects. Each object has an appearance 
of a 3D model in the virtual world, and together they 
define the spatial infrastructure of virtual architecture. 
These objects then can be configured or programmed to 
have certain behaviours that allow the occupants to 

interact with the world and each other. Similar to physical 
architecture, such designs are static in a sense that they 
have a persistent infrastructure, which is pre-defined 
prior to its use. The resultant environment serves certain 
purposes but does not take into consideration the 
possible changes of the purposes during its use, and 
changes do often occur especially when the occupants 
interact and collaborate with each other. The 

modification of the environment can be made by the 
designers but is rarely accessible to its occupants. 
However, virtual architecture does not have to be static. 
It can be highly interactive and dynamically designed as 
needed (Gu and Maher 2003, Maher and Gu 2003). 
Except for the input and output devices, virtual 
architecture is implemented entirely in a computer 
environment. Therefore, virtual architecture is basically 
an assembly of computing entities, which can be flexibly  
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Figure 1: (left) the entry of 7

th
 Circle (telnet://mud.oro.net:4000), a text-based MUD, 

and (right) the reception of Tappedin (http://ti2.sri.com/tappedin), a 2D graphical MOO 
 

 
Figure 2:  Two examples of 3D virtual worlds implemented with (from left to right) Active Worlds and Virtools 

 
programmed and configured. This flexibility makes it 
possible to consider designing virtual architecture in 
terms of dynamics and autonomy. 
The development of the two compositional aspects of 
virtual architecture has not been well balanced. Issues 
that are related to defining spatial infrastructure, such as 
metaphorical design, visualisation and visual 

optimisation, have been always the foci of designing 
virtual architecture. It is not until very recently that we 
witness some progress being made in the development 
of computing entities for interactive and dynamic virtual 
environments. 
 

2. FORMALISING VIRTUAL ARCHITECTURE 
STYLE 
 
In physical architecture, a specific style is exemplified 
when several designs “each create a similar impression”. 
The study of style is mainly about characterising the 

basis for this similarity (Stiny and Mitchell 1978). In the 
same paper, they further specify the following three main 
purposes of this characterisation: 
• To “clarify the underlying commonality of 
structure and appearance manifest for the 
building in the corpus”. 
• To “supply the conventions and criteria 
necessary to determine whether any other 

building not in the original corpus is an instance 
of the style”. 
• To “provide the compositional machinery 
needed to design new buildings that are 
instances of the style”.  
These concepts establish a basis for studying styles of 
virtual architecture. Unlike physical architecture, virtual 
architecture has fewer design cases and less-developed 

design theories, as the history of virtual architecture can 
only trace back to about two decades’ ago. In the 
following sections, we apply our design experience and 
understanding to observe styles of virtual architecture. 

2.1. Styles of static virtual architecture 
Like physical architecture, static virtual architecture has a 
persistent infrastructure that is pre-defined by its 
designers. To understand virtual architecture as a 
functional place that supports professional activities 
provides a common ground for designing virtual 
architecture. This common ground highlights two key 

issues: activities and metaphor. Firstly, virtual 
architecture exists for certain purposes supporting 
various online activities. Secondly, virtual architecture 
applies the metaphor of physical architecture. This 
metaphor provides a consistent context for occupants to 
inhabit the environment and to interact with each other. 
Based on this understanding, designing virtual 
architecture can be divided into the following four 

phases: 
• To layout space for designated activities: the space has 
a volume that corresponds to certain online activities. 
• To configure the space: the space then is configured 
with certain spatial infrastructure, which provides spatial 
boundary and visual cues for supporting the designated 
activities. 
• To define navigation: navigation in virtual architecture 

can be facilitated to consider the use of way finding aids, 
the hyper connectivity among different sub-spaces, and 
so on. 
• To specify interaction: in general this is a process of 
ascribing behaviours to certain visual objects, so that the 
occupants can interact with these objects and each 
other. 
Therefore, styles of static virtual architecture can be 
considered in terms of visualisation (layout and visual 

forms of spatial infrastructure), navigation and 
interaction. They are three inseparable parts for 
providing an integral experience of virtual architecture. 
 
2.1.1. Examples: styles of visualisation 
First of all, the visual styles of virtual architecture vary 
when using different design platforms, especially when 
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the platforms are developed for different digital media 
types. For example, Figure 1 and 2 illustrated in section 
1.1 present four different designs of virtual architecture 
using four different design platforms. 

Even when the designs are implemented using the same 
platform, the visual styles of virtual architecture can still 
differ by applying the architectural metaphor differently. 
For example, the left hand side of Figure 3 shows a 
virtual campus design in Active Worlds that applys an 
architectural metaphor as it is more conventionally 
perceived, where visitors can find familiar elements 
based on their experiences in the physical world. The 

right hand side of Figure 3 is a virtual museum design in 
Active Worlds that introduces some abstract visual 
elements in addition to the conventional architectural 
element. Visitors in this environment need to explore and 

learn about the semantics of the abstract metaphor 
based on their own virtual experiences. 
The visual styles of virtual architecture can also change if 
the architectural metaphor is applied with different styles. 

The left hand side of Figure 4 is the reconstruction of a 
village based on Van Gogh’s paintings. The right hand of 
Figure 4 is a rather modern looking building with the use 
of contrasting colours and transparent materials. 
Finally, different uses of forms and layouts can as well 
result in different visual styles. For example, the left hand 
side of Figure 5 uses a repetition of rectangles, one of 
the primitive geometric shapes as the basic design 

element, while on the right hand side the design has a 
variety of shapes. In Figure 6, the design on the left 
extends vertically, following a spiral-like curve, while the 
one on the right extends horizontally along a floating 
path. 

 

 
Figure 3: Two examples from Active Worlds educational universe,  

(from left to right) Wec3D virtual campus and TCWF virtual museum 
 

 
Figure 4: Two examples from Active Worlds educational universe, 

(from left to right) Van Gogh world and VLearn online learning environment 
 

 
Figure 5: Two Active Worlds examples by students at the University of Sydney, 

(from left to right) a virtual gallery and an information centre 
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Figure 6: Two Active Worlds examples by students at the University of Sydney 

(from left to right) a virtual studio and a virtual gallery 
 
2.1.2. Examples: styles of navigation 
Navigation in virtual architecture relies on the use of way 
finding aids such as an environmental image (Lynch 
1960) or hyper links. Way finding in virtual architecture 
has been studied with direct references to way finding in 
the physical world (Darken and Silbert 1996, Darken and 

Silbert 1993, Vinson 1999). In summary, various way 
finding aids can be borrowed from the physical world, as: 
• Spatial elements: paths, openings, hallways, stairs, 
intersections, landmarks, maps, signs and etc. 
• Social element: assistance from tour guide or other 
occupants. 
Besides the above references from way finding aids in 
the physical world, virtual architecture has its unique 

forms of navigation as virtual places are hyper-linked. 
Most virtual world platforms allow different locations of 
the worlds to be hyper-connected, therefore, occupants 
can move directly between any two locations. For 
example, Active Worlds provides the following two kinds 
of navigation methods to support this utility. 
• Teleport: a hyper link that takes avatars from one 
location to another location without transition. 
• Warp: a hyper link that takes avatars from one location 

to another location with transition. 
Teleport and warp can be classified as semantic 
elements. They have an origin of navigation in hypertext 
system (Dourish 1999).  
Different styles of navigation in virtual architecture are 
illustrated in Figure 7. The design on the left has its 
areas spatially adjacent to each other and these areas 
are relatively close to each other. Therefore, visitors can 

travel from one area to another by following the path, 
signs and openings. The image at the middle is an 
interactive map for a virtual gallery. This map appears at 
several key locations of the gallery. Via the use of this 
map, the visitors are made aware of their current position 
and they can mouse-click on areas that are marked with 

numbers to teleport directly to the actual locations in the 
virtual gallery. The image on the right captures a 
snapshot of a conversational softbot in Active Worlds. A 
softbot is a simple computer program that runs parallel to 
the virtual worlds. In this case, the conversational softbot 
appears as an avatar and is controlled by a computer 

program to chat with people in the virtual world by 
matching keywords from their chat sentences. 
In many design platforms, for example Active Worlds, 
hyper links are integrated with visual cues as part of the 
design. They are called portals. For example, the left 
hand side of Figure 8 shows two sets of sculptures along 
a path. Each of them can be mouse-clicked to teleport to 
a different place. In some designs, the visual cues of 

portals are hidden. For example, the image at the middle 
shows a tunnel in a maze design. There are hidden 
panels placed in the tunnel, when a visitor bumps into 
these panels, it warps the visitor to the end of the tunnel 
and then transfers the visitor to the destination. In other 
platforms, hyper links are not connected to the visual 
representation of the objects in the design. For example, 
in the virtual museum implemented using Virtools shown 
on the right, visitors can choose to visit the four different 

sections of the exhibition by pressing different keys on 
their keyboards.  
 
2.1.3. Examples: style of interaction 
Many current designs of virtual architecture have their 
foci on visualisation. In these environments, occupants 
can interact with simple mouse-click actions or bump into 
some objects to have those pre-defined behaviours 

activated. Such behaviours are opening a web page or 
changing the appearances or other properties of the 
associated object. There is an essential difference 
between interactions activated by mouse-click actions 
and those activated when visitors bump into their 
associated objects: 

 

 
Figure 7: (left) A bird view of CRC world implemented using Active Worlds;  

(middle) An interactive map used in a virtual gallery designed by students at the University of Sydney; 
(right) A snapshot of a conversational softbot in Active Worlds 
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Figure 8: (left) The sculptures are used as portals in VDS world designed by students at the University of Sydney;  

(middle) A tunnel with hidden portals designed by students at the University of Sydney;  
(right) A virtual museum designed using Virtools 

 
• When an occupant intentionally performs a mouse-click 
action, he/she is expecting some consequences. 
Therefore the designers of the environment allow its 
occupant to have certain degrees of control over the 
interactions with the environment. 
• When an occupant accidentally bumps into some 
objects (especially the hidden objects) and activates their 

behaviours, he/she encounters the interactions 
unexpectedly. In this way, the designers are able to 
express their design intentions more assertively. 
Some interactive designs carefully place and combine 
objects with different behaviours in a virtual environment. 
One interaction between the occupants and the 
environment activates other subsequent interactions. 
Therefore it creates an illusion that the environment 
actively interacts with the occupants. For example, 

Figure 9 illustrates three different states of a virtual 
studio, showing how the studio can respond differently to 
the existence of its occupants. 
Recently, like the gaming industry, a more advanced 
approach is to combine AI with the development of 
virtual architecture. For example, Maher and Liew, Gu 
and Ding (2003), and Maher, Smith and Gero (2003) 
apply a rational agent model for designing and 

representing 3D virtual worlds. Each element in the 3D 
virtual world can become an agent. The agent has its 
belief, can sense and interpret the environment, 
hypotheses goals and seek to achieve these goals by 
making suggestions to the occupants or simply act on 
his/her behalf. In this manner, virtual architecture 
becomes proactive. 
 

2.2 Styles of dynamic virtual architecture 
The development of dynamic virtual architecture consists 
of the following two main components (Gu and Maher 
2003, Maher and Gu 2003): 
• A reasoning mechanism that allows design and other 
domain knowledge to be integrated: therefore virtual 
architecture can observe its occupants, interpret their 
needs and hypothesise goals that reflect on the design of 

the environment in order to match the interpreted needs. 
• A design formalism that serves as the generative 
component for dynamic design of virtual architecture: 
therefore designers define a design formalism that 

produces a certain design language of virtual 
architecture, rather than pre-define detail for a specific 
design. The application of this formalism is directed 
based on the interpreted needs from the reasoning 
mechanism. By applying this design formalism, virtual 
architecture is self generated, manipulated and ceased 
as needed. The use of this formalism also largely 

simplifies or even automates the design and 
implementation process of virtual architecture. 
Dynamic virtual architecture shares all the stylistic 
characterisations of static virtual architecture as 
discussed above. However, unlike static virtual 
architecture which requires designers to pre-define 
details of each individual design, dynamic virtual 
architecture is designed and implemented only when it is 
needed, without the legacy of persistent infrastructure. 

Therefore, dynamic virtual architecture also has so called 
generative styles. Generative styles deal with the issues 
of visualisation, especially those related to layouts. 
However, unlike styles of visualisation for static virtual 
architecture, which deal with visualisation of the resultant 
environment, generative styles of dynamic virtual 
architecture focus on the design process to look at how 
visual elements of dynamic virtual architecture may be 

defined, as dynamic virtual architecture is designed and 
implemented only when it’s needed and adapts itself 
during its use. 
Two generative layout styles of dynamic virtual 
architecture are illustrated in Figure 10. The image of the 
left shows an architect’s studio. Rooms are placed on 
different levels and linked via a lift at the centre. The 
studio can be dynamically expanded/reduced by 

adding/subtracting fixed sized rooms along the lift as 
needed. The image on the right shows a large-scaled 
showroom whose interior can be dynamically arranged 
and configured to suit different purposes. Besides these 
two different generative styles, another generative style 
can be that virtual architecture is incrementally or 
decrementally resized to suit different needs, for 
example, to address the changes of crowd or other 

circulation issues. The different styles of layout have 
corresponding different styles for navigation and 
interaction. 

 

 
Figure 9: A virtual studio designed by students at the University of Sydney 
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Figure 10: Two generative styles of dynamic virtual architecture 
(images taken from student designs at the University of Sydney) 

 
We are developing a Generative Design Agent (GDA) 
model for dynamic design of virtual architecture. Adapted 
from the agent model for 3D virtual worlds (Maher and 
Gero 2003), a GDA model is specifically proposed for 
designing dynamic virtual architecture. The five 

computational processes of a GDA model are sensation, 
interpretation, hypothesising, designing and action 
activation. Through this design agent framework, a GDA 
is capable of representing a person in the virtual world to 
sense, interpret, hypothesise, design and act on his/her 
behalf.  With this agent framework, the interactivity of a 
virtual environment can be further enhanced. The design 
and implementation processes of virtual architecture can 

be largely simplified, and in the case of GDA, are 
automated. 
The central part of a GDA’s design process is the 
application of a design grammar. This design grammar is 
developed based on the notion of shape grammars 
(Stiny and Gips 1972). A shape grammar is a set of 
shape rules that apply in a step-by-step manner to 
generate a set, or a language of designs. By altering the 

sequence of shape rule application, different designs can 
be obtained. In this case, the occupants’ needs of the 
moment and the current state of the virtual world are 
sensed and interpreted by the GDA, to be used for 
directing the design grammar application. Therefore, 

designs of virtual architecture are generated differently 
during its use, in order to satisfy the changing needs of 
the occupants. 
The structure of the design grammar consists of four sets 
of design rules: layout rules, spatial infrastructure rules, 
navigation rules and interaction rules, which reflect three 
stylistic aspects of virtual architecture: visualisation, 
navigation and interaction.  

• Layout rules produce layout of areas according to 
different activities that a virtual architecture supports. 
• Spatial infrastructure rules further configure each area 
by defining boundary and deciding objects placements. 
• Navigation rules provide way finding aids to support 
navigation in virtual architecture. 
• Interaction rules ascribe appropriate interactions to 
selected objects in different areas of virtual architecture. 

 

 
Figure 11: The plan of a dynamic virtual gallery that changes overtime 
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We have developed a grammar for the visual style of a 
virtual gallery space. The various styles of layout are 
illustrated in Figure 11. The plan of the dynamic virtual 
gallery changes overtime (from top-left to bottom-right) 

during its use in one particular session, to suit the needs 
of different combinations of visitors. The generative style 
here combines the two styles shown in Figure 10. The 
gallery can be dynamically expanded/reduced by 
adding/subtracting different units of areas. Meanwhile, 
each unit can also be incrementally or decrementally 
resized to suit different purposes. 
 

3. CONCLUSION 
 

The styles of virtual architecture and their examples 
discussed above can serve as guidelines for developing 
design principles for virtual architecture. During the 
development process, these guidelines will need to be 
adapted to suit different design platforms. When 
designing static virtual architecture, designers can 
directly apply the developed principles in individual 
design cases. Compared to other novice designs, virtual 

architecture designed with a specific set of design 
principles in mind will achieve better consistency in terms 
of visualisation, navigation and interaction, and this 
consistency provides a strong base to assist its 
occupants’ in orientation and interaction in the virtual 
environment. 
When designing dynamic virtual architecture, these 
principles are used to develop a design formalism, for 

example, a design grammar. Therefore a design 
language of virtual architecture can be defined, and the 
design formalism can be applied to generate different 
designs from the language for different uses. With the 
development of design formalisms for virtual architecture, 
different styles of virtual architecture can be further 
studied, formally described and reproduced. Designing 
virtual architecture therefore can depart from its novice 

era to be explored from a more formal perspective, for 
better supporting professional activities online.  
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ABSTRACT: An ironic outcome of the debate on sustainability has been its use as a marketing tool and 
a device to promote increased consumption of products. In the built environment, it is used to sell the 
services of architects and designers and the products of those services. 
This paper references research findings from a collaborative project between the Schools of 
Architecture and Design, Marketing, Sustainable Energy Centre, Urban Water Resources Centre and 
the School of Natural and Built Environment at the University of South Australia. 
The research formed the basis of a masterplan and design proposal for a mixed use ‘demonstration 
building’ at Mawson Lakes in Adelaide’s northern suburbs. The building seeks to demonstrate ideas of 

living systems and responsive environments to the local community and beyond. These ideas are 
communicated in a way that responds to the values of key stakeholder groups identified through the 
research. 
Futuristic visions are common in the design of contemporary consumer goods such as the concept 
vehicle, but rarely achieved in the construction of the built environment. Optimistic views of the future 
are often tainted by the arguments of ecological doomsayers and economic rationalists. As a result, 
buildings conceived from a sustainability viewpoint often focus on technical means to achieve an 
environmental outcome but rarely offer readily transferable ideas or reflect the aspirations of 

contemporary communities. 
This paper examines a method of enabling demonstration projects to tap into contemporary values and 
facilitate the transference of more visionary concepts of sustainability into the broader community. It 
considers the role of market research in the design of the built environment and in particular its ability 
to generate creativity in a project. 
 
Conference theme: Architecture and the environment 
Keywords: sustainable design, market research 
 

 

INTRODUCTION 
 
Sustainability has become one of the most predominant 
issues in the Australian business landscape. In industries 
concerned with development and in particular those 
responsible for built form, it has become an even more 
rapidly developing area of focus. The emergence of 
sustainability committees in the Royal Australian Institute 
of Architects and the Property Council, the formation of 

the Australian Green Building Council and the growing 
number of lectures, seminars and workshops dealing 
with sustainability issues are testament to this increased 
interest in the environment.  
In South Australia, the government has launched the 
State’s Strategic Plan in which ‘attaining sustainability’ is 
identified as a key objective:  

Our priority is to make South Australia world-renowned for 

being clean, green and sustainable. This will boost 
community wellbeing, safeguard future generations and 
contribute to our State's prosperity. The focus will be on 

protecting our biodiversity, securing sustainable water 
and energy supplies, and minimising waste. (Government 
of South Australia, 2004:3)   

In this political climate, businesses are trying to make 
sense of the many contemporary definitions of 
sustainability, and how these definitions affect the way 
they do work in response to changing government 
policies and community standards.  At the same time, the 
term sustainability has been used to such an extent that 

it stands on the threshold of joining other broad 
conceptual terms such as quality, creativity and 
collaboration as descriptors with diluted meaning. 
South Australia has been criticised for being world class 

at producing strategic visions but limited in its capacity to 
implement them. It is worth reflecting on this issue in the 
light of Stephen Billett’s observations that “individuals 
construct knowledge interpretively from what they 
experience in the ‘lived’ world” (Billett, 2001:30).  This 
view highlights the importance of achieving the 
transference of ideas about sustainable living and 

working practices to relevant and replicable outcomes to 
the community. 
One of the positive outcomes of the contemporary 
sustainability debate has been the successful 
implementation of sustainable initiatives through joint 
partnerships between government and business. In the 
area of large scale land development, the Mawson Lakes 
Joint Venture Partnership was formed by the State 

Government’s Land Management Corporation and 
developer Delfin Lend Lease to realise a major housing 
and commercial infill development to Adelaide’s north. 
Recognising the need to identify and incorporate 
innovations within the development at Mawson Lakes, 
the joint venture partners formed the Innovations and 
Economic Opportunities Group (IEOG) to identify 
potential opportunities, including those guided by the 

principles of sustainable development. The IEOG 
objectives indicated that an outstanding ESD 
Demonstration Building would support its role as a driver 
of innovative practice and could promote sustainable 
development as affordable and acceptable within the 
mainstream South Australian housing and commercial 
construction markets.  
This initiative was built upon other existing environmental 
strategies in planning and building at Mawson Lakes 
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such as stormwater management, solar street lighting 
and housing energy guidelines. Local investigation by 
IEOG had indicated that ‘energy efficient’ project homes 
were largely indistinguishable in built form from current 

project home products seen in most residential 
subdivisions and consequently attracted limited attention 
from the community. IEOG members considered a more 
contemporary and higher profile building would be 
appropriate to promote the environmental applications of 
ESD to new housing.  Such a building would have the 
added potential of demonstrating a multi-use or 
sequential use capacity. The aim of developing an ESD 

Demonstration Building was to further inform the diverse 
Mawson Lakes community in developing their own living 
and working environments, and to invite interaction 
leading towards adoption of sustainable principles and 
practices by a high proportion of stakeholders and future 
owners and occupiers.  
In order to develop this strategy, the IEOG approached 
the University of South Australia (UniSA) to undertake a 

masterplanning study for the design of the ESD 
Demonstration Building with an exhibition component. 
Through collaboration with UniSA, the joint venture 
partners also recognised that the project would make a 
contribution to the education and research programs of 
the University and other educational and community 
bodies. 
The UniSA project team comprised members from the 

Louis Laybourne Smith School of Architecture & Design, 
the School of Marketing, the School of Natural and Built 
Environments and the Sustainable Energy Centre. A 
collaborative framework was established to coordinate 
research activities and to provide a method of working 
which moved beyond the traditional roles of separate 
disciplines.  
 

VALUE PROPOSITIONS 
 

From the outset of the project, it was recognised that the 
development needed to address the contemporary and 
sustainable aspirations of the project stakeholders 
including the local and wider communities of Mawson 
Lakes and Adelaide.  In order to identify the potential 
target market and its size, composition and needs, 
UniSA undertook a limited market research project, using 
mainly IEOG member sources and post market research 
available from developers and other studies. This market 

research was used to develop a communication strategy 
which then guided a design approach to the building type 
and exhibition design.  It also allowed the project team to 
identify opportunities for the end use of the building after 
the life of the ESD demonstration component.  
Market research, coordinated by Evan Yabsley from the 
School of Marketing, sought to develop a picture of the 
development’s ‘customers’ and in so doing, identify 

prevailing trends forming the local context for sustainable 
design.    The market sectors were identified by the 
project team and two main stakeholder categories were 
established.  Non-commercial stakeholders were 
identified as home buyers, owner renovators, technology 
updators, communities, residential tenants and private 
sector enthusiasts.  Commercial stakeholders were 
identified as architects and designers, developers, 

builders and tradespeople, suppliers, engineers, councils 
and authorities, commercial tenants and public sector 
enthusiasts. 
A series of meetings were held with key stake holder 
groups namely: 
- Australian Greenhouse Office 
- Office of Sustainability 

- Property Council 
- Housing Industry Association 
- Residents of Mawson Lakes 
- Office of the North 

- City of Salisbury  
- City of Playford 
- Mawson Central retailers 
- Sustainability academics 
- Joint Venture Partners 
- Royal Australian Institute of Architects 
- Building SA 
- Master Builder’s Association 

Research was undertaken with these stakeholder groups 
to ascertain the values they held in respect to the issue 
of sustainability. ‘Laddering interviews’ based on the 
Means-End Chain Model (Solomon, 1999) were held with 
the stakeholder groups to initially identify and isolate key 
attributes of sustainable design. Stakeholders were then 
asked to describe why those attributes were important to 
ascertain the level of consequence and psychosocial 

benefit. The importance of these consequences was then 
stated, thereby identifying the values that drive 
stakeholders’ behaviours. The findings from the initial 
interviews were generally supportive of sustainable 
initiatives, as illustrated in Figure 1. 
 

 
Figure 1: Initial interview findings based on the Means-

End Chain Model (Solomon, 1999) 
 
Following the stakeholder engagement process it 
became clear that sustainability was equally relevant 
across all the market sectors identified. A more useful 
and effective way of looking at the target market 

therefore was to address the needs of the innovators and 
early adopters within the community, based on either 
commercial or non commercial market segments. In 
marketing terms, the early adopter group is regarded as 
the publisher of innovator’s ideas as a means of 
improving their reputational capital. They are also 
identified as a key group to disseminate information or 
ideas to the broader public (Hawkins, Best, Coney, 

2004).   
The research identified a number of trends prevalent in 
this group, providing a background to the demonstration 
of sustainable living and working practices:  
the prosumer  

The contemporary ‘customer’ actively seeks out 
information to inform their choices, no longer acting in a 
passive mode. The proactive consumer, or ‘prosumer’ 

makes decisions based on this information (or personal 
emotive connections) and typically is not interested in 
conventional sales pitches (Levine, Locke, Searles, 
Weinberger, 2000). 
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life/work blur 
Modern communication technologies enable many 
people to work remote from their traditional base and 
particularly at home. There are many advantages to 

this mode of working with respect to reduction of 
transportation and built infrastructure cost, but it also 
leads to disadvantages from a corporate culture 
perspective, and personally from the intrusion of work 
and its related stresses into domestic space. 

the great disconnect 
It is recognised that contemporary Australian society 
has become more cynical about political, religious and 

commercial institutions and that this is occurring at the 
same time as an increased insecurity in regards to the 
state of our world. Social commentator Hugh Mackey 
recognised this trend in Australia in the early 1990s:  

As household size shrinks, as family life becomes less 
stable, and as the Age of Redefinition takes its toll on our 

confidence and sense of security, it was inevitable that 
home itself would come to serve as a focal point for the 
urge to escape (Mackay, 1993:214).  

homemaking as the new leisure 
In response to increased uncertainties in respect to 
security, globalisation and resource depletion, a key 
contemporary social phenomenon in Australia is the 
collective fixation with homemaking. Hardware stores 
have become leisure destinations in their own right and 
the plethora of lifestyle magazines and television 

programmes are testament to the currency of this idea. 
lifestyle connoisseurs  

As a result of the ‘homemaking as the new leisure’ 
trend, the reputational capital that in previous 
generations was generated through travel experiences 
is now being generated through an appreciation of 
quality of lifestyle generally and of food and wine 
experiences in particular. 
 

 
Figure 2: Value propositions for commercial and non-

commercial stakeholders 

corporate environmentalism  
Corporate Australia has sensed it can build and 
improve its reputational capital through engaging with 
environmental issues through participation in 

organisations such as the Australian Green Building 
Council and strategies such as triple bottom line 
reporting methods (CPA Australia, 2004). 

The value propositions based on the stakeholder 
engagement which addressed the early adopters in 
these segments can be summarised in Figure 2. 
Both commercial and non-commercial groups also 
identified anecdotal positive and negative attributes 

associated with sustainable living and design as defined 
in Figure 3. 
 

negative attributes positive attributes 

• short term cost 
• geeky and impractical 
• people don’t want it 
• so many rating systems 

• measuring social benefits 
• complexity of defining 

sustainability and the ‘triple 
bottom line’ 

• long term value 
• interesting/philosophically 

sound 
• educative 

• connecting 
• better work/home 

environment 
• can leave smaller footprint 
• lifestyle enhancement 

Figure 3: Anecdotal attributes of sustainable design 
described by project stakeholders 

 

THREE BIG IDEAS 
 

Through a process of consultation within the project team 
three ‘big ideas’ were identified which would act as 
drivers for the design of the building and the 
interpretive/exhibition components. 
1. Green Index 

Triple bottom line accounting models have been 
mandated in many countries such as France and Japan 
(Cheney, 2004), and ‘social responsibility’ has been 
recently instituted into corporate UK, with the same 

index now being implemented in Australia through the 
St James Ethics Centre (St James Ethics Centre, 
2004). However, from the stakeholder consultation it 
became evident that there is still confusion about the 
value created from these activities. Business wants to 
do the right thing but local, state and federal 
governments, building authorities and industry have 
floated a plethora of energy and environmental rating 

systems. This serves to confound rather than support 
the corporate citizenry intentions of the commercial 
world. 
In response to this idea, the project team decided that 
the demonstration project would house and promote a 
‘green index’ where the key ‘green rating’ systems are 
laid side by side and simply compared on their merits in 
economic, environmental and social dimensions in the 

long and short term. 
2. Lifestyle connoisseurship 

The environmentally sustainable aspects of farming, 
such as organic foods and wines have emerged from 
the hippy and geek end of the market and are making 
inroads into the gourmet end of the market as 
demonstrated by the slowfood movement. As Mackay 
observed, homemaking is still increasing in market size 

in response to international security and disconnect 
issues (Mackay, 1993).   
Market research indicated that early adopters in the 
‘know-how’ and ‘know-who’ areas of sustainable living 
will have increasing ‘cool’ and earn kudos from driving 
a new kind of connoisseurship, having lifestyles that 
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enhance the community and shifting the lifestyle idea 
from ‘me’ to ‘us’. 

3. Social Infrastructure 
Computers and the internet provide flexibility in work 

location, with a potential for the blurring of boundaries 
between work and home. Leisure activities can 
increasingly resemble work, with games being played 
on the same screen that supports occupational 
activities. The life/work blur has meant that sources of 
relaxation are often less to do with family and more to 
do with peers, perpetuating the competition and 
pressure for family time. The increasing desire by 

government to increase urban density and city living 
also places the emphasis on proximity to work.  
Developers are attempting to emulate ‘warehouse 
apartment conversions’ in new residential products with 
the aim of placing more emphasis on individual style 
and greater personal space while being able to support 
a ‘soho’ or ‘small office/home office’. This potentially 
exacerbates the problem of work and home life blur, as 

it does not provide the social context normally found in 
the naturally occurring urban version.  
The project team responded to this idea by building into 
the development a social infrastructure, with housing 
and work environments supported by the interactive 
display of sustainable design technologies. It is 
proposed that the retail space not only sells appealing 
sustainable products, but also offers alternatives to 

conventional forms of product consumption through 
community services such as a tool library and 
sustainable resource centre. 

These experience based concepts have the potential to 
build strong associations for sustainability in the 
community and demonstrate a truer ‘mixed use’ for the 
proposed development. 
The ‘three big ideas’ led the design team to develop the 
two key project themes of ‘Building as a Living System’ 

and ‘Building as a Responsive Environment’ as focussed 
design strategies addressing the value propositions 
drafted during the research phase.  The development 
was named 310 Hurtle in response to the selection of a 
site in the commercial centre of Mawson Lakes. 
 

BUILDING AS A LIVING SYSTEM 
 
In marketing terms, the qualities that people experience 
in sustainable living environments were identified as 
connectivity to other nodes of sustainable lifestyle 

thinking, lifestyle leader connoisseurship, mentoring 
education practices and links to communities and 
emerging markets. The people who invest in 310 Hurtle 
should expect to be the prosumers in the conscious hub 
of Mawson Lakes’ activism, where the themes of growth, 
generation and conscious consumerism underpin 
healthy and socially beneficial lifestyles. 
The various components proposed for 310 Hurtle are a 
microcosm of urban life, situated within a suburban 

development that has at its core an attitude to 
sustainable development and new ways of living within a 
community. Key building design aspects of the multi-use 
development as a promoter of innovative living systems 
include:  
• A retail zone to support eco-expertise in marketing and 

exhibiting a range of products and systems for healthy 
living – a lifestyle connoisseurship store where 

sustainable themes underpin the demonstration and 
selling of goods. Indoor and outdoor planning 
encourages a range of activities including promoting an 
informal café and meeting culture to expand the retail 
experience. 

• Commercial and domestic spaces that may be 
interchangeable depending upon business and/or 
lifestyle choice. The office, home-office or home can be 

planned either vertically or horizontally as there are 
choices of single or two level spaces. Activity areas are 
defined by movable storage and flexible furniture 
systems.  

• A public and private circulation system that is also a 
growing activity zone for sustainable practices. The 
technology zone is a reed bed garden surrounding 
visible sustainable technology installations. This garden 

extends into a dry shade garden system at street level 
and moves up to productive gardens on the roof space.  

The building as exhibition component combines an 
information zone and an interactive shopfront, where 
web-based information is supported by local expertise. 
Tours of the project are made possible by the 
interconnecting horizontal walkways through the 
development, where the working systems of 310 Hurtle, 
both social and technological, can be readily seen. 

 
Figure 4: Plans of proposed 310 Hurtle development, Mawson Lakes, Adelaide 
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BUILDING AS A RESPONSIVE ENVIRONMENT 
 
The market research showed that to be part of an 
environmentally responsive system, the project needs to 
be a savvy ambassador for sustainability and an 

engaging and mentoring educator in response to the 
needs of the pro-active consumer.  
The design response to this research is to make visible 
the design and technology elements of 310 Hurtle as the 
agents that sustain socially and environmentally 
responsive living systems. A multi-disciplinary approach 
to embedding sustainable technologies, materials and 
design has been employed in accordance with emerging 
building codes.  310 Hurtle aims to be a ‘zero energy 

project’ by integration of innovative passive design 
features such as induced ventilation and cooling by 
thermal chimneys, and the use of orientation and thermal 
mass to maximise comfort conditions.  The ‘zero energy’ 
concept is further demonstrated by the selection of 
sustainable energy systems such as roof space heating 
and night time evaporative cooling developed by UniSA, 
hot water heating through cogeneration, solar and heat 

pump, and high efficiency air conditioning. Local energy 
generation is proposed resulting in net export to the 
electricity grid via fuel cell and building integrated 
photovoltaic systems.  
310 Hurtle is also a place that expresses sustainable 
healthy living and working practices through water 
recycling and reuse leading to food production and 
climate control, waste management and recycling 

systems and the selection of appropriate and healthy 
materials and finishes for ease of maintenance.  The skin 
of the development, comprising screens which respond 
to weather conditions by opening and closing, together 
with building integrated photovoltaic panels and recycled 
materials, allows the building to become a billboard for 
sustainable design. 
 

These systems are integrated into the design, 
construction and maintenance programs across the 
complex and are made visible throughout to inform 
visitors and occupants of the day to day activities that are 
a feature of sustainable technologies. The tour 
component of the exhibition is framed around the 
technological aspect of the complex, further supported by 
material in the information and retail zones of 310 Hurtle. 
 

 
Figure 5: View of proposed 310 Hurtle development, 

Mawson Lakes, Adelaide 
 
 
 
 

SUMMARY 
 
An ironic outcome of the debate on sustainability has 
been its use as a marketing tool and a device to promote 
increased consumption of products. In the built 

environment, it is used to sell the services of architects 
and designers and the products of those services. 
In considering a project which seeks to demonstrate the 
idea of sustainability, marketing practices may lead 
architects and designers towards a more effective 
manner of communicating their ideas to the public. The 
development of a communications strategy that 
addresses contemporary stakeholder values, developed 
prior to the design process, allows demonstration 

projects such as 310 Hurtle to showcase sustainable 
design practices to the wider community. 
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ABSTRACT: There is a lack of assessment for environmental impacts of building during construction 
process. The paper examines criteria for assessment of the sustainability of the construction process 
of building. Buildings can be assessed at four stages of their lifecycle to evaluate the environmental 
impact of the construction process - pre-construction, during construction, post-construction and after 
demolition. Existing methods and systems to evaluate the environmental impact of building projects 
are focused predominantly on the pre and post-construction stages, rather than the construction 
stage. This is despite the fact that environmental impact is considerable during the construction 
process. For example construction of building is responsible for 2-10% of building impacts, Building 

and transport (that is, during building construction) account for 50 - 65 per cent of total final energy 
consumption (UNEP, Industry and environment, 2003, p. 5).  
This paper investigates methods of assessment of the building during construction process.  It 
proposes a series of criteria, which can be used to assess the sustainability of various building 
practices during the construction stage. (These criteria are to be developed into a formal checklist in a 
later paper - this would enable designers and other interested parties to identify the most appropriate 
sustainable practices for their projects). 
Following a discussion of existing construction practices, three methods for assessment of 

sustainable construction practice are critically reviewed (the Lawson method, the Twin model, and the 
LEED model). Finally there is proposal of criteria that can be considered in assessment of 
environmental impact during the building construction process.  

 
 

INTRODUCTION 
 
It is commonly accepted that present building 
construction practices are not sustainable. This may be 
illustrated by reference to figure 1.  The post-construction 

energy consumption of a building (industrial use etc) 
accounts for around half of total building energy 
consumption. Building and transport (that is, during 
building construction) account for 50 - 65 per cent of total 
final energy consumption (UNEP, Industry and 
environment, 2003, p. 5). Total final energy consumption 
may be taken as an approximate measure of the total 
environmental impact of a building. Given this, it may be 
appreciated that environmental impact is greatest while 

the building is being constructed – and so this is the area 
that needs addressing if environmental impact is to be 
reduced. 
 
 Final Energy Consumption By Sector 

  Building  Transport  Industry, etc 

                     European 

Union (1999) 
                    

                     United States 
(2000) 

                    

                     Japan  

(1999) 
                    

                      0 20 40 60 80 100 
NB Building sector data represent building operations only; 
energy use in manufacture and transport of building materials, 

etc. is excluded 
Source: European Commission, US Department of Energy, 

Japanese Resource and Energy Agency, in Environmentally 

Sustainable Buildings: Challenges and Policies, OECD, 2003 

Figure 1: Energy Consumption 
 
The United Nations Environment Program (UNEP, 2003) 
has announced that, if existing practices do not change, 

expansion of the built environment will destroy or disturb 
natural habitats and wildlife on over 70 per cent of the 
land surface of the Earth by 2030. This process is driven 
mainly by increases in population, economic activity and 

urbanization. Construction uses around half of all 
resources humans take from nature. Production and 
transport of building materials consumes 25 - 50 per cent 
of all energy used (depending on the country 
considered). And estimates of the contribution of industry 
to global anthropogenic carbon dioxide emission range 
from 5 - 7 per cent. 
Hendriks (2002) argues that “existing construction 

practice has various negative effects on health, both 
human and plants and animals in the ecosystem”. He 
believes that optimising technical on-site performance 
will minimize negative impacts.   
Yencken and Wilkinson (2000) argue that “there is little 
likelihood that current environmental policies and 
programs will on their own prevent continuing 
environmental degradation.” They give two reasons for 

this. Firstly, existing policies do not deal comprehensively 
with the identified environmental problems in 
construction practices. Secondly, there is a lack of 
appropriate tools and methods to evaluate the 
environmental impact of construction processes. This 
makes it difficult to identify and deal with problems in this 
area successfully.  
Industry groups are taking this problem in hand 

(2004).Fore example; Green Globe is a unique global 
environmental benchmarking and certification program 
for the Travel and Tourism industry. A study by this 
group provides evidence that existing construction 
practices are not sustainable (Green Globe Design & 
Construct handbook, 2004, p. 26). 
There is general agreement that even though 
sustainability has been found to be possible at different 
stages of construction, implementing sustainability has 
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received little attention, especially in relation to 
construction processes. Buildings have considerable 
impact on the environment during their lifecycles. This 
may be at the pre-construction stage (material 

production); during the construction process; or in the 
post-construction stage (use, repair, maintenance, 
refurbishment, and finally demolition).  
The environmental impacts of construction processes are 
considerable, and can have variable impact on the 
environment. Three methods for assessment of 
environmental impact in the construction industry, and 
the degree to which they take environmental impact of 

construction processes into account, are reviewed in the 
next section. 
 

1. CRITERIA ASSESSMENT OF 
ENVIRONMENTAL IMPACT OF 
CONSTRUCTION PRACTICE 
 
The question to be considered in this section is to what 
extent existing assessment methodologies evaluate the 
environmental impact of construction practices. There 
are several methods available, each evaluating a 
particular stage of the building lifecycle or a special type 
of building. Three assessment methods are considered 

in this paper - the ‘Lawson’ method, (from Australia), the 
‘Twins’ model and the ‘LEED’ model. These are chosen 
as representative examples of assessment practice 
particularly pertinent to the question above (these 
methods are considered to review because they examine 
construction process).  
Other well-known methods not reviewed here include the 
NIBE Environmental Classification of Construction 

Materials (Haas, 1993); the Handbook for Sustainable 
Renovation and Sustainable Residential Building (1995); 
the Four-variant method, BOOM (Stofberg et al, 1994); 
National Measures for Sustainable House Building (New 
Housing, Ministry of VROM, 1996);  BREEAM 1998 
(Baldwin, Yates, Howard & Rao, 1998). 
 
1.1. Lawson method 
This method is comprehensive, and designed for the 

Australian context. Lawson’s methodology is also easily 
understood, and materials, buildings and systems are all 
included in the environmental impact evaluation. The 
Lawson method is performed in two stages - materials 
assessment of the industry process of individual material 
and whole building assessment, combinations of 
materials that are used in a building. 
 

 
Figure 2: General model of the life cycle of materials 

(from Lawson 1999, p. 63). (Broken arrows signify less 

strength in relationships) 
 
 

1.1.1 WHOLE BUILDING ASSESSMENT 
The second phase of the Lawson method provides an 
environmental performance summary of the whole 
building based on seven criteria - one relates to the site 

of the building; five relate to the choice, use, 
maintenance and disposability of materials and final 
criteria provides an estimate of the operational energy 
performance. (Lawson calls these criteria site sensitivity; 
use of low ecological impact materials; use of renewable 
material;, use of embodied energy materials; operational 
energy performance; freedom from maintenance; 
potential for deconstruction). Like phase 1, rating is 

against a five-point scale from excellent to poor. These 
criteria were developed after review of a number of 
experienced building designers and company’s projects 
with known low energy usage (Lawson, 1999, p. 22).  
Aims The Lawson method aims to increase the 
awareness and understanding of architects and others in 
respect to the environmental implications of their work. It 
is also intended to provide practical and useful 

information to assist in the development and 
implementation of a methodology for ecological 
sustainability in relation to building design and 
construction. 
Scope The Lawson method is used to study 
manufacturing processes and their environmental 
impact, and then to provide embodied energy ratings of 
typical Australian building materials and assemblies. 

These can be useful to architects and others. Lawson 
also presents a method for assessing the relative 
embodied energy of construction materials as they are 
used in contemporary Australian building. Environmental 
performance summaries, which focus on energy issues 
as well as other environmental aspects of buildings, are 
also provided.  
Life Cycle Assessment of building (LCA) 
From the above, it can be seen that the Lawson method 

can be used to assess the environmental impact of a 
building during several stages of its life cycle (see figure 
3). It takes into account the manufacturing process and 
the embodied energy of construction materials (materials 
assessment - LCA stage 1); and the embodied energy of 
construction as a whole (whole building assessment - 
LCA stage 3). However, the evaluation of the 
environmental impact of a building during the 

construction process (LCA stage 2) receives little 
attention in the Lawson method. 
The Lawson method for evaluation of the environmental 
impact of buildings forms part of the RAIA (Royal 
Australian Institute of Architecture) environmental policy. 
It was first described by Lawson (1996) in his book 
‘Building Materials Energy and The Environment’ which 
examines the environmental impacts of most common 

built materials. Lawson has created a life cycle model for 
materials to help with the assessment.  
 
1.2. TWIN MODEL  
This method was first described by Haas, 1997). 
The Twin model is a method for analysing the life cycle 
of building products. The main criteria considered are 
‘eco-toxicity’ and ‘human toxicity’ during the life cycle of 

the building, with particular focus on related health issues 
in these areas. Those likely to use the Twin model are 
designers and property developers.  
The Twin model also adds to the LCA evaluation by 
using a number of weighting factors to compare the 
environmental effects of various building components. 
The final result is given as a score for a particular 
building construction material or product. 
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Figure 3: Life cycle model (adapted from Lawson 1999, p.63) 

 
The main criteria above are subdivided into various 
categories, with numerical scores given for each. 
Analysis of the various scores easily identifies which 
materials or products are the most environmentally 
friendly. This quantitative data is supplemented with 

qualitative data in the form of two matrices, one focusing 
on environmental assessment and the other on health 
assessment. It should be noted that the Twin model 
applies to building products, not the construction process 
(Hendrinks, 2001, p. 55).    
Aims The Twin model is a method for analyzing the life 
cycle of building products. 
Scope The Twin model focus is on eco-toxicity and 

human toxicity, both of which are set against life-cycle 
criteria. Data can be used to assess the potential impact 
of building materials on human health and the 
environment. Financial costs for implementing 
environmental and health safety measures can also be 
estimated. The main target users for Twin model are 
designers and property developers.  
LCA The Twin model assesses buildings in the design 
stage (LCA stage 1) and the post-construction stage 

(LCA stage 3) of the building life cycle (see figure 3), with 
particular focus on health aspects and deterioration of 
materials. 
 
1.3. LEED (leadership in energy & environmental 
design) 
This assessment method – the Green Building Rating 
System - was developed by the Green Building Council 

in the United States (LEED 2002).  
Aims The LEED Green Building Rating System 
represents the attempt of the Green Building Council to 
provide a national assessment standard for a 
construction to qualify as an environmentally-friendly 

‘green building’. The rating system is based on 
established and innovative practices, standards and 
technologies. Through its use as a design guide and 
third-party certification tool, it aims to improve occupant 
well being, environmental performance, and economic 

returns. 
Scope This method covers three areas - building 
monitoring and evaluation; building energy analysis; and 
building inspections and energy audits. (LEED, 2002, p. 
i) 
LCA The LEED green building method rates buildings in 
the design (LCA stage 1) and post-construction stage 
(LCA stage 3) of the building life cycle. It is for use in 

assessment of new commercial constructions, major 
renovations, and high rise residential buildings.   
The sections of the LEED document that deal with 
construction are titled ‘Material and Resources’ (p. 24) 
and ‘Indoor Environmental Quality’ (p. 52). Some sub-
sections also investigate issues related to the 
construction processes (for example, see ‘water use 
reduction in construction processes’, p.19). However, the 
document does not study the main issues of construction 

processes (LEED, 2002, p. IV). 
 
1.4. Strengths & weaknesses of assessment 
methods 
The three methods reviewed above focus on assessment 
of the environmental impact of the construction process 
at various aspects of the building life cycle. As can be 
seen in figure 3, these methods variously cover the pre 

and post construction stages of the building life cycle 
(LCA stages 1 and 3). However, the environmental 
impact during the construction process itself (LCA stage-
2) receives relatively little attention in these methods.  
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In the remaining section of this paper, items that need to 
be considered in evaluation of the environmental impact 
during the construction process (LCA stage-2) are 
proposed. This could be a useful tool for building 

designers and others to use for determining sustainable 
construction practices. 
 

2. CONSTRUCTION PROCESS ASSESSMENT 
 
2.1. Stages and categories of assessment    
Buildings can be evaluated at four stages of their 
lifecycle (see figure 3 for LCA stages) – pre-construction 
(raw material, design processes); during the construction 
process; post-construction (use, repair, maintenance and 

refurbishment); and post-demolition. Table-1 shows 
these stages, the various categories of assessment 
applicable in each stage, and the methods available to 
evaluate the environmental impact of construction 
practices in each stage. 
 

Table 1: Building Life Cycle stages and Assessment 
methods 

L i fe Cyc le Stages  o f  

Bu i ld ing  
Assessment 

Categor ies  
Assessment 

Methods  

Strategies and design 

assessment 
Twin, LEED 

Pre-construction (Stage 

One) Material and product 

assessment 
Lawson, LEED 

 Duri ng 
cons t ruct ion  
(Stage Two)  

Const ruct ion 
process  assessment  

No mode l (St ud i ed 
in t his  paper)  

Whole building 

assessment 
Lawson, Twin, LEED 

Post-construction (Stage 

Three) Post occupancy 

assessment 
Twin, LEED 

Post-demolition (Stage 

Four) 
After demolition 

assessment 
LEED 

 
The building life cycle has four stages and each stage 
has a boundary. The boundary of LCA stage-2 
(Construction Process Assessment) starts with reception 
of raw materials at the site and ends with the constructed 

building being available for use. Construction process 
assessment must include all workshop activities 
(prefabrication) or onsite construction activity to provide 
construction elements; procurement and transport of raw 
materials or elements to the site; all other onsite activities 
during the construction process; and movement of all 
people working on the site and using local facilities, 
services or available infrastructure. (Hyde, 2000, p.47). 

Table-2 shows lists the main areas that need 
consideration when evaluating the environmental impact 
of building construction practices. As indicated in the 
table, the Lawson method does consider some of these 
areas in assessment of environmental impact in stages 1 
and 3 of the building life cycle, but does not apply them 
in stage 2. The following section of this paper discusses 
and group items that should be considered in 

development of a building environmental checklist during 
construction process. 
 
2.2. Construction process assessment  
Construction process assessment is the second stage of 
the building life cycle assessment (figure 3). It has not 
been an area of particular interest in recent studies of 
sustainability or assessment of construction practices, 

despite the fact that the environmental impact of 
construction processes can be considerable.  
Some aspects of building performance may vary during 
the construction process, and this makes it difficult to 

factor these into the design stage. Post-construction 
assessment of environmental impact can also be 
problematic. For example, the written policy on 
sustainability and environmental impact may not have 

been fully or properly implemented – this would depend, 
at least in part, on the experience and interest of the 
person(s) responsible for this area of the construction 
process. Indeed, exactly who should bear the 
responsibility for implementing sustainability and 
environmental impact policy may at times be unclear. 
Such areas need ongoing evaluation during the 
construction process itself. 

 
Table 2: Indicators considered to study and studied by 

Lawson in stages of building life cycle 
Stage 1  Stage 2  Stage 3  

Material 

assessment 
Process 

assessment 
Whole building 

assessment 

Indicators considered to evaluate 

environmental impacts of building 

during construction process in 

this study Lawson Lawson Lawson 

Policy (effective control) -   

Site sensitivity -  + 

Use of low ecological impact 

materials 
+  + 

Recyclability, potential for reuse  +  + 

Embodied energy efficient +  + 

System life span +  + 

Operational energy performance -  + 

Resource of labour, human 

forces, facilities and materials 
   

Water consumption and water 

waste 
   

Raw material availability  +  + 
Material waste in work and 

rework 
   

Freedom from maintenance  +  + 
Effect on health, site security, 

safety and noise control 
   

 
Problematic areas in construction process assessment 
can be the source and suppliers of materials; or the 
distance that site personnel will need to travel to reach or 
move around on the site. There is also the question of 
how such issues can be measured. 
Table 3 summarises the main areas to be considered in 

developing a checklist to assess the environmental 
impact of the construction process. These areas are 
proposed after reference to a number of sources 
(Degeer, 2003, p.13; Edwards, 1999, p. xv; European 
Commission, 1999, p. 1; Green Globe, 2002, p.16; 
Hendrinks, 2001, p.130; Lawson, 1999, p.21; LEED, 
2002, p.10). 

 
Table 3: Areas of interest in evaluation of the 

construction processes 

! Policy (effective control) 

! Site sensitivity 

! Use of low ecological impact materials in process  

! Use of recyclable, reusable onsite facilities 

! Operational energy performance 

! Equipment and type of machinery needed to perform  

! Resource types (labour, human resources, facilities and materials) 

! Water consumption and water waste; wet trades,  

! Material waste in work and rework, daily inventory 

! Effect on health, site security, safety and noise control  

 
The checklist to be developed in a later paper aims to 
assess the environmental impact of building construction 
processes. It will include all aspects of the building 
process (preliminary, excavation, external works and 
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landscaping); and also all measurable items that arise or 
occur during the construction process (e.g. percentage of 
wet trade; duration of trades; number of personnel; 
percentage of prefabrication; use of local facilities; 

effective control of environmental policies). The proposed 
checklist is partly based on Lawson’s indicators and 
definitions, but using numerical scales (1, 2, 3, 4 and 5).  
A trial of this checklist will be conducted by assessing the 
construction process of the ‘Research Station on Heron 
Island’, Australia, ‘Lark Quarry’ Trackways Building and 
Shelter on Lark Quarry conservation Park, Australia. 
(Data for this assessment is available, and will allow 

retrospective analysis of the environmental impact of the 
station construction process.) The checklist and the 
results of this trial will be presented in a later paper in 
this series. 
 

SUMMARY & CONCLUSION 
 
This paper reviews the building lifecycle and existing 
methodologies for assessing sustainable construction 
practices. From this review, it appears that the evaluation 

of the environmental impact of construction processes 
(stage 2) is a neglected area of study. Several criteria 
are therefore proposed that need consideration in 
evaluation of the environmental impacts of building 
during construction process.  
A later paper will develop and trial a building construction 
process checklist. This tool would be of value to 
designers and others interested in evaluation of the 

environmental impact of building during construction 
process, and with a wish to identify the optimum 
sustainable construction system for their project with 
regard ‘ecological value’ and ‘location’. Ultimately this 
tool might be useful to establish benchmarks for 
sustainable construction practices during construction 
process. 
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ABSTRACT: The use of materials in architecture has social, cultural, moral, and environmental 
implications. These implications, however, have largely been ignored. The issue of where materials 
come from or where they ultimately end up has had little impact on the practice of architecture as a 
whole. This paper is concerned with this issue. The main objective of the research presented in this 
paper is to examine the use of recycled materials in architecture practice by considering the reasons 
and benefits of using recycled materials, the problems with their use, the aesthetics of recycled 
materials, and the future potentially of their use. The research was conducted through literature review 
and interviews with a number of architects.  

The paper concludes that one of the most problematic barriers is a lack of knowledge and 
understanding of the use of recycled and reused materials by architects. If architects had a greater 
understanding and knowledge of the issues involved they would be in a position to inform their clients. 
To overcome this problem there needs to be education and support of architects and an 
acknowledgement by the profession of the imperative of sustainable approaches to architecture and of 
the impact design choices have on the environment. 
 
Conference theme:  Architecture and the environment 

Keywords: recycled materials, architecture practice 
 
 

1. INTRODUCTION 
 
Building materials are all around us. They create our 
homes, our workspace, our shops, roads and cities. They 
create our built environment. The use of materials in 
architecture has greater implications than just those to do 
with aesthetics and design. They have social, cultural, 

moral and environmental implications. These implications 
have largely been ignored with the focus being on 
building performance, pure aesthetics and the short-term 
economics of materials. Architecture and materials have 
only been considered within the terms of user 
experience, with little or no consideration to implications 
beyond the actual existence of the architecture itself. 
This has meant that the issue of where materials come 
from or where they ultimately end up has had little or no 

impact on the practice of architecture as a whole. This 
research paper is concerned with these issues and 
seeks to examine the place and use of recycled and 
reused materials in architecture. 
The objectives of the research presented in this paper 
are:  
1. to examine the use of recycled materials in building, 

including the role of recycled materials in architecture 

practice, and 
2. to examine the issues affecting the use of recycled 

materials in architecture practice, including the reasons 
for using recycled materials, architects’ and clients’ 
commitments, constraints in the use of recycled 
materials, and the aesthetics of recycled materials. 

It is expected that this paper will contribute to the 
understanding of the use of recycled building materials, 

their place in architecture, how they are currently used by 
some architects in architectural practice, and the 
potential for their use in the future.  
 
1.1. Methodology 
The methodology for research in this paper 
encompasses two approaches. The first was a literary 

review and the second a series of interviews of practising 
architects. 
1. Literary Review – The literary review was undertaken 

to understand the scope and potentiality of recycled 
materials in architecture as well as the current 
availability of different recycled and reused materials 

and their place in architecture. 
2. Recorded interviews with architects - Four architects in 

Adelaide, South Australia, who have engaged in the 
use of recycled or reused materials, were selected and 
interviewed to provide understanding and knowledge of 
the use of recycled materials within architectural 
practice. It was not, however, the intention of the 
research to generalise results of the interviews to 

represent the voice of all practising architects. Rather, 
the information provided by these architects were 
acknowledged as very important to learn the issues, as 
this information was based on the architects’ own 
experience. 

 
1.2. Scope 
The term recycled materials in this paper is meant to 

encompass all of the following; reused building materials 
and elements, building materials consisting of materials 
that are conventionally considered (and treated as) 
waste, and materials that are recycled. Whilst it is 
acknowledged that all of these products may not be 
equal in terms of their sustainable merits, it is not the 
goal of this paper to discuss the relative merits of various 
recycled or sustainable building materials. Instead, this 

paper wishes to discuss the use of recycled materials as 
a serious consideration within the larger issue of 
sustainable architecture in particular and sustainability in 
general. 
The scope of the paper encompasses and is limited by 
the information gained from the interviews with 
architects, and from journal, book and web information 
on recycled materials. It will not cover all the information 
available on recycled materials and is not expected to be 
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a comprehensive guide to specifying recycled materials.  
 

2. THE USE OF RECYCLED MATERIALS IN 
BUILDINGS 
 
This section discusses the first objective of the research 
–  to examine the use of recycled materials in buildings. 

 
2.1. Recycled materials   
To consider the role of recycled materials in architecture 
it may be useful to consider the life of a building in three 
phases: an initial phase, a middle phase and an end 
phase. The initial phase occurs prior to the building’s 
existence and concerns how the materials that will 
constitute the building are sourced and manufactured. 

The middle phase encompasses the building’s lifetime, 
and the end or final phase begins at the time of the 
building’s deconstruction or demolition and involves the 
journey of the constituent parts of the building to their 
end destination.  
In the initial phase we are concerned with the energy and 
raw material consumption in sourcing, creating and 
delivering building materials to the point where they will 
be used to construct a building. This phase involves the 

energy used and the waste products produced during 
construction of the building. Considerable amounts of 
energy are used in sourcing, manufacturing and 
transporting building materials as well as in the 
construction of buildings. Studies conducted in Australia 
and overseas revealed 

“the embodied energy within a building, that is the energy 

needed to extract and process raw materials into finished 
building components, as well as the energy used in the 
construction of the building, in the case of large 

commercial buildings, can be greater than the operational 
energy requirement.” (Lawson, 1996:11)  

For conventional residential buildings the embodied 
energy can equal as much as 15 years of the operational 

energy requirement (Reardon 2001).  
The most common and widely used form of energy, 
created through coal burning, produces CO2 emissions 
that are credited with climatic changes such as the 
depletion of the ozone layer and the greenhouse effect 
occurring in the earth’s atmosphere. The emissions are 
considerable;  

“building’s in the western world - their construction and 

use - are responsible for 50% of the deleterious 
emissions which are causing the planet to overheat.” 
(Jones 1998:8).  

Alternative energy sources such as hydraulic and nuclear 
energy have their own negative environmental effects 
and are not necessarily solutions to energy-use problem.  
As well as energy usage, the building and construction 
industry also consumes a significant amount of the 
world’s raw materials. It is reported that the “building and 
construction activities worldwide consume 3 billion 

tonnes of raw material each year or 40% of total global 
use.” (Roodman and Lenssen 1995:1) In many cases 
these materials may be non-renewable and their 
extraction, whilst using a great deal of energy, may also 
have detrimental environmental side effects such as 
pollution and the destruction of ecosystems. There are 
other negative environmental effects caused by the 
sourcing and manufacture of materials, such as those 

created through mining and forest timber harvesting, as 
well as the issue of the creation of waste during the 
manufacture of materials. This waste, in some cases, is 
very toxic, as it is in the case of the manufacture of 
aluminium.  
The middle phase of the building regards the 
performance of the building during its existence. This 

mainly concerns the energy needed to operate a building 
(including maintenance and repair), and issues such as 
water consumption and waste production. The end 
phase involves the end of the building’s life, and in this 

phase the majority of the materials are demolished and 
“are disposed of in a landfill, where they are effectively 
unrecoverable and may have a variety of adverse 
environmental impacts.” (Lawson 1996:17) The 
environmental effects include the leaching of toxic 
substances such as metals into the ground and then 
possibly into the water table. Once in the landfill it would 
almost be impossible to salvage any of the materials to 

use them at a later date. Construction waste makes up a 
significant amount of all landfill waste. Estimates in 
Australia place the amount at up to 40 percent (Reardon 
2001). Landfills effectively contaminate the land where 
they are sited for future generations. 
The issue of the use of recycled materials and its 
relevance to architecture and sustainability relates 
directly to the initial and final phase of a building. The 

use of recycled materials in buildings positively affects 
both landfill waste created at the end of a building life 
and the waste produced in the initial creation of buildings 
as well as decreasing the use of raw materials and 
energy. 
 
2.2. Examples of products that can be reused or 
recycled 

According to the “Your Home Design for Lifestyle and the 
Future Technical Manual” (Reardon 2001), most 
materials can be recycled. It is possible to recycle 100 
percent of steel and aluminium. Recycling reduces the 
embodied energy of steel by 72% and aluminium by 95% 
(Section 3.2:2). Steel and aluminium materials and 
elements can also be reused. This manual also states 
that plasterboard releases poisonous hydrogen sulphide 
when disposed in landfills, although it is able to be 

recycled and is currently being recycled by a major 
building material manufacturer. 
Timber is one of the most popular reused materials but it 
can also be re-processed into horticultural mulch or 
recycled into particleboard. According to an article on 
salvaged timber entitled “New Life for Old Wood” (Kroloff 
1996), architect Peter Bohlin notes that “prior to the 
advent of the salvaging movement” beautiful old timbers 

from old buildings, piers, warehouses and the like were 
“either thrown away or wasted as shoring on highway 
construction.” (Kroloff 1996:165) Old timbers are 
becoming more popular and this is reflected in their 
price. Salvaged timber can be expensive and cost twice 
as much or more than the newly harvested timber. Whilst 
this is true and the current cost of some reused timbers 
may be prohibitive to some, most would lament the past 

practice of throwing away these beautiful old timbers. In 
addition to this, Gordon Plume, president of GR Plume, a 
specialist salvage timber company in Seattle, USA, 
believes that it is “difficult to compare ....the stability, 
strength and quality finishes ….of solid recycled timber” 
with the “laminated or composite materials more typically 
found on the market.” (Kroloff 1996:165) 
According to Downton (2003), a company in the US is 

currently producing a particleboard alternative using 
Kentucky bluegrass. Particleboard is made from wood 
chips and formaldehyde, which has negative effects both 
on human health and the environment. Another 
alternative to particleboard in a material produced in 
Victoria, Australia, called Ecopanel, which was made 
from straw, an agricultural waste product. Due to its 
price, however, this product could not compete with the 
cheap particleboard that was being imported from 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

163 

overseas and the company subsequently went out of 
business. 
Windows can be reused and when this is not possible 
glass window is able to be recycled. Recycled glass has 

a 20% reduction in embodied energy compared with 
virgin glass. Glass can also be used instead of virgin 
materials as aggregate for concrete, along with other 
products such as crushed bricks, tiles, and concrete 
(Reardon 2001). Industrial waste can be reused as a 
component of concrete, a partial substitute for cement. 
This industrial waste includes flyash – a by-product from 
coal-fired power stations, slag – a by-product from steel 

mill blast furnaces, and silica fume – a by-product from 
silicon metal production. This alternative concrete has 
been used in the Sydney Harbour Tunnel, Sydney 
Parallel Runway, the Melbourne Crown Casino, and the 
Sydney Olympics white water canoe course at Penrith 
(CSIRO 2003). About one million tones of flyash are 
currently used in cement replacement; this is of the 
approximately ten million tonnes that are generated in 

Australia each year (Kingsley 2003). An Australian 
company has also produced an alternative concrete 
block that is almost completely made out of flyash. 
Consequently it “uses one- sixth of the 15kg of virgin 
material of a conventional block.” (Kingsley 2003:2) This 
has the added advantage of being able to be crushed 
and remoulded into new blocks at the end of its life, 
which cannot be done with conventional concrete blocks.  

These are only some of the examples of alternative 
recycled and reuse building materials that can and have 
been (and have yet to be) used in buildings and other 
constructions.  
 
2.3. Deconstruction – critical to the reuse and 
recycling of buildings 
An important issue in the use of recycled materials is the 
way in which we dispose of buildings. For materials to be 

reused or recycled, first they have to be recovered from 
an existing building. Currently, most buildings are 
demolished with the materials ending up as 
unrecoverable waste in landfill. Neil Seidmann, director 
of the Waste Utilisation for the Institute of Self- Reliance 
asserted that “deconstruction” (read: demolition) is an 
area of vast social, economic and environmental 
potential benefit.” (Nadel 1999:22) He states that 

material reuse is 200 times more efficient than recycling, 
and as an example, a deconstruction project that 
Seidmann worked on recovered 40% of building 
materials (bricks, wood windows) and recycled an 
additional 10%. 
It appears that there could be definite economic 
advantages to the deconstruction of buildings compared 
with the conventional model of demolition. Ruth et al. 

(1994) showed that a cost saving of 18% could be 
achieved in dismantling and reusing or recycling 
materials compared with more conventional demolition 
and disposal, even though the former would take more 
time. (Lawson 1996:20). Whilst, as Seidmann points out, 
the use of reused materials is more environmentally 
efficient than recycling materials, reused materials are 
highly unlikely to be employed in large commercial 

buildings. Such is the nature of commercial buildings that 
they require large amounts of repetitive standard 
materials and elements. This is where alternative 
materials from post-construction, post-industrial or post-
consumer waste become imperative. There are many 
examples of materials that are manufactured using waste 
and that are direct alternatives to widely used 
construction materials. Large manufacturers of building 
materials need to be encouraged to develop green 

alternative materials.  
 
2.4. Examples of buildings that use reused and 
recycled materials 

There are many examples of the successful use of 
reused and recycled materials in both public and 
residential buildings. A significant building, which utilises 
a large amount of reused materials, is the Sydney 
International Shooting Gallery, built for the 2000 Sydney 
Olympics. In this facility 90% of the timber used is reused 
timber, the remaining 10% is plantation timber. The 
Olympic Coordination Authority declares on its official 

Web site that it is committed to resource conservation in 
its buildings and that the use of recycled materials is one 
of the many ways it is attempting to achieve this (OCA 
2000). Whilst this building is the only one mentioned that 
uses reused or recycled materials, its use of reused 
timber is significant.  
Reused and recycled timber is also used in two large 
commercial/public buildings in South Australia. The first 

one is the National Wine Centre in Adelaide, designed by 
Grieve/Gillette. A large amount of reused timber is used 
for the floor of the function hall. In the Jacob’s Creek 
Winery Visitor Centre, which was awarded an RAIA State 
Award in 2003 in the category of environmental design, 
recycled timber is used for the posts and beams. The 
Christie Walk development in Adelaide, South Australia, 
utilises recycled timber for the structures of the cottage 

dwellings, pergolas and balustrades, as well as for the 
doors and window frames with some doors being reused 
doors (Downton 2003). Straw bale, a post-agricultural 
product, has been used for the external walls of the 
detached dwellings. A product called Ecopanel, a 
particleboard alternative, also made of straw, is used for 
all the joineries. Both these products provide very good 
sustainable performance for the building over its lifetime. 
Strawbale has a thermal performance higher than 

insulation products on the market. It also has a high fire 
rating; 2 hours compared with 90 minutes for a brick 
veneer. Flyash was also incorporated into the concrete 
slabs as a partial alternative to cement.  
 

  
Figure 1: Straw bales are used for the external wall of 

the cottage dwelling (left) and recycled timber is used for 
balustrades and pergolas in the townhouse building 

(right) of the Christie Walk development. Both buildings 
also use recycled timber for window and door frames. 

 
Pritchard’s’ first family home incorporates large reused 
windows and all the ceiling joists are made with pine off 
cuts (Pritchard 2003). This house was constructed at a 
fraction of the cost of a conventional home with Pritchard 
salvaging all the materials himself and building the 

house. A house designed by architect John Maitland, 
called Kawanda Muna, uses recycled timber for the roof 
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structures, and salvaged materials such as electrical 
fittings, wire, and plumbing, all of which were collected by 
the owner over the years (Smith in Reardon 2001). 
These two houses demonstrate how using recycled 

materials can make building a house a more affordable 
option is one is willing to spend the time salvaging for 
suitable materials. 
 

3. ISSUES AFFECTING THE USE OF 
RECYCLED MATERIALS IN ARCHITECTURE 
PRACTICE 
 
This section discusses the second objective of the 
research, which is to examine the issues affecting the 
use of recycled materials in architecture practice 
including the reasons for using recycled materials, 
architects’ and clients’ commitments, constraints in the 

use of recycled materials, and the aesthetics of recycled 
materials. 
 
3.1. Reasons for using recycled materials 
Three of the four architects interviewed for this paper 
sited both aesthetic and environmentally ethical reasons 
for using recycled materials. They refer to the issue of 
embodied energy as being an important factor or benefit 

in the use of recycled materials. For example reusing or 
recycling a material or element means that the energy 
used to produce the material is amortised over more than 
one building’s lifetime. Downton (2003) makes the point 
that aluminium should never be thrown away because of 
the amount of energy it takes to manufacture. 
Aluminium’s continual reuse or recycling can be a way of 
justifying the energy used in its initial production. Another 

consideration mentioned by both Downton and Maitland 
for their use of recycled materials is the gas emissions 
produced in the manufacture of some materials. For this 
reason Downton specified the use of flyash, as a partial 
substitute for cement in the concrete slabs of the Christie 
Walk project. As Downton asserts, the manufacture of 
cement contributes “something like 5 to 8% of global 
warning.”

 
As mentioned above flyash is a waste product 

from the burning of coal to produce electricity. So whilst 

the burning of coal for electricity is not a sustainable 
activity, it is a reality. The use of this waste product, 
therefore, can only be considered a benefit.  
Consideration of the environment and ethics of materials 
encompasses not just energy use but other far-reaching 
cultural, social and political issues. This is the case with 
one of the most popular construction materials, timber. 
The ethics of timber use is something Phillips and her 

office give serious consideration. They have a policy of 
endeavouring to use recycled materials first and then 
Australian timbers. If there was not a suitable product 
they would then “use North American timber or European 
timber that are at least from first or second world 
countries” (Phillips 2003). This, she says, is to avoid 
sourcing timber from countries like South America or 
South East Asia where forest mismanagement may 

mean the destruction of indigenous people’s land. 
Phillips states her office also uses plantation pine but 
acknowledges that this material has other environmental 
problems attached to it “in terms of what they (the 
plantations) do to the bio-diversity in the area that they 
are in.” The Wilderness Society (2003) argues in favour 
of using plantation timber over timber from Australia’s 
“last remaining native forests”. It argues that plantations 

grow “timber 10 to 40 times the rate of a native forest.” 
However, there are other environmental problems 
associated with the use of pine besides the issue of bio-
diversity, for example the toxic chemicals needed to 

protect against termites. Such problems have to be 
weighed against the loss of rainforest, bio-diverse 
ecosystems, habitat and species, which are some of the 
side effects of native forest logging. 

One of Phillips’ projects, the Monarto Zoo Visitors 
Centre, was built using recycled timber from old Adelaide 
wool sheds. The client was very keen to use recycled 
timber because of their strong ethical position. The 
Monarto centre is concerned with the preservation of 
endangered and threatened species, and as a result is 
worried about the loss of habitat through logging and 
other related activities. They therefore wished to produce 

a building, which did not contribute to the problem of 
habitat loss.  
 
3.2. Architect’s and client’s commitment 
There are many problems associated with using recycled 
materials discussed later in the paper, which are credited 
with deterring architects from using them. It is widely 
accepted that architects are at their core problems 

solvers, so why do these difficulties prevent architects 
from engaging with them? One could argue that for 
architects the imperative of sustainability is not a very 
urgent one. Wittmann’s study, entitled “Architects’ 
perceptions regarding barriers to sustainable 
architecture” (Wittman 1998), seemed to confirm this. 
She found that the majority of architects surveyed were 
‘not committed to lower the adverse impacts their 

designs can have on the environment’. Wittmann found 
that this is not an attitude isolated to architects and 
concluded that ‘the main barrier to sustainable 
architecture is of societal significance rather than a 
problem confined to architects alone’. Architects 
perceived five main barriers preventing them from 
engaging in sustainable design. Amongst these are a 
lack of information, lack of interest by clients, developers, 
and the profession itself, as well as a lack of focus on the 

issues by influential bodies such as the Royal Australian 
Institute of Architects and other government bodies. This 
at least partially, seems to be supported by the architects 
interviewed for this paper. It appeared that the use of 
recycled materials strongly depended on the goals of the 
clients and in many cases the clients’ strong commitment 
to the use of recycled materials. That is to say that they 
were willing to either spend time sourcing the materials 

themselves, or were prepared to wear a significant cost 
increase on their building. Downton (2003), who explains 
that architects are ‘end-users’ in the conventional 
developer model, also supports the survey findings. He 
says that in this model architects are not the drivers of 
the projects, nor are they considered the fount of all 
wisdom by developers. 
Phillips (2003) believes that architects are in a strong 

position to educate the public. It is a pity then that 
Wittmann’s study found that most of the architects 
surveyed did not “possess much knowledge in the field of 
sustainable architecture.” Along with this Wittmann found 
that two of the five main barriers, that architects 
perceived, as preventing them from engaging in 
sustainable design were ‘inaccessibility of relevant 
information combined with uncertainties regarding the 

riskiness of energy efficient technologies’ as well as ‘the 
issue of costs associated with sustainable architecture’. 
Despite these barriers some architects, such as the ones 
interviewed in this research, chose to engage in the use 
of recycled or reused materials.  
 
3.3. Constraints in using recycled materials 
There are a number of issues that may constrain the use 
of recycled materials. These include cost, liability, 
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availability, suitability, and the effects on the design 
process. 
a. Cost  
One of the major disadvantages of using recycled 

materials is cost. This can be either in terms of the cost 
of the material itself or the cost of time spent salvaging 
and/or working with the material. Maitland (2003) and 
Phillips (2003) attest to the fact that reused timber is far 
more expensive than new timbers. Phillips believes the 
cost penalty for using reused timber can be up to 30% of 
the total cost of the project. Recycled materials or 
materials made with waste can also be more expensive 

than their conventional counterpart. This is also the case 
with the material called Ecopanel as discussed earlier. 
Downton (2003) stated that often the most commonly 
used building materials are the worst for the environment 
and human health but are also the cheapest.  
Pritchard (2003) believes that the use of reused 
materials is most suited to the owner builder who cannot 
only salvage the materials but is also willing to spend the 

time working with them. He salvaged most of the 
materials for his first home and built it at the fraction of 
the cost of a conventional house. He has used reused 
windows in a restaurant where the client found the 
salvaged elements. Pritchard currently has a client who 
is salvaging her own hardwood decking timber because 
she wishes to avoid using recently felled rainforest or old 
growth forest timber. Apart from these projects Pritchard 

does not use recycled materials and it seems that this is 
primarily because it is not a focus of his clients. 
Alternatively Maitland (2003) regularly uses recycled 
materials in his projects as his clients often willing to 
salvage these materials themselves. Downton makes the 
point that many people do not have time to source their 
own materials because they work full time and have 
children or other commitments.  
Increased costs are not only due to the material 

themselves and salvaging time but according to Phillips 
(2003) can also be in the form of a premium paid to the 
builder for the risk of dealing with these materials. Old 
timbers can often contain nails or bolts, as was the case 
with timbers salvaged from the old Adelaide Wool Stores. 
These timbers, Phillips explains, were supposed to be 
nail and bolt free but in fact were not. Time is spent 
locating and avoiding or removing these unwanted 

inclusions and there is a risk to machinery if any go 
undetected. In the case of Monarto Visitors Centre the 
hardwood seasoned timber was very hard and caused 
much greater wear on the machinery than would 
unseasoned or softwood timbers. All these conditions 
add to the overall cost of a building.  
Downton agrees that it is very labour intensive to deal 
with recycled materials. On the Christie Walk project 

timber was purchased directly from a demolition site, 
meaning that it had to be de-nailed and prepared on the 
site. This added significantly to labour costs. In a later 
stage of the project, therefore, recycled timber that had 
been prepared for reuse was obtained, and even though 
the material’s unit cost per metre was more expensive, it 
was found to be more cost effective for the project. 
One important point that the authors wish to make is that 

whilst environmental materials are usually more 
expensive than the conventional ones, if we were to 
consider the real costs of conventional materials to 
society in terms of future adverse effects on health and 
the environment, it is highly likely that the cost of 
conventional materials would far exceed the costs of 
environmental materials. 
b. Liability  
The use of reused building materials can also lead to 

increased liabilities and insurance costs for the architect 
and the builder. Phillips (2003) points out that if a reused 
aluminium window leaked there could be two possible 
reasons, because of the quality of the reused product or 

because the builder installed it incorrectly. She says this 
kind of situation can introduce  

“grey areas which introduces liability, which increases the 
architect’s exposure to claims. Any claims you have, have 

an impact on the cost of professional indemnity.” 

This situation implies that there needs to be a willingness 
to use recycled materials on the part of the client. Phillips 
agrees and feels that 

“at the end of the day, is an education issue. The architect 

or our profession is in a good position to contribute to that 
education. We can be an agent for change but I think it is 
hard to expect the architects to take on all that liability in a 

very hostile insurance market.” (Phillips 2003) 

c. Availability 
One of the difficulties associated with using reused or 
salvaged materials as opposed to recycled materials (or 
materials manufactured from waste) is availability. The 
problem is finding suitable materials at the right time. 
Maitland (2003) makes the point that there is not a stock 

standard supply of available reused materials, unlike 
conventional materials where if a product is not available 
today it will be available tomorrow. Downton (2003) 
wishes to use many more salvaged materials in the 
Christie Walk development and feels that the only way to 
deal with the amount of materials needed would be to 
start their own salvage operation, which was not done as 
it required a complex management task. The salvaged 

materials for this project also caused storage problem as 
they were sourced prior to the commencement of the 
project.  He points out that established suppliers will take 
care of the storage issue prior to construction and the 
storage costs are included in the cost of materials. This 
again means that the materials are more expensive than 
the conventional option. 
d. Suitability 

The issue of availability is also linked to the issue of 
standard specifications. There can be difficulty in 
obtaining reused materials that meet the required safety 
and other appropriate standard specifications. Downton 
(2003) salvages steel for balustrades on the Christie 
Walk development but found it did not have the sufficient 
thickness. There are similar issues in using reused 
windows if there is a need to have double glazing or fire-
rated glass. The cost of replacing the glass will 

overshadow the cost advantage of using such windows. 
This is also the case with reused steel elements, which 
would usually have to be redrilled, punched and cut to fit 
the exact specifications of the new building. 
e. Effects of recycled materials on the design process. 
The availability of reused or recycled materials also 
impact significantly on the design process. Maitland 
(2003) points out that you cannot design without knowing 

the availability of specific recycled materials, but equally, 
without an initial design in mind you do not know what 
materials to look for. This means that the design process 
becomes more complex and iterative. In his office, for 
example, standard, commercially available materials, 
such as pinus radiata, are specified for framing, but then 
the client may go out looking for recycled materials and 
return to the office with information about what is 

available. These materials would then be incorporated 
into the original design idea. 
Phillips (2003) mentioned that in some of their projects, 
the reused timber was resourced first and the timber 
span then determined the building’s structural grid. She 
makes the point that this way of designing is not 
completely back to front as there are standard 
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economical sizes for many materials. The difference 
though is that the standard material sizes are known 
prior to the inception of the design process. In another 
project, reused stone was used for a landscape wall. The 

amount of stone that was available determined the length 
and height of the wall. 
The above experiences show that it is not simple to 
incorporate recycled materials in a design of a new 
building. As Maitland asserts, the designer needs to 
know the condition as well as sizes of the materials in 
order to proceed with the design, but at the same time 
the initial design is also needed in order to find out what 

recycled materials to look for. This complicated process 
may also be the reason why many architects avoid using 
recycled materials. 
f. Role of the architect versus role of the developer 
Another issue is how much role the architect has in a 
project in specifying the materials. The Christie Walk 
development is a community-based project with the 
clients forming a non-profit development group to 

develop the project. Downton is the project architect, a 
client, as well as for a builder for one part of the 
development. This unusual arrangement has blurred the 
conventional lines of demarcation that would normally 
exist between the different stakeholders of a 
development. A clear distinction usually exists between 
the developer, client, architect and builder. This unusual 
development model where the relationship was “not 

purely contractual and economic” has meant it was 
easier to incorporate non-standard materials. In a usual 
development the developer is building for economic 
return, so it is likely that materials such as flyash would 
not be specified. Flyash requires a longer drying time 
compared to normal cement in a slab and therefore holds 
up the construction of levels in a multi-storey 
development. In the next stages of the Christie Walk 
development, the stakeholders are looking at using more 

“conventional development structures” whilst still 
employing non-standard materials. This will be a test to 
see how well non-standard materials can be incorporated 
within a normal development structure. In this scenario 
Downton says his role as a specifier will become more 
crucial to ensure the use of these materials (2003). This 
is opposed to the usual developer model where the role 
of the architect as a specifier is reduced in place of 

economic rationalism. As Downton explains if a 
developer is not getting the answers they wish for, they 
can always find another architect. In this model the 
architect is the “end user” of the project and not the 
driver. This conventional model depletes the architect’s 
potential role as an instigator of change through 
environmental design and specification.  
 

3.4. Aesthetic qualities of recycled materials 
Whilst these environmental considerations are important 
motivational factors for the use of recycled materials, the 
physical qualities of the materials and their use within the 
overall aesthetic aims of the architecture is an important 
(or in fact pivotal) factor, for them being employed. In two 
projects which Phillips sites, the use of recycled timber 
for structural framing, exposed roof joists, joinery and 

flooring was aesthetically important to the spaces they 
were trying to create. Both centres are in rural locations 
and the use of these materials created an atmosphere 
and a “patina of age” that made the buildings 
“appropriate to a particular place” (Phillips 2003). 
For Downton (2003), the use of recycled materials helps 
create new buildings “to not feel sharp or empty” but 
instead feel “established” in a way that one is unsure 
about exactly when they were built. He states that it can 

give a building a “sense of patterning that you get with 
age and occupation.” In the Christie Walk Development 
this effect is achieved through the use of salvaged old 
tiles, straw bale walls, and recycled timber.  Similarly 

Maitland (2003) attests to his clients referring to an 
aspect of his design that they feel connected with. This 
aspect, Maitland fees, is his use of materials such as 
rammed earth or recycled timber. Maitland talks about 
recycled timber in loving terms referring to their beauty 
and texture and to a communication that occur between 
the user and the material on an energetic level.  
For these architects recycled materials are not only an 

environmental issue but they also hold fantastic design 
opportunities.  
 

4. CONCLUSION AND SUGGESTIONS 
 
Building needs to be considered in terms of their entire 
life, from sourcing of the raw materials through to the re-
employment or disposal of the building and its parts. If 
we consider buildings in this way we will see the effects 
of a building far beyond those that occur during its 

physical existence. Recycled building materials have the 
potential to close the circle in the cycle of a building’s life. 
This paper has discussed the use of recycled materials 
in building and the issues affecting the use of recycled 
materials in architecture practice. It discusses that there 
are many ways recycled and reuse materials can be 
employed in architecture. These materials hold many 
aesthetic and design opportunities, which are unique and 

cannot be obtained with the use of conventional 
products. Old reused materials are able to connect an 
architect and user to the past, to a history, a story; 
something that new products by their nature cannot do. 
There are several examples of innovative ways to reuse 
and recycle materials for use in buildings. There are also 
many examples of the successful employment of 
recycled materials in both public and residential 

buildings. These examples demonstrate the possibilities 
of recycled materials. 
Of the many issues that surround the use of recycled 
materials in architecture, most relate to cost whether it is 
the cost of the materials themselves or the cost of labour 
or time in relation to their use. For architects and builders 
there can also be an issue of liability and risk. Particularly 
in the case of reused materials there is also the issue of 
the availability and suitability of materials. The design 

process may also have to be considered and 
approached in a different way. This, however, could be 
viewed as a design opportunity and not as a constraint.  
One of the major barriers to the use of recycled materials 
is the lack of knowledge architects possess of the issues 
and practicalities of recycled material use in particular 
and sustainable building in general. Whilst this is true of 
architects, it is also true of clients and society. It seemed 

evident from the interviews conducted that recycled 
materials are more likely to be employed when the 
clients themselves have an investment or interest in their 
use. Another barrier to the use of recycled materials is 
the lack of desire by society and the government to take 
an active role in encouraging sustainable architecture. 
For recycled materials to play a more significant role in 
architecture, architects, clients and developers must be 

encouraged to embrace building products that reduce 
waste, pollution, energy consumption and other 
environmental effect such as habitat and species loss. 
Unsustainable building products could be subject to an 
environmental tax, which reflects their true cost to society 
and can be used to help reverse their negative impact on 
the environment. Environmental building products could 
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also receive tax breaks, as could developers who 
produce environmental responsible buildings. 
In conclusion, the authors believe that the use of 
recycled building materials in architecture should be 

viewed not as a fringe practice conducted by a handful of 
architects, but as a practice with which all players in the 
building profession should engage. More use of recycled 
materials and more sharing of the practical knowledge 
about their use will decrease the barriers that now still 
exist. 
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ABSTRACT: This paper aims to quantitatively evaluate the impact of design decisions on the energy 
use and resultant carbon dioxide impact of a house. It will compare the modelled impacts of house over 
a lifetime of three architect’s designs in a temperate zone.  It will suggest in analogy that the impact of 
a dwelling’s life and death is dependant on the decisions of the designer at its conception.  
Research into energy in buildings previously has focused on two aspects: the embodied energy in 
materials used in construction and the energy used to heat and cool a building. This paper draws 

together these two areas of study and evaluates them in a structured way, to form a hybrid framework 
for an accounting process to assist decision-making. Computer modelling programs are used and the 
results evaluated in the context of a modelled lifestyle. The BHP Steel LISA program, which assesses 
the impact of the materials used, is linked to NatHERS, a program used to analyse comfort and energy 
use. Analysis is presented to show environmental cost/benefits of various strategies employed by 
designers. This framework and method allows analysis of design decisions reducing the inherent 
complexity of residential design in temperate climates. 
 

Conference theme: Architecture and the environment 
Keywords: design, life cycle analysis, housing, temperate climate.  
 
 

INTRODUCTION 
The construction of a house and its operation as a 
residence consumes energy. It is an inevitable 
consequence that this energy use results in the emission 
of greenhouse enhancing gases, to a lesser or greater 
extent depending in the fuel source. Hydro, solar or wind 

power have almost negliable emissions, with emissions 
being limited to construction and maintenance of the 
power source, however, in NSW, if the source of this 
energy is grid connected electricity or natural gas, there 
will be significant emissions resulting from energy use. 
 
Analysis of a house in terms of its whole life cycle shows 
household transportation, holidays, product consumption 
and land use result in significant emissions. (Henriksen 

2002, Johnston and Chaplin 2000, Treloar and Fay 
1998). Transportation and land use are controlled at a 
town planning level and an individual designer, however, 
can only influence the impact resulting from heating and 
cooling and house construction. Though small, these 
impacts are still significant. This study attempts to 
quantify these impacts to help allow designers to 
understand what possible difference different design 

choices make. From this position informed decisions can 
be made. The designer’s decisions as to the 
configuration, orientation, size of windows, material 
choices, will all be investigated. They are the formative 
influences in the natural performance of the building. 
 

1. DESIGN  
 
1.1. The life cycle Analogy 
We are familiar with the idea of a life cycle from the study 

of living things. All organisms will be born, grow and die, 
in a cycle of life in the species. This analogy can be 
applied to buildings. One way it is used is as a mental 
device for calculating long term monetary costs as life 
cycle costs. Another way it is used is that some 

architects have tried to argue that buildings can be 
organisms (Yeang 1972). However this second approach 
must be treated also as an analogy as with current 
building technology the materials of a building are only a 
framework for living things. The analogy to energy use 

and impact of a building allows quantitative analysis. 
 
1.2. Optimisation in design 
Optimization is the search for a ‘best’ situation. The aim 
of the study was not to look for ways of absolutely 
reducing energy use, but to examine the benefits of 
appropriate energy use. The study is conducted from the 
perspective of a designer and presenting a method for 

assessing the impacts of design decisions. The research 
is focused on developing an understanding of the 
balance between embodied energy and utilization 
energy, which is not well understood (CSIRO 1999). 
It has been shown that the addition of embodied energy 
could save utilization energy by increasing the level of 
comfort in a typical project home (Henriksen 2001). This 
paper will discuss the use of a simplified method of life 

cycle analysis that can be used to inform design 
decisions in the designer’s typically iterative process 
(Lang 1987), once an initial form has been determined 
with a conceptual realization of a basic arrangement of 
functions in response to site and orientation (Cole 1997). 
This paper shows a simple and accessible method that 
allows the energy, ‘greenhouse gas’ impact to be 
evaluated and the benefits of possible options to be 

determined. 
 

2. THE CASE STUDY DESIGNS 
 
2.1. The Architects 
The case study houses are proposals for an energy 
efficient prototype house for LandCom at Metford, not far 
from Newcastle NSW. The winning design by the 
architect Glen Spicer was built. It will be called Design S 
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below. A design by Ian Gill that was commended is 
below called Design G. And the most radical 
experimental deign by Lindsay Johnston is called Design 
J. These three architects are all committed to an 

environmental response and were working with the same 
brief. This was an ideal situation to compare real-world 
design responses.  

 

 

 

 

 

 Source: Glen Spicer  

Figure 1: Plan of Design S  (N.T.S)
    

 

Figure 2: North view of S house 

2.3. Design J 
The architect Lindsay Johnston designed this house as a 
response to the experience of his award winning house, 
Four Horizons. It has a compact plan, with the house 
area being 118m2 or 160m2 including the separate 
garage. This relates to a conditioned area of 94.3m2. 
The house is orientated 27 degrees East of North. 

(Figures 3 and 4). 

 

 
Figure 3: Model of Design J house 
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Source: Lindsay Johnston 

Figure 4: Plan of Design J case study house 
 
2.2. Design S 
The house is both a conscious attempt at passive solar 
design and could still be considered a typical suburban 
house. It has a net floor area of 182 m2 of which 131m2 
is assumed conditioned. 
 

2.4. Design G 
This proposal is by the architect Ian Gill. The orientation 
and arrangement of the spaces, and the size and 
location of windows was considered fixed. It has a gross 
floor area of 181m

2
 and a conditioned floor area of 

110m
2
. The house is orientated due North. Of the three 

proposals this was the most strongly zoned, having all of 
the habitable rooms facing North. (Figures 5 and 6) 

 
Figure 5: Case study house Section Design G. 

3. METHOD 
 
3.1. Life cycle analysis 
This study aimed to show quantitatively the 
consequences for overall energy use, greenhouse gas 

emissions and cost of a number of measures to improve 
the thermal performance of a residence. The 
arrangement of the spaces was considered fixed as the 
issue of orientation had been considered. The issue of 
ventilation was not addressed as the analysis of climate 
data of the location of the case study building showed 
greater number of hours where heating energy was 
needed to reach comfort than hours where cooling was 
needed . The energy used to directly construct the 

building and in the materials is added to a model of 
energy uses to heat and cool.  
 

3.2. Embodied energy and impacts for construction 
Quantity values for the various materials uses in the case 
study were entered into the LCA in Sustainable 

Architecture (LISA) decision support tool, developed by 
BHP Steel. The LISA database contains inventory values 
for a wide range of construction materials derived from 
analysis of manufacturing processes and reports the 
outputs in terms of: Greenhouse gas emissions, resource 
energy consumption, suspended particulate emissions, 
NOx and SOx emissions and freshwater consumption. 
This study uses the energy and greenhouse gas 

emissions indicators. As these values are derived from 
the direct inputs into manufacturing process they do not 
take into account the industries such as office supplies 
and banking that support the process. This is a wider 
system boundary and increases the values as the work 
of Treloar (1998) shows. This paper assumes that for the 
purposes of comparing two similar buildings the activity 
of associated support or service industries to the various 
processes would be relatively similar. The construction 

energy was calculated based on values from the study 
by P.T. See (Pullen 2000), who determined an average 
value of 0.23GJ/m

2
 of floor area for construction energy, 

of which 28% was tool use and 69% transportation. 

 Source: Ian Gill 
Figure 6: Case study house plan Design G.  
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Using the Australian Institute of Energy (AIE 
2001)conversion factors this equates to 0.069GJ of 
electricity at 3.6MJ/0.968x10

-3
tCO2 giving 0.0186tCO2/m

2
 

and 0.161GJ of fuel at 0.00244tCO2/GJ, giving 

0.00039tCO2/m2. The recycling component of the 
material is included in the material value and the site 
energy for demolition is estimated in relation to the time 
taken 26 weeks to construct (26 weeks) and to demolish 
(2 weeks) giving a value of 10% of the construction 
energy or 0.023GJ/m2. 

 
3.3. Assumption made regarding the life cycle  
The life cycle chosen is 50 years. Predicting the life 
expectancy for a house is difficult as the reasons for the 

end of life are varied (Johnstone 2002). A period of 50 
years was chosen as it seems to be an average figure 
used by industry and researchers in published literature 
(Petersen 2002, Pullen 2000, Winther 1999). Also a 
period of 50 years is supported by housing maintenance 
schedules published by the National Public Works 
Council (1993). For simplification it is assumed that the 
actions of the household will be consistent over the life 

cycle and that the climate is consistent. 
 
3.4. Utilization heating and cooling energy simulation 
The case study building was simulated in the Nationwide 
House Energy Rating Scheme (NatHERS) thermal 
modelling program, which is based on the CSIRO 
Chenath program. It allows the modelling of the thermal 
performance of a building as three zones in a preset 

climate. The users of the building are in effect 
standardised as ventilation rates and activities such as 
blind and curtain operations are preset. As NatHERS 
figures do not account for the efficiencies of fuel or 
appliance type or for patterns of energy use, the absolute 
energy predicted to heat and cool is modified by a 
coefficient of performance (COP) value. In this case it is 
assumed that it equates to an air conditioner with a 

heating COP of 3.3 and a cooling COP of 2.6 (Daikin 
2002). This figure is multiplied by 50 years to give a life 
cycle value. The normalized energy figures are then 
multiplied by the impact of electricity for New South 
Wales, the case study location to allow comparison with 
the impacts of the materials. 
 
3.5. The functional unit 
The three case study designs were modified to resemble 

each other as a Base Case. They were also modified to 
include specific thermal strategies, including insulation. 
Table 1 list all the models and their attributes. 
 
3.6. Boundary of functional unit 
The boundary of the items included in the functional units 
considered is limited to the houses. The impact of the 
street and services to the house are not considered as 

this impact would be the same which ever design was 
pursued.  There is a useful boundary that responds to 
the Pareto Rule that the majority of impacts are captured 
with the major construction items making up 80% and 
that calculating the last 20% requires increasing effort. 
Also in this case of comparing only the items that are 
different are included. For example it could be assumed 
that each house would have the same furniture and 

electrical appliances.  
 
 
 
 
 
 

Table 1: Description of models 
Model Description 

SD As Designed 
 
 

Concrete slab on ground, timber 
framed brick veneer, plasterboard lined. 
timber truss roof, 450mm eaves 

colorbond custom orb foil backed 
blanket. Aluminium framed windows. 
Carpet floor finish to the bedrooms with 

tile elsewhere. 2.7m floor to ceiling 
height. Ceiling Insulation (R3) and wall 
insulation (R2) 

SD WS & Drape 
Pelm't 

Addition of drapes on aluminium track 
system and timber pelmets 

S1 No insulation  

S2 & R2 Roof Insulate 
As S1 with addition of glass wool 
insulation to Roof 

S3 & Wall sizalate 
As S2 with addition of aluminium foil 

building paper to walls 

S4 R1.5 Wall Insulate As S2 changing foil to Insulation (R1.5) 

S5 R2 Wall Insulate 
As S2 Increasing R1.5 glass wool 

insulation batts to R2 

SB Base Case 
Reduced ceiling height to 2.4m 
(reduces eave height). No insulation 

SB1 Base Case 
Insulated 

Addition of Insulation (R3) to ceiling 
and to walls (R2).  

JD As Designed 

Concrete slab on ground, 90 mm 
blockwork lower walls with upper steel 
framed walls clad in Custom orb, 

parasol truss roof with 1200mm 
overhangs custom orb sheeting on foil 
blanket.  Aluminium framed windows. 

The slab is bare (used as thermal 
mass), with upper floor steel framed 
particleboard.  A verandah to the north 

and south shades the thermal mass. 

JD WS & Drape 
Pelm't 

Addition of drapes on aluminium track 
system and timber pelmets 

JDG Dble Glazed Low 
E 

Changing the window units to double 
glazed units with lowE glass 

J1 R3 Insulate Ceiling 
As designed with Insulation added to 

ceiling (R3) 

J2 &  Dble Glazed 
Low E 

Model J1 with ceiling insulation and 
double glazed units with lowE glass 

JBV No insulation  Removing all wall insulation 

JBV1 R2 Walls R3 
ceiling 

Addition of Insulation (R3) to ceiling 
and to walls (R2).  

JB Base case 

Removal of eaves, standard 2.5 ceiling, 
brick veneer. No insulation. Timber 
framed walls and truss roof. 

GD As Designed 

Concrete slab on ground, timber 
framed with upper walls clad in Custom 
orb, reverse timber truss roof with 

700mm overhangs custom orb sheeting 
on foil blanket.  Aluminium framed 
windows. The slab is bare (used as 

thermal mass), with tiles to the south 
rooms.  A verandah to the north and 
custom orb awnings shade the thermal 

mass.  

GD WS & Drape 
Pelm't 

Addition of glass wool insulation batts  

G1 Adjustable 
Awnings 

The awnings and verandah overhangs 
are changed to an aluminium 
adjustable louver system 

G2 External venetians 

The Louvre system of the awnings is 
removed from the north and applied 

vertically to the  windows to the living 
and bedrooms. 

G3 & R2 insulation to 

ext. 

Addition of glass wool insulation to 

walls 

GBV Brick Veneer 
The rammed earth is removed and 
timber framed Brick veneer used. 

GB   Base Case 

Removal of upper clerestory windows 
and walls, standard truss roof with 2.4 
ceiling, no insulation, brick veneer 

walls.  

GB1  Base Case 
Insulated 

Addition of Insulation (R3) to ceiling 
and to walls (R2). 
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4. RESULTS 
 
4.1. Energy Use 
The Energy use results showing the various design 
options are shown in the graph Figure 7 below. The 

utilization energy is primary energy, which takes into 
account average transmission losses. The bars show a 
line returning showing the recycle credits if all the 
elements used in the buildings are disassembled and 
recycled.  
Though a life cycle model is simple, and the boundary 
restricted, the graph shows some considerable 
differences some confidence can be placed on judging 
whether one option is better than another. An 

examination if the graph in Figure 8 shows considerable 
differences between the designs allowing some 
confidence. Also there are significant differences 
revealed when cladding material choices are compared.  
When the ‘as designed’ series GD, JD and SD are 
compared, it can be seen that over the life cycle of 50 
years the JD model has almost one third less energy use 
than the models GD and SD. The model GD seems 

slightly better than SD, but when recycling credits are 
taken into account the models use very similar energy. 
Of great interest is that dramatic improvement that 
adding drapes and pelmets (with ideal occupants) made 
to the model GD. Also for the JD model the addition of 
drapes almost halved the heating energy use. The G 
models with 48m

2
 of glazing have a greater area than 

either the J models with 29m
2
 or the S models with 41m

2
, 

and of all of the models it has the least cooling required. 
It is possible that this large reduction of energy in Model 
GD with the use of curtains is related to the reduction of 
heat loss through the windows. To more accurately 
compare the design configuration each was modelled 
with similar materials. The J and G series were modelled 

as brick veneer with Insulation to ceilings and walls to 
match the SD model, below they are models JBV1 and 
GBV. Both JBV1 and GBV are an improvement over the 
SD model. For the J series the brick veneer added 

considerably to the embodied energy without improving 
the thermal performance, whereas for the G design the 
insulated brick veneer was an improvement over the 
rammed earth, as though brick adding slightly to the 
embodied energy, the added insulation improved the 
thermal performance.  
The designs were varied again to test the possible 
variation in impact due to planning decisions. They were 

all modelled as if they were mass produced housing as 
built in suburbia in the 1990’s. In this case both the J and 
G designs were modified to have standard truss roofs 
and the S series was given a 2.4m ceiling to match.  All 
the base case models, marked ‘B’, are brick veneer with 
no insulation except the blanket under the steel roofing.  
It can be seen that the JB model has the least energy 
use with the GB model having slightly greater energy use 

and model SD having the greatest impact. 
As a test the base case for models GB and SB were 
insulated to the same level. This showed that in both 
cases the reduction in wall area achieved by dropping 
the ceiling to 2.4m improved both the embodied energy 
and utilisation energy use slightly. For the SB model the 
dropping of the wall height resulted the eave dropping to 
increase shadow on the windows. This resulted in 

reduced cooling load and a slight increase in heating 
energy use. For the G series the reduction of clerestory 
glazing and the introduction of standard eaves increased 
the cooling energy required but reduced significantly the 
heating. For the GD model the most effective 
improvement was the introduction of variable shading 
devices (as models G1 & G2) , the effect of this is shown 
in that it retained the requirement for a very small amount 

 

 
Figure 7: Energy use over 50 yrs for three designs compared with seven options.  
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of cooling energy, but reduced the heating energy 
required. In the climate modelled the large amount of 
thermal mass of concrete floor and rammed earth walls 
with large overhangs apparently worked well in summer, 

but was not receiving enough heating energy from the 
sun in winter. 
The S series of models shows the effect of increasing 
levels of insulation. Insulation increases slightly the 
embodied energy, and reduces slightly the cooling 
energy use, however the most dramatic effect, with this 
building configuration in this climate, is the reduction of 
heating energy with the increase of insulation from S1 to 

S5 and finally to the most insulated model SD. Noting 
that Drapes are in effect ‘insulating’ the glazing elements, 
then, in the S series the model SD with drapes is the 
most insulated model.  
For the J series the increasing of the insulation to the 
roof showed no improvement in energy use, which 
showed that the fly roof (or parasol roof) was working 
effectively as a design strategy. Despite the area of 

glazing being smaller, the use of double glazing in model 
JDG and J2 (where it is combined with increasing the 
insulation at ceiling level) shows an improvement, by 
reducing the heating energy, despite an increase in 
embodied energy. 
In regards to energy the overall basic design, including 
orientation of glazing and configuration of walls, does 
clearly make some difference to life cycle energy use. 

Brick veneer seems to of itself, without insulation, merely 
increase embodied energy over alternate lightweight 
claddings, without giving thermal benefits to reduce 
utilization energy.  Reducing wall heights has some 
advantage but not significant. The most significant factor 
is shown to be insulation level.  In all designs the merits 
of the design was overshadowed by its insulation level. 
 
4.2. Greenhouse enhancing gas production 

The graph below (Figure 8) when compared with that in 

Figure 7 shows the impact of embodied energy in this 
location is proportionally smaller in a life cycle than the 
utilization. The magnitude of the greenhouse enhancing 
gas impact is a direct result of the type of energy use, 

which in this case is NSW grid connected electricity. 
Using grid connected electricity for heating and cooling 
alters significantly the balance between embodied 
impacts and those due to utilization that are evident in 
the calculations of energy use in a life cycle. 
Again the JD model with the smallest floor area and the 
smallest window area has the least life cycle impact of 
the three as-designed models. The GD model has the 

greatest impact due to the large amount of heating 
required as a result of large overhangs combined with 
thermal mass. When variable external louvers replace 
the overhangs and insulation is added to the exterior of 
the thermal mass, as seen in the G3 model, it performs 
almost as well as the JD model and better than the SD 
model.  
The active use of drapes and pelmets can have a 

significant effect in reducing impact for all three as-
designed models, due to the large relative impact of the 
utilization energy as compared to the embodied energy 
in the life cycle. It can affect the greatest reduction when 
the heating energy is significant, as is seen with model 
GD.  
Insulation has an even greater effect in reducing the life 
cycle impact than it has in reducing the life cycle energy 

use in this scenario of air conditioners powered by NSW 
grid electricity.  
Of all of the design choices this seems to have the 
greatest effect in reducing impact. All other design 
decisions not related specifically to improving thermal 
performance seem to have little effect on reducing the 
life cycle impact. For all of the models the impact due to 
the embodied energy was similar, as are the recycle 
credits. 

 
 

 
Figure 8: Greenhouse enhancing gas production over 50 yrs for three designs compared with seven options.  
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5. DISCUSSION 
 
5.1. Design implications 
The results suggest that in energy terms the design 
configuration and window orientation is making some 

difference to the life cycle with the choice of embodied 
energy of the materials used having some effect in the 
life cycle. However, embodied energy differences have 
relative insignificance in the life cycle impact when NSW 
grid electricity is used by occupants to achieve a thermal 
performance. Improving the thermal performance 
reduces the life cycle impact more than reducing 
embodied energy impacts.  
Of the strategies to improve thermal performance in this 

climate, insulation is the most effective. Even the J model 
series with the parasol roof had a slight but not marked, 
improvement to its performance. Certainly the G series 
with the very effective rammed earth mass for cooling in 
summer was improved by adding insulation to the 
exterior.   
For a designer the inclusion of insulation is, 
unfortunately, a hidden thing, and curtains are not 

necessarily fashionable or likely to be used by the client, 
making both options seem unexciting design options. 
Also in the case of rammed earth, cladding it in insulation 
requires the application of another finish, which has 
aesthetic and symbolic implications. To include high 
levels of insulation in a building requires little skill as a 
designer, as insulation levels are merely a note on the 
drawings and a few lines in the specification.  

 
5.2. Utilization Variation 
For all as-designed models there was a significant life 
cycle reduction in energy use and the impact associated 
with this energy use by the assumption that occupants 
were effectively using curtains to insulate in the model. 
This demonstrates that to achieve the potential 
suggested by the model the use of curtains will need to 

be understood by the occupant, who is unlikely to be the 
designer. Returning to our analogy of the designer 
having a formative influence in the life cycle we can see 
that at this point the occupant has a determining role in 
whether the building achieves its design potential. 
 
5.3. Sources and magnitude of error in thermal 
modelling 
The results suggested that in order to reduce 

greenhouse gas enhancing impact, effort should be 
made to reduce the heating and cooling load. Therefore 
the accuracy of assumptions made by the modelling tool 
will affect the conclusions as to which approach is 
‘better’.  In a previous paper (Henriksen 2003)., it has 
been shown  that when the building is operated much as 
NatHERS has programmed with a similar climate that it 
does approximate heating energy loads quite well, with a 

slight underestimation of cooling. However occupation 
patterns had a significant effect on the thermal 
performance and therefore the energy use. 
 

CONCLUSION 
 
In the analogy of a building having a ‘life’ driven by 
energy and a ‘life cycle’, the designer indeed has a 
significant influence over the life cycle energy use. 
However when the life cycle is examined in terms of the 

impact of greenhouse enhancing gasses produced as a 
result of this energy use, the difference between different 
design options is more related to predictions regarding 
their thermal performance.  With this view of the life 
cycle, the analogy can be extended to suggest that 

though the designer has a role in the performance 
characteristics of the building, the occupant has a 
deciding role in determining whether it achieves a low or 
a high impact in its life cycle.  
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ABSTRACT: Repeated calls for a distinct tropical architecture are being made based on the simple 
reason that the weather in tropical countries, such as Malaysia, is vastly different from that of countries 
in Europe and North America where the majority of today’s architectural innovations and movements 
originate. Until the advent of air conditioning, all buildings in Malaysia has been designed with 
particular regard to local tropical climatic conditions. With greater global awareness of the environment 
and a renewed perspective on contemporary Malaysian architecture, architects are once again looking 

for tropical solutions in building design. One of the main characteristics of vernacular houses is that 
they are designed with a deep understanding and respect for nature, but this design-with-nature 
approach is no longer found in the modern houses. This paper intends merely to focus on various ways 
in which the traditional Malay house can be easily adapted and improved to meet the requirements of 
modern living because the traditional Malay house is best reflected by the climatic design of the house 
itself. The traditional Malay house is an important source for the creation of a Malaysian identity in 
architecture because it reflects and expresses the way of life of its users and was evolved by the 
Malays over generations adapting to their needs, culture and environment. 

 
Conference theme: Architecture and the environment. 
Keywords: Tropical climate, traditional Malay house, building design, modern house. 

 
 

INTRODUCTION 
 
The traditional Malay house is a timber house raised on 
stilts. It is basically a post and lintel structure with 
wooden or bamboo walls. Set in a middle of a large 

compound, the traditional Malay house not only reflects 
the creative and aesthetic skills of the Malays, but also 
meets their socioeconomic, cultural and environmental 
needs. The basic design of the traditional Malay house 
and its construction methods give it great flexibility so 
that extensions to the house can be carried whenever 
necessary. (Nasir 1985). A distinctive feature of the 
vernacular Malay house is its height and/or steeply 
sloping roof with gables at both ends. The roof is covered 

with a lightweight and excellent thermal insulator made 
from the fronds of the local palm trees, which holds little 
heat during the day and cools down at night. The gables 
are fitted with screens, which provide protection from 
driving rain while allowing ventilation. Windows are 
plentiful, lining the walls and providing good ventilation 
and views for the house. This quality of openness is also 
reflected by the large open interior spaces with minimal 

partitions. Another distinctive feature is the practice of 
raising the house on posts above the ground. (e.g. Fig. 
1) 
Since many early settlements were built along rivers and 
the coastline, the raised floor construction was an ideal 
solution for coping with ground dampness in the hot and 
humid tropical climate and also with the heavy rains that 
frequently resulted in flash floods. In settlements that 

were built within the thick rainforest, the raised floor 
system also allowed the house to be ventilated through 
cracks in the raised floor. Traditional Malay houses have 
at least two entrance by steps, the main entrance at the 
front for visitors and males and the one at the back 
mostly for women and children. One of the most 
congenial of the traditional Malay house is its openness. 

The house is divided into areas, rather than rooms, for 
various social and household activities. A noticeable 
feature in the traditional house is the absence of portions 
or solid ceiling-height walls separating the three main 

areas - the veranda, main house and kitchen - which are 
formed by slight floor level changes and the positioning 
of doorways to separate the different areas. From a 
distance, the traditional Malay house seems to merge 
naturally with the environment. 
 

 
Source: Nasir 1985 

Figure 1: The basic design of the traditional Malay house 
 
 

1. CHANGES, THREATS AND CONSTRAINS OF 
THE TRADITIONAL MALAY HOUSE 
 
Following World War II, a large number of new towns 
were created in Malaysia to support a growing and 
increasingly urban based population. Since then, the 
traditional Malay house is undergoing many changes and 

is faced with constant treats against its continued 
existence. Economic and socio cultural values promoted 
by modern development are making a strong impact on 
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the Malay house forms. Large scale housing estates of 
repetitive single and double storey link modern houses 
created suburban centers and township. Since the late 
1970s, housing developments have mushroomed in all 

parts of the country. Even though the design and 
planning of houses built in many townships across the 
country are fairly standard and similar, the typologies are 
not necessarily moulded by the local socioeconomic, 
cultural and the environmental needs of a typical 
Malaysian family. The status of the traditional Malay 
house is being lowered and traditional Malay house 
forms are being vulgarized and replaced by modern 

housing. The deep designs of the typical units of modern 
houses often result in a lack of adequate daylight and 
natural ventilation in the inner spaces. Appropriate local 
building materials and the coherent and holistic design 
principles of the traditional Malay house form are being 
replaced and disintegrated by modern influences. The 
use of modern building materials like zincs, asbestos, 
cement, bricks and lourve windows have significantly 

changed the traditional Malay house forms. Zinc and 
asbestos are replacing the attap roofs, creating very hot 
and cold interiors in the daytime and night respectively 
and very noisy interiors when it rains. These modern 
roofing materials are unsuitable for the traditional Malay 
house because of their high thermal conductivity and the 
low roofs of the traditional Malay houses have no 
ceilings. The use of cement and bricks has also 

significantly changed the traditional Malay house forms 
where the kitchen have been dropped from the raised 

platforms on stilts to the ground level. This has created 
new additions and changed the scale of the buildings. 
Such extensions change the proportions, scale and 
character of the house creating a more solid looking 

house, uncharacteristic compared to the traditional Malay 
house which is light and airy. The lourve windows have 
replaced the fully openable full length wooden windows 
in many traditional Malay houses. The lourve windows 
create a barrier which destroys the quality of openness 
for ventilation and views in the traditional Malay house. 
The lourve windows have also closed the bottom of the 
traditional full length windows, making it less efficient in 

ventilations. The While house forms should change to fit 
the changing needs of the users, modern changes in the 
Malay house form are disruptive and inappropriate 
because such changes are often imposed from external 
sources and are not understood by the local 
communities. These changes are often irrelevant to and 
disregard local socioeconomic, cultural and the 
environmental conditions. The modern housing 

development projects reflects the continued existence of 
the traditional Malay house. 
 

2. MALAYSIAN CLIMATE AND THE 
ENVIRONMENT 
 

The climate of Malaysia referring to Yuan (1987:68) can 
be classified as warm-humid equatorial, characterized by 

high temperatures and humidity. Air temperature 
averages within 22 and 32 degree Celsius with small

 
Source: Yuan 1987 

Figure 2: The external environment of the traditional Malay house 
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annual and diurnal ranges. It is continually near but 
seldom exceeds normal skin temperature. Humidity is 
high through the year, averaging about 75% or more. 
With heavy clouds covering the high water vapour 

content in the air, direct solar radiation is filtered. The 
high humidity also accelerates rotting, rusting and the 
growth of algae and mould. The winds are generally of 
low-variable speed. Strong winds can occur with the 
rains. Rainfall is also high throughout the year averaging 
250 to 300 cm annually. Rains become more intense 
with the monsoons. Vegetation growth is sometimes 
difficult to control under the good conditions of air, 

moderate heat and high rainfall. Air flowing across any 
surface is subject to frictional effects. Wind spreads are 
higher with increasing heights and are lower near the 
ground where there are many obstructions. The relatively 
high percentages of reflected solar radiation from the 
sea, sky and beach make glare controls in houses 
necessary. Occasional strong winds which occur during 
monsoon seasons may pose serious hazards to houses 

and the settlers. (e.g. Fig. 2) 
 
2.1. Thermal comfort requirements 
The main causes of climatic stress in Malaysia according 
to Yuan (1987:70) are “…high temperatures, solar 
radiation, humidity and glare”. Therefore, to achieve 
climatic comfort in the modern Malaysian houses, these 
factors must be controlled besides the control of rain, 

floods and occasional strong winds. For thermal comfort, 
heat gain by the body from the environment through 
solar radiation or warm air must be minimized to constant 
body temperature of around 37 degree Celsius. Heat 
loss through conduction, radiation and convection is 
negligible in the climate because the air temperatures 
are continually near the body temperature. Direct and 
indirect solar radiation, hot air, together with conduction 
and radiation from the building fabric are also the main 

sources of heat gain to the body. Thus, to achieve some 
degree of thermal comfort, the saturated air envelope 
around the body must be removed. In most modern 
buildings where high thermal capacity material such as 
bricks and concrete are used, the heat absorbed within 
the building fabric which is radiated to the interiors of the 
buildings causes great discomfort. From the above 
discussion, it is clear that to achieve thermal comfort in 

the warm humid climate, solar heat gain by the building 
and human body must be minimized while heat 
dissipation from the body must be maximized by 
ventilation and evaporative cooling. The deep 
understanding of such thermal comfort requirements and 
the nature of the Malaysian climate is reflected in the 
climate adaptation of the traditional Malay house 
discussed in the following sections. (e.g. Fig. 3) 
 

 
Source: Yuan 1987 

Figure 3: Climatic design of the traditional Malay house 

3. THE DESIGN REQUIREMENT FOR CLIMATIC 
CONTROL 
 
From the previous explanation of the climatic 
characteristics of Malaysia, it is obvious that to attain 
optional climatic control, a modern house design in 
Malaysia referring to (Nasir, 1985) should provide the 

following points; 
i.   Allow adequate ventilation for cooling and reducing 

humidity. 
ii.  Use building materials with low thermal capacity so 

that little heat is transmitted into the house. 
iii. Control direct solar radiation. 
iv. Control glare from the open sky and surrounding. 
v.  Protection against rain. 

vi. Ensure adequate natural vegetation in the 
surroundings to provide a cooler environment. 

If modern house was designed and built by taking above 
points much into account. As a result, it is a very 
appropriate modern house form suited specially to the 
vagaries of the tropical climate of Malaysia. Indeed it is 
much more suited to the local climate rather than the 
modern western-style brick house we are living in today. 
There are numerous features in the traditional Malay 

house that are geared towards providing effective 
ventilation. The quantity of openness reflects the 
importance given to ventilation in the design of the 
traditional Malay house. The elongated structure with 
minimal partitions in the interior will allow easy passage 
of air and cross ventilation. Its large roof and low 
windows tends to be under lighted. This gives a 
physiological effect of coolness as strong light is often 

mentally associated with heat. Indirect sources of light 
are the best forms of natural lighting for the climates as 
they minimize heat gain and glare. Direct sunlight should 
not be used for day lighting as it is accompanied by 
thermal radiation. It can be concluded that the traditional 

 
Figure 4a: Comparison of climatic design with modern 

houses 
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Malay house uses mainly ventilation and solar radiation 
control devices to provide climatic comfort for the house. 
These are the most effective means for climatic comfort 
in a house in the warm and humid Malaysian climate and 

environment. 
 

 

 
Source: Yuan 1987 

Figure 4b: Comparison of climatic design with modern 
houses 

3.1. Comparison of climatic design with modern 
houses 
To fully demonstrate the effectiveness and value of the 
climate design of the traditional Malay house, it would be 

best to compare its climatic design with that of the 
modern houses. The modern housing estate of a typical 
brick and tile is chosen for this comparison. This house 
form imposed with little adaptations to the Malaysian 
conditions has led to very uncomfortable living conditions 
in many Malaysian homes nowadays. Such 
uncomfortable conditions are mainly caused by various 
factors. Such factors which affect climatic design 

adversely will be clearly reflected when we compare the 
climatic design of the modern housing estate and the 
traditional Malay house. The design, layout, the use of 
materials, ventilation, solar radiation, lighting and glare of 
both house types are discussed in detail as follow. (e.g. 
Fig. 4abc) 
 

4. RECOMMENDATION OF THE NEW DESIGN 
 
The basic tenet of tropical architecture is finding various 

ways and means of reacting to and/or harnessing the 
local tropical climate for improved living conditions. The 
passive approach to tropical architecture entails keeping 
unwanted climate elements, such as heat and rain, out 
while encouraging more of the good elements, such as 
natural ventilation and lighting. The more active 
approach to tropical architecture, however, attempts to 
harness certain climates elements for energy and 

increased efficiency. The passive response to tropical 
architecture has been practiced for centuries and is, 
today, slowly making a comeback in modern residential 
design. The recommendation of the new design to meet 
the requirement of modern living according to Fee 
(1998:124) must follow these concepts; 
i. The basic concept demands that direct sunshine 

and heat be kept out, as is the rain, therefore roofs 

are often steeply pitched to facilitate water drainage 
and to provide a large, ventilated roof space below 
which allows warm air to dissipate and the building 
to keep cool where gaps between wooden slats 
under the roof eaves can allow air to enter. 

ii. Large and wide overhangs roof eaves are essential 
for protecting windows from sun and rain from 
entering, offer shading, and reduce unwanted glare. 

iii. Gaps between overlapping roof eaves or flat cutout 

patterns above the window encourage natural 
ventilation. 

iv. Maximizing natural ventilation in a building is 
essential and can be accomplished by a variety of 
methods, like building a house on stilts so that wind 
speed increases with altitude, or incorporating 
openings in the walls of tall buildings can encourage 
airflow. 

v. The use of large windows and air vents in the roof or 
walls has a similar effect, but designs must also 
prevent rain from entering. 

vi. Orienting a particular building towards the direction 
of the prevailing wind is important where the airflow 
can be increased by arranging houses in random 
order as opposed to the regular patterns seen in 
most housing estates which trap air and prevent 

adequate ventilation. 
vii. Rooms with outside walls and a large roof space will 

remain cooler than rooms enclosed by other rooms 
by designing large open spaces within the house 
and minimizing the number of room partitions which 
encourages air flow and cooling as in the absence of 
internal walls means increased cross ventilations. 
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viii. The choice of construction materials is also 
paramount to tropical architecture, modern building 
design, particularly high-rise building, may severely 
limit that choice. Timber is not only abundant locally 

but also possesses low thermal mass, meaning that 
less heat is retained and transmitted into the 
building. Bricks, concrete and glass, on the other 
hand, tends to radiate heat into building. 

A good example of the tropical design for modern 
residential housing adapting all the traditional Malay 
house concepts was the ‘Salingar house’ designed by 
Architect Jimmy Lim that received the coveted Aga Khan 

Award for Architecture in 1998 as shown below. (e.g. Fig. 
5) 
 

 
Source: Fee 1998 

Figure 5: Tropical ‘Salingar house’ design for modern 
residential housing 

 

CONCLUSION 
 
From the comparison and examples as discussed earlier, 

it can be seen that modern housing estate houses in 
Malaysia are not only badly designed climatically, but 
they usually go against the basic requirements for 
thermal comfort. The characteristics as discuss earlier 
found in many modern houses making them very 
uncomfortable to live in. Besides the use of unsuitable 
building materials in the environment, social and 
economic pressure has also contributed to the adverse 

urban climate. With high density living, more areas are 
paved and less left for trees and greenery. Higher 
building costs and profit motivation have also cut the 
necessary large roof eaves short, made open shady 
verandahs disappear and lowered ceiling heights. The 
need for greater security and privacy in the urban areas 
has led to house designs which are more closed, thus 
reducing ventilations. Modern bulky furniture and finishes 
also make the house warmer as they store up heat and 

make the house stuffy and crowded. The way modern 
housing estates are developed makes the housing estate 

barren of vegetation. Residents have to suffer the 
intense heat absorbed and stored in the barren 
environment. The use of the traditional Malay house form 
as a source for Malaysian identity in the modern contexts 

is both difficult and tricky and the present approaches 
used have largely failed for many reasons. Due to lack of 
understanding of the traditional Malay house, the 
approaches toward the use of the traditional Malay 
house form for the creation of Malaysian identity have 
been superficial and uncreative. Most of these 
approaches have taken the traditional Malay house into 
completely new socio-economic and cultural contexts. 

Many of them are set in the urban setting and applied to 
modern institutional, commercial and public buildings 
instead of the housing unit. As a solution, clearly lessons 
can be drawn from the climatic design of the traditional 
Malay house for housing in the modern context. Wooden 
houses and lightweight construction can be promoted in 
the suburban areas in the housing estates where 
densities are not so high to suit the environment. 
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ABSTRACT: Australia’s national building regulations, the Building Code of Australia (BCA 2004), have 
recently included provisions for energy efficiency in housing. These provisions stipulate limitations on 
the areas of glazing depending on the geographic location of a building and the orientation of the 
glazing. However when considering climatically sensitive design, rather than only efficient use of energy 
for artificial heating and cooling, the BCA provisions related to glazing appear to be unsatisfactory for 

small buildings. 
Using the modelling tool NatHERS (Nationwide House Energy Rating Software) to establish indoor 
temperatures in a typical two bedroom medium density dwelling in a temperate climate (Climate Zone 
5), it was shown that, particularly in housing for seniors, the desirable area of glazing for climatically 
sensitive design and for liveability should be substantially less than the maximum permitted by the BCA 
for Climate Zone 5. Results of a doctoral thesis by the author suggest that, in housing for seniors, 
significant reductions in domestic energy use for cooling and heating occurs when total area of glazing 
is approximately 20% of floor area and when passive heating can occur through both direct and indirect 

solar gain.  
 
Conference theme: Architecture and the environment 
Key words: energy efficiency, housing for seniors, climatically sensitive design, BCA 

 
 

INTRODUCTION 
 
The stipulated objective of introducing energy efficiency 
requirements in the BCA “is to reduce greenhouse gas 

emissions by efficiently using energy” (BCA 2004 Vol 
2:87). The regulations suggest that this objective is to be 
met by constructing buildings and the services used for 
heating, air-conditioning and mechanical ventilation, in a 
way that will facilitate the efficient use of energy for 
artificial heating and cooling. The BCA includes details of 
acceptable construction practice that is considered to 
meet the requirements for energy efficiency.  

This paper argues that in typical, small, medium density 
housing in a temperate climate such as Perth, Western 
Australia it is more advantageous to reduce the need for 
artificial heating and cooling through climatically sensitive 
design as described by Olgyay (1963) than to emphasize 
the need for efficient use of energy in housing. It is 
suggested that climatically sensitive design can almost 
eliminate the need for space heating and cooling. Further 

the BCA provisions for ‘acceptable construction practice’ 
for energy efficiency in Climate Zone 5 in relation to area 
of glazing are not climatically sensitive and do not meet 
liveability requirements for typical, medium density 
housing for seniors where the floor area is less than 80 
square metres. 
 

1. BACKGROUND 
 
In intertwining climatically sensitive design with the 

liveability issues in small medium density housing for 
seniors it is necessary to identify liveability criteria that 
may impact on decision making related to climatically 
sensitive design and to establish an indoor temperature 
range that can be considered comfortable in 
non-air-conditioned housing. 
 

1.1. Identifying liveability criteria  
There are some limitations to climatically sensitive design 

when applied to housing for seniors due to the physical 
changes in older people (Haigh 1993). The rate of 
change varies but, if the most frail are to be 
accommodated, the home environment (including the 
thermal environment) must remain appropriate for the 
user. The concept of universal design captures this idea 
of appropriateness for the user as it refers to the 
incorporation of standard design elements to meet the 

competencies of all people regardless of age, condition or 
ability (Null & Cherry 1996; Coleman 1994).  
Demirbilek and Demirkan (1998), in their development of 
a prescriptive model for designing for the elderly, 
describe three design criteria of the concept of universal 
design that are especially pertinent to climatically 
sensitive design in housing for seniors. The three criteria 
are accessibility, adaptability and affordability. Although 
there is no specific mention by Demirbilek and Demirkan 

of thermal conditions, energy efficiency or the cost of 
mechanical heating and cooling, a link can be established 
between the universal design criteria, climatically 
sensitive design and thermal conditions.  
Accessibility can be extended beyond the notion of 
physical barriers to include having access to thermal 
comfort and having access to daylight without being 
subjected to glare. This latter issue is particularly relevant 

in designing for passive solar heating. Direct solar 
radiation can be a problem as some older people are 
highly sensitive to glare from direct sunlight (Rubin et al. 
1997) and others are more prone to falling when floor 
surfaces have a high contrast in light levels, such as a 
patch of sunlight surrounded by shade (Ivers, Cumming & 
Mitchell 1998). These frailties result in these occupants 
keeping curtains drawn to avoid direct sunlight and thus 

significantly reducing the benefits of direct solar gain for 
passive heating. 
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Adaptability and affordability are especially important 
when residents plan to live in a particular dwelling for 
many years, and may need to make adjustments to suit 
different stages of physical and mental well-being as well 

as fluctuations in financial affluence. When related to 
climatically sensitive design, the notions of adaptability 
and affordability include the notion that housing should be 
designed so that solar collection is available in winter, 
glazing is able to be shaded in summer and natural 
ventilation is available without compromising occupant 
privacy or security. Not only should housing be able to 
adapt to climate but also the mechanisms for adaptation, 

such as the opening and closing of curtains, blinds, 
shutters or windows should be affordable and usable 
even if levels of personal frailty increase.  
Another aspect of affordability relates to medium density 
housing, a form of housing that is typical in housing for 
seniors. People in Australia are accustomed to suburban 
living so if passive heating from direct solar radiation is 
required this may be negated by concerns with privacy. 

As indicated in the study for the design of the Sydney 
2000 Olympic ‘green’ village in Newington, where the size 
of each residential block of land was smaller than the 
average, there was a possibility of northerly windows 
close to public thoroughfares being permanently shaded 
by residents who were trying to retain the same high 
standards of privacy experienced in typical Australian 
suburban housing (Prasad & Veale 1998). The same 

approach towards privacy was found to apply in medium 
density housing for the aged (Karol 2003). 
 
1.2. Determining minimum and maximum acceptable 
temperatures 
The adaptive approach to thermal comfort described by 
de Dear & Schiller Brager (1998) suggests that building 
occupants adapt their thermal expectations and 
preferences on the basis of outdoor meteorological 

conditions, social norms and their ability to control their 
personal behaviour (such as changing clothes or 
reducing or increasing physical exertion) to respond to 
thermal conditions. This adaptive approach is an 
appropriate means to establish a comfortable indoor 
temperature range for non-air-conditioned buildings in a 
temperate climate (Karol 2003). Thus a suitable 
temperature range for Perth can be computed. 

Calculations are first performed on climatic air and 
humidity data to determine mean monthly dry-bulb 
temperature and relative humidity. The dry-bulb 
temperature and relative humidity are then plotted on a 
psychrometric chart and mean monthly outdoor effective 
temperature (ET*) established. An optimum temperature 
(Tn) is computed using the equation (Equation 1) 
proposed by de Dear & Schiller Brager (1998). 

 
Tn = 18.9 + 0.255 x ET*    (1) 
 
An acceptable temperature range can be determined 
using Tn plus or minus 2.5K (Auliciems & Szokolay 1997). 
Using this adaptive approach an acceptable maximum 
temperature in still air in summer of 27.4°C and a 
minimum daytime temperature in winter of 19.8°C was 

computed for Perth. This temperature range is similar to 
that referred to by Baverstock and Paolino (1986) for 
Perth (28°C to 18°C) and Givoni (1992) (27°C to 18°C) as 
acceptable in non-air-conditioned housing. An increase in 
maximum daytime summer temperature of up to 3K 
appears to be acceptable if a fan is provided to create air 
movement (Wooley 1999). 
 

2. METHOD OF EMPIRICAL TESTING  
 
Computer simulations of indoor temperatures in a typical 
medium density two bedroom, semi-detached dwelling 
were carried out. The author identified a typical dwelling 

in her study of public housing for the aged in Perth (Karol 
2003). The typical dwelling was not designed to be 
energy efficient, it represented the most common size of 
dwelling (approximately 65 m

2
) and the materials of 

construction are commonly used in residential 
construction in Perth – a concrete slab on ground 
covered with vinyl tiles, uninsulated cavity brick walls, 
single glazing in aluminium frames, plasterboard ceiling 
with R2.0 insulation and terra-cotta roofing tiles on a 

timber framed roof.  
The following four simulations of the typical dwelling were 
carried out to determine the transient thermal response of 
the building.  
• A typical two bedroom dwelling as constructed 

(Simulation 1) 
• The same dwelling as in Simulation 1 but complying 

with BCA energy efficiency requirements and with 

maximum permitted glazing area (Simulation 2) 
• The same dwelling as in Simulation 2 but rotated 90° so 

that the majority of glazing was facing north or south 
(Simulation 3) 

• The dwelling designed to be climatically sensitive and 
meeting liveability criteria (Simulation 4) 

 
2.1. The tool 

The tool used to assess the empirical thermal 
performance of the dwellings was the Nationwide House 
Energy Rating Scheme (NatHERS Version 2.31). 
NatHERS was developed for Australian climatic 
conditions and is an appropriate tool to use as the engine 
software used in NatHERS is used in most Australian 
computer thermal modelling systems for residential 
buildings such as AccuRATE, FirstRate, QuickRate, 

BERS, QRate and ACTHERS. The program was used to 
calculate hourly temperatures in each dwelling, when no 
mechanical heating or cooling was provided. NatHERS 
analyses heat flows to and from designated thermal 
zones in a building. In small dwellings the average actual 
temperature differences between living areas and 
bedrooms is 0.2K (Karol 1996) thus in practice creating 
only one thermal living zone. However as at least two 
zones are required to be designated in order to utilise 

NatHERS as a simulation tool, the bathroom area was 
designated as one zone and the remainder of the 
dwelling formed the other zone. The defined zones are 
shown in Figure 1 for the plan of the typical dwelling. 

 
Figure 1: Example of designation of two thermal zones 

for simulation purposes 
 
NatHERS incorporates nationally agreed criteria of 
occupational patterns based on studies conducted with 
project homes (Lee & McKinnon 1996). As these 
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occupation patterns do not reflect heat gains in small 
dwellings occupied by one or two older people (Karol 
2003), the internal sensible and latent heat gains were 
reduced at 8am and 7pm to the same level as indicated in 

NatHERS for the general morning (8 to 9am) and general 
evening (7 to 10pm) periods. These two peak heat gains 
were reduced by amending the SCRATCH file generated 
with each simulation.  
The construction materials incorporated in the NatHERS 
library generally reflect the materials and construction 
systems actually used in the construction of typical 
dwellings. However, in developing proposals for a 

climatically sensitive solution, an approximate modelling 
of one wall system that is not included in the NatHERS 
library was carried out. This was a Trombe-Michel wall 
shown in Figure 2.  
 

 
Figure 2: Section through an un-vented Trombe-Michel 

wall 

 
In order to simulate the Trombe-Michel wall in NatHERS, 
Delsante (2002) suggested an approximate method of 
modelling. The air gap between the glass and the wall 
could be treated as an ‘unconditioned zone’ with no air 
infiltration and with a concrete floor having an area equal 
to the area of the Trombe-Michel wall. This 
‘unconditioned zone’ would have a northerly-facing 
glazed wall of the required area and have no curtains. 

This ‘unconditioned zone’ could be modelled as a zone 
above the living zone and thus the floor of the 
unconditioned zone would form part of the ceiling of the 
living zone. Thermal radiation would be transferred 
through the ceiling rather than through a masonry wall. 
As a result of the unconditioned zone being above the 
living zone, a nominal stair well was required for 
simulation purposes. This stair well was given a nominal 

area of 0.1m
2
. 

 
2.2. Weather data file 
The weather data file for Perth incorporated in NatHERS 
includes a day in January (7

th
 January) and a day in July 

(27
th

 July), which have temperature patterns similar to the 
design days referred to by Szokolay (1982). Indoor hourly 
temperatures on these two design days were used for the 

purpose of comparing simulated temperatures in the 
dwelling. 
 

3. RESULTS 
 
3.1. Typical dwelling and BCA compliant dwellings 
(Simulations 1, 2 and 3) 
The plan of the typical dwelling used in Simulations 1, 2 
and 3 is shown in Figure 3. In Simulation 3 the building 
was rotated 90° anticlockwise. The only adjustment 

required to the typical dwelling to comply with the BCA 
was to increase ceiling insulation to R2.5 to achieve a 
total insulation level for the roof and ceiling of at least 
R2.7. However the glazing area in Simulations 2 and 3 

was increased to the maximum permitted in the BCA 
‘acceptable construction practice’ with an eaves 
overhang of 450 millimetres. In Simulation 3 the area of 
northerly glazing area was not as large as permitted by 

the BCA as the area was limited by the available length of 
northerly wall. A further 5.6m2 of northerly glazing was 
permissible. The pertinent construction elements in the 
dwelling as constructed and as modified are indicated in 
Table 1. 

 
Figure 3: Plan of typical dwelling used in Simulations 1, 2 

and 3 
 

Table 1: Summary of construction elements used in 

Simulations 1, 2 and 3 
 Dwelling as 

constructed 
BCA compliant 

(E-W axis) 
BCA compliant 

(N-S axis) 

Floor area – FA 
(m

2
) 

64 64 64 

Total glazing area 

(exclud. roof lights) 
– TG (m

2
) 

11.2 21 23.3 

East or west 

glazing area 
–EWG (m

2
) 

10.3 18.7 2.3 

North glazing area 

– NG (m
2
) 

0 0 13.4 

Concrete volume – 

CV (m
3
) 

6.3 6.3 6.3 

Brick volume – BV 
(m

3
) 

8.8 7.8 7.6 

TG/FA 0.18 0.33 0.36 

NG/FA 0 0 0.21 

Total R value for 
wall 

0.7 0.7 0.7 

Total R value for 

roof/ceiling/ 
insulation 

2.4 2.7 2.7 

 

3.2. Climatically sensitive and user friendly design 
(Simulation 4) 
The plan of the typical dwelling modified to be climatically 
sensitive and appropriate (Simulation 4) is shown in 
Figure 4.  

 
Figure 4 Climatically sensitive and appropriate design 

(Simulation 4) 
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The modifications made were: 
• Reorientation to provide unshaded northerly glazing in 

winter  
• Solar pergola on the north side to protect solar 

collectors from summer sun but allow maximum direct 
solar penetration in winter 

• Incorporation of indirect solar heating with a Trombe- 
Michel wall on north side 

• Wall insulation incorporated in east and south walls 
The pertinent construction elements in the dwelling are 
shown in Table 2. 
 

Table 2: Summary of construction elements 
  User friendly and 

climatically 

sensitive dwelling 

Floor area – FA (m
2
) 64 

Total glazing area (excl. roof lights) – TG 

(m
2
) 

12.9 

East or west glazing area –EWG (m
2
) 0 

North glazing area – NG (m
2
) 6.7 

Concrete volume – CV (m
3
) (increase due 

to Trombe-Michel wall simulation) 
7.2 

Brick volume – BV (m
3
) 8.8 

TG/FA 0.20 

NG/FA 0.11 

Trombe –Michel wall area (m
2
) 8.4 

Total R value for wall 1.5 

Total R value for roof/ceiling 2.0 

 
The summer and winter temperatures on the design days 
for the dwelling as constructed (Simulation 1), as 

adjusted to comply with the BCA requirements for 
‘acceptable construction practice’ with glazing oriented 
east-west (Simulation 2) and with glazing oriented 
north-south (Simulation 3), and as designed to be 
climatically sensitive (Simulation 4) are shown in Figures 
5 and 6. 
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Figure 5 Simulated temperatures on design day in 
summer 
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Figure 6 Simulated temperatures on design day in winter 

4. DISCUSSION  
 
A comparison between the four simulations of winter 
indoor temperatures (Figure 6) shows that Simulations 2 
and 3 provide marginally higher indoor temperatures 

during the day than Simulation 1 although the minimum 
acceptable temperature of 19.8°C is generally not 
reached by any of the configurations except for a short 
period (3-5pm) in Simulation 3. The winter daytime 
temperature rise in Simulations 2 and 3 is related to 
increased direct solar radiation through glazing. The low 
winter temperature shown in these simulations is of 
particular concern in housing for the aged. According to 
Keatinge et al. (1997) in regions where winter outdoor 

temperatures are relatively mild, as they are in Perth, 
there is a higher risk of mortality from cold stress for older 
people than in regions where it is acknowledged that 
outdoor winter temperatures are low. This phenomena is 
related to the common lack of central heating in buildings 
in regions having mild winters. The indoor temperature in 
Simulation 4 remains above 19.8°C as a result of 
climatically sensitive and user friendly design.  

Simulations 2 and 3 show a significant increase in indoor 
summer temperatures leading to temperatures well 
above the acceptable range (Figure 5). This is primarily 
due to high levels of direct solar radiation through 
unshaded glazing, particularly on the east and west 
elevations, but also due to increased heat transfer 
through the building envelope due to larger glazing areas. 
The existing design and the climatically sensitive design 

provide similar indoor temperatures in summer as all 
glazing is substantially shaded in summer and the areas 
of glazing are similar.  
The indoor temperatures produced by Simulation 4 
indicate that climatically sensitive and user friendly 
design can generally provide acceptable indoor 
temperatures. A comparison between the designs used in 
Simulations 2, 3 and 4 shows that the issues of 

orientation, area of glazing and indirect passive solar 
heating are fundamental. In Simulations 3 and 4 northerly 
orientation for solar collectors, though not required by the 
BCA, immediately provide the opportunity for significant 
passive solar heating. In Simulation 3 it is apparent that 
the heat gain from northerly glazing is not retained 
indoors due to heat loss through large areas of glazing. In 
Simulation 4 passive heating depends on a combination 
of direct solar gain and indirect solar gain through a 

Trombe-Michel wall. In addition when the area of glazing 
is limited to approximately 20% of floor area some 
liveability issues can be addressed by:  
• reducing the potential loss of privacy through large 

glazing areas; 
• reducing solar glare; 
• limiting heat losses and heat gains through excessive 

glazing protected only by poorly insulated curtains or 

blinds; 
• reducing the cost of investment in and maintenance of 

curtains or blinds;  
• reducing physical or mental demand on the occupants 

to adjust window coverings; 
• reducing the exposure of furnishings to ultraviolet light 

through large glazed areas; and 
• increasing flexibility of furniture layouts in rooms. 

In Simulation 4 the introduction of minimal eaves and a 
solar pergola on the northerly side of a dwelling enables: 
• virtually the entire area of solar collectors to be exposed 

to direct solar radiation in mid-winter; and 
• the solar collectors to be shaded in summer without 

depending on the action of the occupant. 
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It could be argued that indirect solar collectors and a solar 
pergola significantly increase the capital costs of 
construction and thus conflict with the affordability 
component of universal design discussed earlier. It has 

been shown (Karol 2003) that the savings related to the 
elimination of space heating compensate for the net 
additional capital expenditure of incorporating energy 
efficient design features within 19 years, well within the 
50 year economic life of public housing for seniors. Thus 
the expenditure is justified as being affordable. 
In the climatically sensitive and user friendly design, 
glazing on the north and south sides provides access to 

cross ventilation in summer and adequate day lighting 
throughout the year. The maximum distance from a 
window is approximately four metres. At this distance 
occupants would be exposed to summer cooling breezes 
(Aynsley 1996). The maximum distance from a source of 
natural light is approximately three metres (due to 
strategic placing of skylights), thus providing daylight to 
all areas. None of the glazing introduces direct solar 

radiation indoors in summer so there is no environmental 
demand on occupants to draw curtains, thus blocking out 
access to daylight. If east or west glazing was to be 
provided occupants would be required to make daily 
adjustments of shading devices in summer if natural 
lighting was to be utilised for even part of the day.  
By limiting the total glazing area to approximately 20% of 
floor area, heat gains and heat losses through the glass, 

even when no blinds or curtains are provided, are not 
excessive as shown in Simulation 4. This glazing area is 
more than double the regulatory minimum area of glazing 
required for natural lighting (BCA 2004) and is typical of 
the area of glazing provided in public housing for the 
aged. In addition, the size of any one glazing panel can 
be limited to a maximum size of 2.1 metres high by 2.1 
meters wide, thus controlling the investment and 
maintenance costs of window coverings for privacy. The 

limited size of openings also reduces the difficulty of 
opening and closing curtains. 
Although the energy efficiency requirements in the 
building regulations generally require that external walls 
in temperate climatic zones such as Perth have a 
minimum total insulation level of R1.4, walls that have a 
surface density of at least 220kg/m

2
 are exempt from this 

insulation requirement. This exemption is based on the 

ability of walls with high thermal mass to slow down heat 
transfer through conduction in mild climates (CSIRO 
2000). This means that established forms of construction 
such as cavity brick walls are not required by regulation to 
incorporate insulation. However, computer simulations 
show that mean temperatures in a 64 square metres 
medium density dwelling can be reduced by 0.2 K in 
summer and increased by 0.8 K in winter if R1.0 

insulation is incorporated in cavity brick walls (Karol 
2003).  
Finally, Simulation 4 shows that acceptable temperatures 
in still air in summer cannot be achieved in small, medium 
density dwellings, even if natural ventilation is utlized 
throughout the night. Having identified that security 
concerns inhibit the use of natural ventilation particularly 
at night in housing for the aged anyway, it is apparent that 

a fan is required to maintain personal comfort on those 
occasions in summer when indoor temperatures exceed 
27.4°C. In periods of high relative humidity (though 
infrequent in Perth) some personal discomfort will be 
experienced.  
The results of Simulation 4 can be expressed as design 
parameters for glazing and passive solar heating. These 
parameters have been developed as performance 
provisions, as well as prescriptive design solutions for 

small buildings in a temperate climate as indicated in 
Table 3.  

 
Table 3: Design parameters for glazing and passive solar 

heating in a temperate climate 
 Funct io na l Ob j ect i ve Presc r ip t i ve D es ig n So l ut io n ( for  

lat i tud e approx.  32!S) 

1 General requirements for siting  
Each dwelling shall be sited so 
that a sufficient area of solar 
collectors can be exposed to 
direct solar gain in winter 

Each dwelling shall incorporate an external 
north facing wall  

2 General requirements for solar 
collection in a building  
Each dwelling shall be provided 
in winter with adequate areas of 
unshaded solar collectors for 
direct and indirect solar gain to 
maintain acceptable indoor 
temperatures in winter 

Each dwelling shall provide in winter unshaded: 
• indirect solar collectors on the northerly 

aspect having an area of approx. 13% of floor 
area 

• glazing areas on the northerly aspect of 
approx. 11% of floor area 

 

3 General requirements for 
protection of solar collectors and 
glazing  
Each dwelling shall have all solar 
collectors and other glazing fully 
shaded between 7.30am and 
4.30pm (solar time) during the 
three months when mean daily 
hours of sunshine are highest 

Northerly solar collectors shall be protected 
from direct solar gain in summer by a fixed 
shading system such as that shown in Figure A. 
If fixed shading devices cannot adequately 
shade glazing from direct solar radiation, 
shading devices shall be operable with a device 
that creates low environmental demand on 
occupants. 

 
Figure A 

4 General requirements for 
limitation of glazing area  
The total area of glazing in each 
dwelling shall be limited to the 
area required to provided 
adequate natural light to all 
rooms during daylight hours  

Total area of glazing shall not exceed approx. 
20% of the floor area. Glazing shall generally be 
oriented north & south. 

 

CONCLUSION  
 
The findings from these simulations suggest that the 
maximum glazing areas in the BCA ‘acceptable 
construction practice’ for energy efficiency are not 
appropriate in small, medium density housing in Perth’s 
climate. In particular the area of glazing does not 
incorporate notions of appropriateness for the more frail 
potential occupants. Findings from the simulations also 

indicate that climatically sensitive and user friendly 
design can be effective in providing acceptable indoor 
temperatures with minimal requirements for mechanical 
space heating and cooling. An effective design strategy 
for climatically sensitive and user friendly design in small, 
medium density housing, including housing for the aged, 
can provide flexibility that will not inhibit innovative design 
solutions and be considered affordable over the medium 

term. 
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ABSTRACT: Australia is considered the driest populated continent in the world. Despite this, we 
consume the largest amount of water, per capita. While little of this water is used for the operation of 
buildings, buildings are now being designed to use less water. Additionally, rainwater collection and 
grey water recycling systems offer the potential to significantly reduce demand for fresh water. 
However, little is known about the water required directly and indirectly (ie., embodied in) construction 
materials and products. Embodied water comprises the water required directly for construction itself 
and the water consumed indirectly in the production and delivery of materials, products and services to 
construction. Water required directly for construction is likely to be insignificant compared to the indirect 
water required for the manufacture of construction materials and products (ie., through materials and 
other products required to support construction). There is currently a lack of research into embodied 
water requirements by the construction sector. The relationship between the embodied water and the 
operational water is also unknown, apart from a handful of studies based solely on national average 
statistics known as ‘input-output’ data. The aim of this paper is therefore to model the water required 
directly and indirectly by construction, integrating currently available public domain industry data with 
input-output data. The coverage of the industry data relative to the input-output data was evaluated for 
a typical commercial building, and was found to be very low. 
 
Conference theme: Architecture and the environment 
Keywords: commercial buildings, embodied water analysis, input-output analysis, process water  
 

 

1. INTRODUCTION AND BACKGROUND 
 
Most of the water consumed in Australia is in agriculture 
and forestry, little being required directly for construction 
(ABS 2000). Of non-agricultural water, though, significant 
quantities are required for construction, through the 
manufacture of building materials and associated 
processes (Lenzen and Foran 2001; Treloar et al. 2004). 
While embodied energy is well known, embodied water is 
a relatively new concept. The concepts and methods 
relating to embodied energy translate well to the problem 
of embodied water analysis. For example, while the 
conservation of energy principle stands, when evaluating 
environmental impacts of energy consumption the 
availability of fuel sources needs to be considered. A litre 
of oil is more valuable as a resource than a puff of smoke 
hovering above a highway. Similarly, water vapour may 
be released from a process and returns through the 
natural water cycle, however there is no guarantee that 
that water will return to the local ecological or industrial 
systems from whence it came. So, human activities and 
their demand for water need to be considered in context 
– a litre of water in a reservoir is more valuable as a 
resource than a cloud over the Pacific Ocean.  
As we have seen with energy efficiency, the operational 
aspects of the built environment have so far received 
most attention in terms of water consumption, and duly 
so. Policy and tactics primarily dwell initially around 
demand-side issues. As researchers, professionals, 
industry and policy makers are now aware of the issue of 
embodied energy, there is a knowledge gap in many 
sectors already relating to the issue of embodied water. 
Preliminary models have shown that embodied water is 
significant (Lenzen and Foran 2001; Treloar et al. 2004). 
However, these studies to date have not included any 

specific data from individual building materials 
manufacturing industries, being based solely on ‘input-
output’ models. While these models are comprehensive, 
linking the national water account to the financial 
accounts for all Australian economic sectors (as first 
suggested by Leontief, 1966, for economic and 
environmental assessment), they are subject to errors 
when applied to individual buildings or products. 
Displacement of input-output data with industry or 
process data potentially removes these errors. If done 
according to the comprehensive input-output framework, 
then the completeness of the system boundary is 
preserved.  
 
 

stage 0 stage 1 ... 

upstream 

stage 2 stage  ! 

direct water indirect water 

direct water direct water direct water direct water 

main process products products products 

 
Source: after Boustead and Hancock 1979 

Figure 1: Embodied water analysis system boundary 
 
Due to the complexity of the input-output model, the 
scope of process data available is likely to be 
inadequate. An understanding of the input-output model 
is therefore vital to implementing these principles to the 
analysis of individual buildings. The embodied water of 
an entire building, or an item, or a basic material in a 
building, comprises direct and indirect water. Indirect 
water is used to create the inputs of goods and services 
to the main process, whereas direct water of construction 
is that used directly for the main process, whether it is 
the construction of the building, product assembly, or 
material manufacture (Figure 1). This represents an 
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incredibly complex system boundary, which defies the 
limits of resources available to such studies to fully 
quantify all inputs in terms of direct water requirements at 
all stages. As with embodied energy, the lack of industry 
data in the public domain may be more important than 
the lack of time to quantify inputs to the main 
construction process (which is usually based mostly on 
cost control exercises).  
This paper therefore begins with the premise that, as 
with embodied energy, input-output data is essential to 
the task of comprehensively assessing the embodied 
water of construction, despite the need to use as much 
process water data as possible. The process water data 
tends to be limited, so gaps need to be filled with input-
output data. This leads to a crucial research question to 
be answered in the remainder of this paper: what 
proportion of the embodied water of a typical building 
comprises process data, relative to input-output data? If 
a high proportion is found, then we can begin the next 
phase of the research, investigating potential actions to 
minimise embodied water impacts relative to other life 
cycle environmental impacts. If the proportion is low, as 
expected, then more effort needs to go to sourcing public 
domain process water data or liaising with industry to 
enable collection, assembly and transfer of this 
knowledge, if these systems are not already available.  
 

2. METHOD  
 
An input-output model of Australian direct and indirect 
water requirements was prepared for the 106 sectors, 
including ‘other construction’, using Australian Bureau of 
Statistics National Accounts and Water Accounts (ABS 
2001; ABS 2000). This application of input-output 
analysis has been demonstrated previously for energy 
analysis, but this is the first model of its type in Australia 
developed for the purpose of analysing water 
requirements of individual buildings. The input-output 
model included capital equipment and buildings from 
previous years. Imports were assumed at the same 
water intensity as local equivalents. Net water 
consumption was calculated by deducting in stream and 
in pipe discharges from supplied and self collected water. 
Recycling of water within establishments was therefore 
successfully excluded from the analysis.  
The main purpose of this paper is to investigate the 
implications of applying this input-output model to the 
analysis of an individual building through the integration 
of process data. This is not possible using traditional 
input-output models, which are treated as black boxes. 
Using an algorithm developed for tracing embodied 
energy pathways (Treloar 1997), embodied water 
pathways were extracted from the input-output model. 
The water requirements of construction were noted to be 
of similar complexity to energy requirements. Thousands 
of processes at the sector level were required to describe 
just 90% of the embodied water of construction, the other 
10% comprising extremely small processes, each merely 
a fraction of a percentage of the total water 
requirements. 
Process data for water used in Australian material 
manufacturing industries was then sourced from the 
public domain (Grant 2003) and gaps in these system 
boundaries were filled with input-output data to give a 
process-based-hybrid analysis database of total water 
intensities for materials. This method has been 
demonstrated for embodied energy analysis in Treloar et 
al. (2001b).  
The proportion of the total water requirements for 
materials comprised by process data was then 

calculated, as demonstrated in Table 1 for 32 MPa 
unreinforced concrete. Water is used in the mixing of 
cement and aggregate to make concrete, typically 
around 150 litres per m

3
 of concrete. Additionally, water 

is used in washing of equipment, and in various 
processes upstream including the manufacture of 
cement and aggregate. The total water consumed in the 
process for which industry data was available was 
6.78 kL/m

3
 of 32 MPa concrete. According to the input-

output model, however, the total embodied water is 
7.15 kL/m

3
. One cannot simply say that the additional 

data provided by the input-output model is the difference 
between these figures (ie. 0.37 kL/m

3
). This is the crucial 

step in the method – that the components of the input-
output model for which process data was obtained are 
systematically removed from the input-output model, 
through the deduction of those embodied water 
pathways that represent the same system boundary as 
the process water data covers. The sum of the relevant 
water pathways was subtracted from the input-output 
total water intensity for 32 MPa concrete, leaving the 
remainder as a lump sum (ie., 6.37 kL/m

3
, which is 

substantially greater figure than the difference between 
the process and input-output values noted above: 
0.37 kL/m

3
). This remainder was simply added to the 

process data (6.78 kL/m
3
) to give the total input-output-

based hybrid analysis total water intensity (13.2 kL/m
3
). 

Thus the enormous complexity in the part of the input-
output model for which no process water was available 
did not need to be dealt with piece-meal; it could be 
treated as a black box (but, it is argued, in a more 
sophisticated way than previous input-output models). 
This black box can be analysed further, to investigate 
potential problems in leaving it untreated. The proportion 
of process data was easily calculated, by dividing the 
process component by the input-output-based hybrid 
analysis total, as demonstrated in Table 1 (51.5%).  
 

Table 1: Input-output-based hybrid analysis of water 
embodied in 32 MPa concrete 

Process Embodied water (kL/m
3
 of concrete) 

Process data*  

Concrete slurry 0.20 
Cement 3.73 
Aggregate  2.0 
Raw Blend 0.85 
Sub-total 6.78

a
 

Input-output data 

Direct water intensity 0.18  
Total water intensity  7.15

b
  

Pathways covering process data 0.37
c
 

Remainder (b – c) 6.37
d
 

 TOTAL (a + d) 13.2 
Proportion of process data (a / d) 51.5% 

* Source: adapted from Australian industry data (Grant, 2003). NB, 
columns may not sum due to rounding. 

 
As a measure of the reliability of the input-output model, 
one can compare the direct water intensity from both 
process and input-output sources for 32 MPa 
unreinforced concrete: 0.20 and 0.18 kL/m

3
, respectively. 

While this comparison is rather reassuring in isolation, 
the general comparison between the sum of the indirect 
process data and relevant input-output model data for 
the same processes is not as reassuring: 6.58 and 
0.19 kL/m

3
, respectively. There are a number of possible 

explanations for this discrepancy, but none are powerful 
enough to remove the imperative to use the input-output 
model for scoping and filling gaps in the process data, 
due to a lack of any other source of this information.  
This method was repeated for a range of other 
construction materials, as commonly done for embodied 
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energy analysis. Generally, little process water data was 
available, compared to that available for embodied 
energy. Therefore a low percentage of the total hybrid 
figure is expected to comprise process water data. 
 
2.1 Case study – commercial building 
A medium size commercial building was analysed to 
demonstrate the impact of the availability of process 
data, relative to the profile of materials typically used (ie. 
as opposed to comparing materials based on unit rates). 
This is important to do, because time should not be spent 
developing process data for materials that are not used 
in large quantities. This case study is intended to be an 
initial investigation only in this regard, for the purpose of 
demonstrating the implications of the current lack of 
process data. Future work will extend the breadth of case 
studies, covering different building types and 
construction methods (while still comprising a bottom up 
approach), and also will consider basic input-output 
analysis of the construction sectors and ABS data in 
terms of the quantities of building materials and products 
consumed nationally each year (ie. top down 
approaches). 
The building selected has been analysed previously in 
terms of embodied energy (Treloar 1996; Treloar et al. 
2001a). It is a 15 storey commercial building located in 
Melbourne, Australia. It comprises 47 000 m

2
 of gross 

floor area and just 25 000 m
2
 of net lettable area. The 

front half of the building is 8 storeys, the rear half is 15 
storeys, and the building has three basements. The 
basements and the back half of the first three floors are 
used for car parking. An eight storey glazed cylinder 
defines the principal corner of the building. At the fifth 
level of the front half of the building a balcony is 
expressed and part of the ground floor comprises shops. 
The road frontage is oriented east of north-east. The 
reinforced concrete structure and level of finishing are 
typical of office buildings from this region. The building is 
clad in precast concrete, aluminium framed curtain 
walling and granite veneer panels at ground level.  
The six stages of an energy analysis defined by the 
International Federation of Institutes for Advanced Study 
(IFIAS 1974) were applied to the case study office 
building and adapted for hybrid embodied water analysis 
as follows: 
1 Define aims of task 
The aim of the task was to quantify the water required 
directly and indirectly for the construction of the building.  
2 Define the system boundary  
The system boundary of the analysis was defined 
economically. If a material or product was purchased, it 
was included. The input-output model does this 
automatically for inter-sectoral transactions, as discussed 
above, so the additional effort this system boundary may 
create relative to a physical system boundary minimal. 
The indirect water requirements were expected to be 
much more significant than the direct water 
requirements, based on input-output analysis work and 
previous studies on embodied energy, as noted above.  
3 Identify all inputs  
For most items expected to be important, the Bill of 
Quantities gave quantities which were disaggregated 
down to basic materials. Other items in the Bill of 
Quantities needed to be broken down further, requiring 
reference to the building itself and the documentation for 
the building, including the specification, the architectural 
drawings and other consultant and shop drawings. It was 
often necessary to assume sizes of components in 
mechanical systems, based on trade literature of 
similarly described products. The material and product 

quantities were able to be cross-tabulated by material 
and element, as is normally done in a Bill of Quantities 
for benchmarking purposes. 
4 Calculate water requirements of all inputs  
Building material water intensities were derived as noted 
above, incorporating process and input-output data (in a 
process-based-hybrid analysis). The total water 
embodied in the building materials was then calculated 
by multiplying the quantities of basic building materials 
by the building material water intensities. Further 
processes not covered by this were included by 
deducting the pathways covered by all the process data 
from the input-output model figure for the Australian 
‘other construction’ sector, and adding the remainder to 
the process based-hybrid analysis total (ie., comprising 
an input-output-based hybrid analysis, as demonstrated 
for embodied energy in Treloar et al. 2001b).  
5 Identify all outputs 
The only defined output of the process was the building 
itself. 
6  Establish criteria for partition 
The indirect water requirements were assigned solely to 
the building. No partitioning was required. 
 

3. RESULTS AND DISCUSSION 
 
The results for the input-output model for the Australian 
‘other construction’ sector are presented and discussed 
in this section. Figure 2 shows how complex the 
embodied water pathways in the input-output model are. 
It is intended as a ‘horror gram’. The x-axis gives the 106 
sectors of the Australian economy, grouped for 
convenience. The diagonal y-axis shows upstream 
transactions, for example the ‘other construction’ sector 
at stage 0, which requires concrete at stage 1 and 
cement at stage 2. The vertical z-axis gives the 
proportion of the total water intensity, in 10% increments. 
The model depicts 418 pathways, which cover only 
25.0% of the total water intensity of 22.1 kL/$1000. The 
other 75% of the model is given by processes which are 
all smaller than those shown. The direct water intensity 
was only 0.28 kL/$1000, representing just 1.34% of the 
total water intensity from the pure input-output model. 
The input-output model in terms of kL/$1000 was applied 
to the case study building by assuming a price of 
$1500/m

2
 of gross floor area (GFA). The appendix lists 

the top 54 embodied water pathways, indicating those 
deducted in the hybrid analysis to make way for process 
water data. 
Table 2 presents the results of the analysis for the case 
study, showing that Australian process water data covers 
less than one fifth of the comprehensive system 
boundary defined by the input-output model. This is a 
much smaller percentage than found previously for 
embodied energy (approximately 50%, Treloar et al. 
2001b, admittedly using a less complex input-output 
model not incorporating capital). Clearly, more process 
data from industry needs to be derived than is currently 
available in the public domain. Further data may be 
available than has been entered into the Australian 
database within SIMAPRO, possibly because water has 
only recently been defined as a crucial issue. There has 
not been enough time to secure adequate industry-based 
or research funding required for this type of task. 
A crucial aspect to this analysis is determining where the 
data gaps are for typical buildings, relative to the 
amounts of materials typically used. By analysing the 
results in terms of materials and elements, more can be 
gleaned to inform future investigations and data 
collection efforts. Figure 3 gives the breakdown by 
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material group for the case study building, showing 
where the process data was available. The process 
water data proportion for 32 MPa unreinforced concrete 
is evident in the ‘masonry’ group, which has achieved an 
average proportion only slightly below this. Clearly, more 
process water data is required urgently for all materials 
and products, including those in the masonry group, but 
particularly those that comprise larger proportions of the 
total embodied water, including also ferrous metals and 
non-ferrous metals. The ‘other’ items group was fourth 
most important; however, given that the total for these 
items was calculated by deduction from the input-output 
model, work to derive direct water intensities for these 
processes may be in vain unless more data is typically 
collected to buildings over and above what is done for 
cost control in standard methods of building 
measurement.  
Seeing how these materials are distributed throughout 
the building elements can also be useful, to determine 

whether buildings need to be measured differently to 
take account of the current issues with regard to 
embodied water. Figure 4 shows the breakdown by 
element group. As to be expected, the most important 
elements of the building of those that are typically 
quantified in a Bill of Quantities in terms of embodied 
water (which were also high in embodied energy) were: 
structure, services and finishes. In this case, due to the 
relative dominance of the structure group of elements, 
the relative significance of the ‘other’ items group 
increases relative to the other element groups: it is now 
the third most important group, greater than finishes. 
However, it is difficult to justify spending time validating 
those items when so many gaps currently exist for 
materials and products that are typically quantified in a 
Bill of Quantities or similar cost control exercises in 
industry. 

 
 

Figure 2: Embodied water model for the Australian ‘other construction’ sector, 1996-7 
NB The appendix lists about one tenth of these embodied water pathways, sorted in descending order. 
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Table 2: Input-output-based hybrid analysis of water 
embodied in commercial building case study 

Process Embodied water (kL/m
2
 of gross floor area) 

Process data for materials 7.1 
Input-output data used to fill upstream gaps 24.2 
Process-based hybrid analysis data total 31.3 
Input-output data for ‘other construction’ sector 
Direct Water Intensity 0.446 
Total Water Intensity  33.2  
Pathways covering process data 28.0 
Remainder  5.2 
 TOTAL  36.5 

Proportion of process data 19.4% 
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Figure 3: Embodied water analysis by material group for 

commercial case study building (kL/m
2
 GFA) 

 

0.00

4.00

8.00

12.00

16.00

20.00

s
tr

u
c
tu

re

g
ro

u
p
 

fi
n
is

h
e
s

s
u

b
s
tr

u
c
tu

re

ro
o
f

fi
tm

e
n

ts

s
e
rv

ic
e
s

e
x
te

rn
a
l

d
ir
e
c
t 
w

a
te

r

o
th

e
r 

it
e

m
s

input-output

process

 
Figure 4: Embodied water analysis by element group for 

commercial case study building (kL/m
2
 GFA) 

 

CONCLUSION 
 
The aim of this paper was to model the water required 
directly and indirectly by construction, using currently 
available public domain industry data. The direct water 
intensity was shown to represent just 1.34% of the total 
water intensity from the pure input-output model. 
Therefore, the indirect water requirements from 
construction are extremely significant. Of these, most of 
the input-output model cannot be substituted with 
available public domain process water data. The 
evaluation of the coverage of industry data relative to the 
input-output data has shown the Australian process 
water data covers less than one fifth of the total water 
requirements represented by the input-output model. 
This result strengthens the need for the collection of 
more process data from industry. This may also involve 
liaising with industry to enable assembly and transfer of 
this knowledge.  
Further research includes applying the methods outlined 
in this study to a greater breadth of case studies, 
covering different building types and construction 
methods to enable a more accurate representation of the 
direct and indirect water requirements from construction, 

and enabling the targeting of particular materials 
manufacturers from which process data is required 
urgently. Error analysis of the input-output model would 
also suggest strategic targeting of industries for which 
the input-output model was least accurate. In the future, 
the hybrid model could be used also to value water 
resources differently, to enable more sophisticated 
questions to be answered. For example, in the current 
model, in stream discharges are deducted from 
consumption, however, these may involve disturbance of 
ecological systems. A more sophisticated model which 
differentiates between straight consumption (ie. 
evaporation) and other lesser environmental impact (ie. 
discharge of water used for process cooling) would be 
even more valuable to government and industry.  
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Appendix  -  Pathways in the input-output model for the case study building (kL/m
2
 GFA) 

 

 Stage 1  Stage 2  Stage 3  

0.7027 Cement, lime & concrete slurry Rail, pipeline & other transport  
0.6698 Rail, pipeline & other transport   
0.6393 Other mining   
0.4960 Other agriculture   
0.4456 Direct water required by ‘other construction’   
0.4402 Services to transport; storage   
0.4169 Road transport   
0.3048 Iron & steel Rail, pipeline & other transport  
0.2267 Cement, lime & concrete slurry Other mining  
0.1876 Cement, lime & concrete slurry Road transport  
0.1718 Wholesale trade Services to transport; storage  
0.1050 Other wood products   
0.1006 Structural metal products   
0.0918 Iron & steel   
0.0771 Fabricated metal products   
0.0726 Cement, lime & concrete slurry   
0.0449 Sawmill products   
0.0428 Wholesale trade   
0.0424 Plaster & other concrete products   
0.0408 Electronic equ.   
0.0254 Structural metal products Iron & steel  
0.0209 Iron & steel Iron & steel  
0.0203 Other electrical equ.   
0.0185 Other electrical equ. Basic non-ferrous metal & products  
0.0183 Other machinery & equ.   
0.0181 Furniture   
0.0147 Fabricated metal products Iron & steel  
0.0137 Other machinery & equ. Iron & steel  
0.0134 Glass & glass products   
0.0121 Motor vehicles & parts; other transport equ.   
0.0118 Structural metal products Structural metal products  
0.0112 Other non-metallic mineral products   
0.0110 Sheet metal products   
0.0108 Electronic equ. Electronic equ.  
0.0103 Motor vehicles & parts; other transport equ. Iron & steel  
0.0094 Structural metal products Basic non-ferrous metal & products  
0.0091 Ceramic products   
0.0079 Fabricated metal products Basic non-ferrous metal & products  
0.0079 Cement, lime & concrete slurry Cement, lime & concrete slurry  
0.0077 Other construction   
0.0067 Paints   
0.0058 Mechanical repairs   
0.0051 Agricultural, mining & construction machinery   
0.0044 Plastic products   
0.0043 Other property services   
0.0037 Motor vehicles & parts; other transport equ. Motor vehicles & parts; oth. tran. equ.  
0.0035 Scientific research, technical & computer services   
0.0028 Electronic equ. Electronic equ. Elec. equ. 
0.0025 Other electrical equ. Other electrical equ.  
0.0022 Accommodation, cafes & restaurants   
0.0021 Household appliances   
0.0014 Legal, accounting, marketing & bus. man. services   
0.0013 Other property services Other property services  
0.0003 Other business services   
5.6376 Sub-total (17.0% of input-output total water)   
27.518 Others not listed above (83% of total)   
33.156 Total water intensity from input-output model   

 
Pathways assumed to be covered by the process data have a shaded background. These do not necessarily sum to 
the figure in Table 2, due to the large number of processes encapsulated in the ‘others’ line above, which are too 
numerous to list here. 
 
The figures from the input-output model for the Australian ‘other construction’ sector have been related to the case 
study building by assuming a price of $1500/m

2
 of GFA.  
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ABSTRACT: This paper summarises one of the preliminary stages of a Building Energy End-use 
Project carried out at the Victoria University of Wellington, School of Architecture and Design. It is a 
pilot study for an investigation of the end uses of energy in non-residential buildings. The full study has 
been scoped as a combination of data derived from National Energy Statistics, National Statistics on 
building size, the Database of Energy Audits maintained by the Energy Efficiency and Conservation 
Authority (EECA) and detailed monitoring studies of end uses of energy in a few carefully selected 

buildings. The goal of the work described here was to determine how monitored data might supplement 
the information derived from energy audit information of the type held in EECA's database. A small 
section of the building was monitored to investigate the nature of the data gained. The results of the 
small scale study were also extrapolated to explore the likely outcomes of monitoring at full scale level.  
It was determined that in-depth monitoring needn't be carried out on a full scale basis, but should be 
used to answer questions arising from energy audits and PROBE studies. 
 
Conference theme: Architecture and the environment 

Keywords: energy use, commercial buildings 
 
 

1. INTRODUCTION 
 
New Zealand’s National Energy Efficiency and 
Conservation Strategy (NEECS) identifies the need for a 
Building Energy End-use Project (BEEP), an 
investigation into the energy consumption patterns of 
commercial buildings.  It is hoped that such a study 

would provide a similar understanding of the energy use 
and service provision currently available with regards to 
residential buildings, and that this knowledge could then 
be applied to policy development in the area.  A scoping 
study for BEEP was carried out by the Centre for 
Building Performance Research (CBPR) for EECA in 
2003.  Due to the varied nature of commercial building’s 
size and type the same representative sampling and 
analysis used in residential studies would be prohibitively 

expensive.  The scoping study proposed a research 
methodology designed to reduce costs and take 
advantage of existing sources of information such as 
energy audits and BMS records.  This report is a 
continuation of the project to a preliminary level using the 
Victoria University of Wellington’s School of Architecture 
and Design as a case study.  A test area is studied in 
detail to clarify what can be learned from in depth 

research, and how this information may be used to 
confirm energy audit estimates of energy end-use and 
distribution. 
 
1.1. BEEP 
It is hoped that BEEP will allow EECA to understand 
non-residential building energy policy implications in a 
way similar to the understanding of the residential market 

gained through the Household Energy End-use Project 
(HEEP).  The ultimate objectives and applications of the 
findings of BEEP were outlined in the Scoping Study as 
those required to: 
(i) Construct a proposal for the development of a Building 

Energy Rating Scheme (BERS) that genuinely 
addressed the energy use of commercial buildings. 

(ii) Advise Property Council of New Zealand members of 
the energy use implications of their different quality 
ratings of buildings. 

(iii) Develop appropriate tools for policy makers to enable 
them to focus on the significant drivers of energy use in 
the commercial sector. 

(iv) Understand the likely impact of the introduction of 
Minimum Energy Performance Standards (MEPS) for 
appliances in commercial buildings. 

A study which adapts conventional statistical survey 
techniques to collect enough meaningful information to 
meet the above objectives is likely to be expensive.  The 
HEEP project is in its final year of monitoring and has 
already cost several million dollars.  EECA currently has 

concerns about the costs of similar detailed monitoring of 
a representative sample of non-residential buildings.  
The proposed BEEP process (Wilks, Donn & Baird, 
2003) is designed to minimise these costs.  However, 
before embarking on a full scale project EECA wished to 
know what further information the detailed monitoring 
portions of BEEP was likely to produce.  Of particular 
interest was how these studies fitted with the information 

currently available in the EECA database of energy 
audits carried out under their Energy Audit Grants 
Scheme. 
This study focuses on collecting indicative data from a 
detailed study with the aim of investigating the benefits 
and likely advancement of knowledge gained through 
this study compared with that available from more 
general, higher level information.  This was to enable 

EECA to better understand what sort of data an in depth 
study of a buildings energy use would produce, and how 
the findings of such a study could be applied.   
 

2. INVESTIGATION 
 
In order to find the benefits of a detailed building energy 
study a small scale test was carried out using the Victoria 
University of Wellington Schools of Architecture and 
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Design at 139 Vivian Street in Wellington.  In addition to 
a previous energy audit the CBPR had also carried out a 
PROBE (Post-Occupancy Review of Buildings and their 
Engineering) study of the building which provides 

valuable information with regards to service delivery and 
occupant’s evaluations of the environment delivered by 
the building services and other systems. 
 
2.1. Description of Test Area 
For practical and funding reasons only a section of one 
floor could be studied.  The selected area was a 688m

2
 

section of the second floor on the North-East corner of 

the building.  This area is made up of both staff offices 
and student studio space.  All areas have openable 
windows to allow some level of daylighting and natural 
ventilation.  In the larger studio spaces some conditioned 
air is also provided to supplement the air from the 
windows.  The studio, staff and seminar rooms also use 
the central services for heating. 
 

2.2. Data Sources 
The study made use of four methods of data collection; a 
summary of the information contained within the energy 
audit database (and the buildings energy audit 
specifically), actual measured data of the electricity and 
gas consumption, sensor readings and hours run data 
from the buildings BMS, and the results of a PROBE 
study previously completed on the building as a source 

of information regarding occupants perceptions of 
service delivery. 
 
2.2.1. Energy Audit Database 
Currently the database contains the details of over ninety 
buildings of all types, of which 32 are commercial office 
buildings.  The database contains information on the 
energy end-uses of all buildings audited, details of each 
building such as size, location, type and energy split by 

end-use.  Also included in the database are the areas or 
end uses where the most valuable and/or easiest energy 
savings have been recommended.  This gives an 
indication of areas where significant potential savings 
could be made through a general application to other 
buildings.  A summary report of all the above for 
commercial buildings was produced and analysed as to 
its suitability to general application. 

 
2.2.2. Measured Data 
Electricity usage within the test area was monitored 
using current clamps.  Wiring and lighting diagrams of 
the test area were attained and relevant circuits selected 
for clamping.  Monitoring equipment was in place for two 
weeks measuring the total current drawn on each circuit  
Plug loads in the studio was expected to be minimal as 

the only power usage is for small portable stereos.  Plug 
loads in the offices was expected to be significantly 
higher with each office having at least one PC, plus 
additional small appliances and peripherals.  Several 
appliances are present in the staff room namely; a fridge, 
microwave and water cooler.  There are also two small 
under-bench hot water cylinders servicing sinks in the 
staffroom and studio respectively and an additional 

instant water heater in the staffroom for hot drinks. 
The open studios in the test area have some service 
delivered by the buildings central heating and ventilation 
system.  Clamps were placed on the AHU’s to monitor 
their usage, while a thermocouple recorded when the 
boiler was running.  Furthermore, the building’s gas 
meter was read manually daily at 8am and 5pm.  The 
assumption was made that all parts of the building are 
heated equally therefore, the proportion of the total 

heating and ventilation energy attributed to the test area 
was calculated simply on the basis of floor area.   
The levels of service delivered to the test area by the 
energy sources were measured in terms of lux levels for 

lighting, and temperature for internal conditions.  
Illumination levels were measured manually according to 
standard procedural guidelines.  The internal conditions 
in the offices along the eastern wall were assumed to be 
similar; therefore temperature (and humidity) was 
monitored in one office only. 
 
2.2.3. BMS Data 

In addition to the measured data recorded some data 
was taken from the BMS to investigate the possibility of 
any discrepancies or error in the BMS’s logging system.  
The hours run for the boiler was recorded.  Also the level 
of service achieved by the heating system was monitored 
using an existing BMS sensor.  The sensor recorded 
temperature in the main studio space at fifteen minute 
intervals.  External temperatures were also monitored 

using the BMS supply air temperature sensor. 
 
2.2.4. PROBE Study 
The PROBE study was not part of the original project, 
the results have been added to the original research 
design in order to examine the question of service 
delivery.  Obviously saving energy by turning everything 
off is never an option as the occupants still require a 

minimum level of comfort.  The PROBE study was 
carried out by the CBPR in 2003 and, due to the nature 
of the building use and the fact that there has been no 
real change in building operation since this time, the 
information held in the report is believed to be relevant to 
this study. 
 

3. FINDINGS 
 
3.1. Energy Audits 

Summary reports of the energy audit database and a 
copy of the energy audit of the building were obtained 
and analysed for relevant information.  With regards to 
the database, only commercial office buildings were 
looked at in detail, although the database does contain a 
small number of audits on tertiary education buildings it 
was felt that the sample was not representative enough 
at this stage to allow meaningful comparison with 139 
Vivian Street at this stage. 

  
3.1.1. Energy Audit Database 
According to the EECA database the average 
commercial office building uses 1,776,309kWh of energy 
per year from all sources.  While the database revealed 
the main energy sources are electricity followed by gas, 
there was no way of investigating the uses for each 
energy source from the data received.  It can be 

assumed that gas, oil and coal would be used principally 
for space heating, and more obviously electricity for 
lighting and office equipment, but it would be much more 
desirable to be able to draw definitive conclusions. 
Common recommendations which have brought 
reasonable cost savings have been related 
predominantly with HVAC systems, in particular the 
improvement of controls and reduction of setpoints.  In 

some cases auditors have recommended 
recommissioning the building.  Other successful 
recommendations have been associated with lighting 
schemes, the building envelope and in management 
(which are improvements in behaviour and billing rather 
than the energy performance of the building. 
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3.1.2. Energy Audit of 139 Vivian Street 
The energy audit of 139 Vivian Street carried out by 
Energy Solutions Limited found that the building used a 
total of 1,776,672kWh/yr.  This equated to an EUI of 

159kWh/m
2
yr.  This is not only below the average for 

commercial New Zealand buildings (typically 
200kWh/m

2
yr) but also below the Australasian 

Universities benchmark of 167kWh/m
2
yr.  The total 

energy consumption was divided up by end use as per 
Table 1 below. 
 

Table 1: Distribution of energy by end use – 139 Vivian St. 

End use Energy Use (kWh/yr) % of total 

Gas heat 
Lights 

Equipment 
HVAC 
Lifts 

591,195 
661,493 

157,567 
365,556 

861 

33.3 
37.2 

8.9 
20.6 
0.1 

Totals 1,776,672 100.0 

 
The audit identifies several areas for possible savings 

mainly involving alterations to the ventilation systems 
and procedures, and turning off lights and computers.   
Daily load profiles identified that the building had a high 
base load throughout the night.  The auditors assumed 
that this was because studio lights and PC’s were left on 
overnight, everynight.  Other assumptions were made 
regarding occupancy and building operation however no 
further in-depth analysis of the building use was carried 
out, or testing to see if the building was actually following 

BMS instructions.   
Such detailed study in order to clarify or test assumptions 
is beyond the scope of a level two energy audit, as is 
measuring the level of service delivery.  Both these 
issues have to be addressed using actual measured 
data. 
 
3.2. Measured and BMS Data 

Measured data was collected by Energy Solutions 
Limited.  The power consumption of the two air handlers 
was measured however due to a problem with the 
equipment one AHU appeared to be drawing 70 Amps 
throughout the whole monitoring period.  This was likely 
to have been caused by a faulty connection between the 
logger and the CT.  At the time of installation and 
removal the AHU was seen to be drawing 17 Amps.  To 

further compound the issue the remaining AHU was not 
running properly and kept dropping a phase. This AHU 
only ran for a short time during the test period.   
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Figure 1: Comparison between actual and BMS boiler hours of 

operation. 

 
A thermocouple suspended near the boiler took 
temperature readings within the plantroom, while logs of 

boiler usage were recorded from the BMS.  Figure 2 
shows both data sources, the stepwise off/on switching 

of the BMS logs and the more fluid, yet still very definite, 
temperature records.  The boiler can be seen to have run 
intermittently for the first few days then most working 
hours for the remainder of the period. 

One of the most significant grey areas arising from the 
energy audit of the building was the number of hours the 
lights and PC’s were left on.  The results of the power 
consumption measurements are shown in Figures 2 and 
3 (next pages).  Figure 2 shows the studio lighting while 
Figure 3 shows the power consumption of the office 
lighting and computers. 
Note that the lighting circuit labelled ‘Studio 2’ consists of 

the lights closest to the windows, while the circuit ‘Studio 
1’ is the furthest away from any natural light.  The hours 
of use of the office lights and equipment follow an 
obvious ‘9 to 5, Monday to Friday’ style pattern (the 5-7

th
 

of June was a long weekend).   
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Figure 2: Studio lighting load. 

 
The power consumption from hot water use was also 
monitored.  The data does not graph clearly due to the 

off/on switching of the hot water cylinders.  It was found 
that there were no large breaks in operation where 
cylinders have been turned off overnight or for the 
weekend. 
The remaining measurements were made to assess the 
level of service delivery to the test area.  Lighting levels 
were measured in the main studio.  The illuminance was 
found to range from 585 – 250lux, with an average of 
433lux.  The minimum level of illuminance according to 

New Zealand Standard 6703:1984 for an educational 
space is 500lux.  Clearly the lighting level in the studio is 
below standard.  The lighting power density in the studio 
is around 9.5W/m

2
, well below the minimum level of 

18W/m
2
 set by New Zealand Standard 4243:1996 for an 

‘other educational establishment’ (ie: not a school).  This 
implies that extra lighting could be added to the space to 
raise illumination levels without pushing the lighting 

power density above the minimum level. 
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Figure 3: Office lighting and plug loads. 
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Measurements of temperature and humidity were also 
made in a vacant office (which was still being 
conditioned) using a thermohygrograph, while the BMS 
was used to record temperatures in the studio area.  

External temperatures were measured using the BMS 
supply air temperature sensor (the BMS keeps no record 
of humidity).  The traces are reproduced here in Figure 4. 
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Figure 4: Comparison between measured and BMS 

temperatures. 

 
It can be seen that for the most part the temperature is 

reasonably stable, varying by only a few degrees overall.  
This indicates that the building, through its structure and 
services, performs very well at maintaining a fairly 
constant temperature.  The dip in the temperature trace 
around the 7

th
 of June corresponds with the period the 

buildings heating system was turned off (visible in Figure 
1). 
Note that the internal temperature is recorded by a 
sensor within the studio space rather than an office as 

above.  The heating set point for the studio is 21
o
C.  The 

trace can be seen to be higher than the set point for most 
of the duration while never getting excessively hot.  
Temperatures appear to be very stable, particularly 
throughout for the first week. 
 
3.3. PROBE Study 
The standard PROBE survey (with additional sections 

related to interruptions and journey to work) was 
administered to 68 staff members, while 324 students 
replied to an abbreviated survey covering design, 
comfort and productivity.  These sections give the most 
valuable feedback with regards to service delivery.  
Overall the building rated reasonably well but still has 
scope for improvement. 
Most staff members work in their own offices and 

consequently the responses reflect only their perceptions 
of their immediate conditions rather than that of the 
building as a whole.  One issue raised concerning the 
whole building was that the air quality was felt to be 
stuffy and dry with a slight odour (it must be noted that 
the fresh air intakes for the building are nearby an 
adjacent coffee roasting house, consequentially the 
building can smell strongly of roast coffee in a 

southerly!).  In addition it was felt that the internal 
temperature in both summer and winter was too hot. 
This heat and stuffiness was blamed for a feeling of 
tiredness and lack of productivity in many comments 
from the occupants.  Overall it was felt that the ventilation 
rate was too low and more fresh air should be brought 
into the building, especially in work areas with no 
external windows.  This is interesting as one of the 
recommendations in the energy audit was to actually 

reduce the amount of fresh air during winter.  Clearly this 
recommendation, while decreasing energy costs, could 
worsen an existing (perceived) source of concern.  This 

is an example of the undesirable situation where energy 
efficiency may come at a cost to user comfort.  Given 
that occupants reported being too hot a more suitable 
recommendation may have been to simply reduce the 

heating set point. 
Staff members also felt that the building relied too much 
on artificial lighting, particularly those in work places 
without any external windows.  Those occupants with 
windows however complained of glare at some times of 
the day, and those on the west façade felt their offices 
overheated in the afternoon. 
The students represent a more transient type of building 

user as they are not wholly confined to one room.  While 
many of the salient points brought up in the students 
responses were the same as those from the staff (eg: the 
same general complaint of the air being hot, stuffy and 
inducing drowsiness), some issues raised were only 
applicable to certain areas which staff members had little 
experience of conditions. 
In several areas throughout the school, namely the 

student computer labs and one of the lecture theatres, it 
was felt that the internal temperature was either too cold 
when the air conditioning was on, or too hot and stuffy 
when it was off.  Students also complained about the 
overuse of artificial lighting and the relative lack of 
natural light in internal spaces.  Interestingly, students 
felt that studios in particular were overlit and suffered 
from glare from the fluorescent lighting.  While some 

individual comments stated that task lighting had to be 
used when at a drawing board the majority of the 
responses contradicted the suggestion from Section 3.2 
and NZS6703 above that the studio was underlit (note 
that being underlit and being below standard are 
arguably not the same thing). 
 

4. ANALYSIS 
 
The findings above provided insights into how the test 

area operates and uses energy from several sources and 
viewpoints.  In order to develop this knowledge further 
the data must be examined to greater detail, and 
comparisons made between various sources. 
 
4.1. Measured and BMS Data 
Temperatures and central plant were both measured and 
monitored using the BMS.  External and studio 
temperatures were recorded from the BMS while 

temperatures were recorded using a thermohygrograph.  
It was believed that the thermal performance of each 
space would not differ considerably as both spaces are 
heated by the same central services and have little in the 
way of thermal separation between them.  It can be seen 
in Figure 4 that while the two temperatures follow the 
same pattern, the office temperature is consistently 
around four degrees lower than the temperature in the 

studio.  This difference in temperature was not noticed 
during the installation or upkeep of the 
thermohygrograph, though a dip in recorded temperature 
can be seen at the start of the green trace where the 
thermohygrograph was moved from the studio (where it 
was calibrated) into the office.  Other explanations for the 
temperature difference could be that the BMS is 
recording temperatures systematically high, either 

through an error in calibration or because the sensor is 
close to source of heat such as a light. 
Comparisons can also be made between the 
measurements made of boilers hours of operation and 
the times when the BMS thinks the boiler is running.   
Unfortunately, due to the problems with the readings on 
one AHU and the other AHU experiencing faults, these 
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results were not analysed further.  As shown in Figure 1 
above the boiler runs in accordance with BMS 
instructions, however 139 Vivian Street is a well 
maintained and managed building and this may not be 

the case generally. 
 
4.2. Measured Data and Audits 
The measurements taken allowed the energy balance 
determined by Energy Solutions to be refined as below.  
Note that while the energy balance from the audit applies 
to the annual energy use of the whole building, the 
energy balance derived from the measured data only 

applies to the test area for the duration of the test period.   
The most notable difference between the two sets of 
numbers is the increase in the heating energy.  A large 
part of this difference is due to the test being carried out 
during the heating season, while the audit refers to the 
proportion of energy use over the whole year. Not only 
does this make the proportion of heating energy seem 
artificially high, but also the other end-uses artificially low 

through this period. 
 
Table 1: Energy balance from audit (Energy Solutions Limited) 

and measured data. 

End-use Energy use 

(audit) 
[%] 

Energy use 

(measured) 
[kWh] 

Energy use 

(measured) 
[%] 

Gas Heat 

Lights 
Equipment 
- computers 

- hot water 
- miscellaneous 
HVAC 

Lifts 

33.3 

37.2 
8.9 

 

 
 

20.6 

0.1 

4254 

998 
(391) 
234 

125 
31 
273 

N/A 

71.9 

16.9 
(6.6) 
4.0 

2.1 
0.5 
4.6 

N/A 

Totals 100.0 5917 100.0 

 
Also the HVAC figure is vastly different.  This would have 
been partly due to fact that only one AHU was 
functioning at the time of monitoring, but also that the 
HVAC total for the audit includes several isolated air 
conditioning units used to condition computer labs and 
lecture theatres not included in the test area. 
The least explainable difference is in the figures for 

lighting.  Although the monitoring largely confirmed the 
assumption made by Energy Solutions that the studio 
lights were left on overnight, the relative proportions are 
vastly different.  This difference may only be due to the 
seasonal difference, or it could be that there are other 
more light intensive areas within the building where the 
occupants have even poorer switching habits. 
 

4.3. Energy Audit Database 
The energy audit database held by EECA contains some 
valuable information which can be applied to buildings of 
each type separable by SIC codes.  As the number of 
audits making up the database increases so too does the 
accuracy and applicability of the information available 
through a more representative sample of each building 
type.  While the database summary quoted above gives 
an indication of likely energy end-uses and provides a 

base for policy advice on a broad national scale, it 
suffers from the same limitations as an individual audit, in 
that the information is based on assumptions which go 
largely untested. 
The database is further limited by being only as accurate 
as the audits contained within it.  Energy audits are 
carried out under New Zealand Standard 3589:2000 
which can at times be ambiguous as to what is exactly 

demanded from an energy audit of any level.  In the case 

of a level two energy audit the standard states (clause 
7.3): 

A Level 2 audit identifies the sources of energy to a site, 

the amount of energy supplied, and what the energy is 
used for.  It also identifies areas where savings may be 
made, recommends measures to be taken, and provides 

a statement of costs and potential savings. 

This implies that a level two energy audit may contain 
very few – if any – actual measurements.  Furthermore 
the standard sets the level of accuracy for a level two 
audit at ±20%.  This implies that in some cases even the 

total energy use may be one fifth less (or more) than that 
stated in an energy audit.  It is unlikely that EECA will 
want to base policy decisions or advice on a resource 
that is only ±20% accurate.  The refinement of accuracy 
and testing of assumptions can only be achieved through 
in-depth analysis of a building’s energy use and trends. 
 

5. EXTRAPOLATION TO GENERAL CASE 
 
The above results and analysis have demonstrated what 

sort of data and conclusions would result from a detailed 
building energy analysis.  The task now is to try to 
understand how the findings of a small case study can 
be extended to full scale monitoring. 
The test area was selected with this in mind.  It was 
assumed that the combination of offices and studio is a 
reasonable approximation of a commercial office using 
both an open plan layout and enclosed senior offices.  
The area monitored also included the staff room and a 

seminar/teaching room used sporadically.  It has been 
assumed that the seminar room is similar to a meeting 
room likely to be present in a commercial office. 
The electricity loadings in each case are also likely to be 
similar, with the exception being that an open plan office 
will have a much higher plug load due to there being 
desktop computers in place of drawing boards.  Lighting 
loads would be almost identical with both spaces using a 

ceiling grid of fluorescent battens on several manual 
switches.  Although 139 Vivian Street’s hours of 
operation would differ from a commercial office 
(particularly towards the end of the university semester) 
the same situation arises in an office where a whole floor 
is illuminated because one person is working after hours.  
Consequentially the data one could expect from a full 
scale study of a large commercial building can be 

expected to have the same look and feel – but there will 
of course be a lot more of it. 
To monitor every lighting or plug circuit in even a medium 
sized building would be a massive undertaking, not to 
mention expensive.  Therefore it is not recommended 
that a detailed building energy analysis be carried out 
without at least a level two energy audit and preferably a 
PROBE or similar post occupancy evaluation carried out 

on the building beforehand, either as a separate study or 
as a preliminary stage of the detailed study.  In this way 
an in-depth investigation can be carried out only in areas 
which require further understanding – testing 
assumptions made during the audit, or examining the 
validity of the occupant’s reports.  This would save a 
significant amount of time, effort and money. 
A building’s central services can be monitored in a 
similar way to that above, the obvious extension being 

that, unlike 139 Vivian Street, a commercial building is 
likely to have a chiller.  The buildings BMS system is a 
valuable source of information in this regard, particularly 
temperatures and other internal conditions depending on 
the parameters monitored.  However informal 
communication with energy auditors reveal that buildings 
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often do not behave in the way the BMS (or building 
managers) have been programmed.   
Even a study of several concentrated areas will still 
produce a large amount of data.  The HEEP study 

employs three full time staff members working continually 
analysing and auditing data as it arrives.  BEEP can be 
expected to produce at least as much – if not more – 
data as the HEEP study.  Clearly this raises the need for 
excellent data management and project administration.  
These issues must be carefully investigated in any 
further, more significant, study. 
 

6. PROPOSAL FOR NEXT PHASE 
 

Using the findings from the current study the aims of the 
next phase of BEEP (outlined in the scoping study) 
should be reprioritised, namely that the uses of the BEEP 
data should be identified before the development of a 
detailed sampling and methodology is established. 
The brief analysis of the energy audit database above 
gives only a snapshot of the data contained within.  With 
greater access to the complete database a vast array of 

valuable information relating to energy use in all types of 
buildings would be unearthed.  The same is true of all 
previous research conducted in the field, particularly with 
regards to establishing an historical baseline from which 
to interpret current trends.  Once a more complete 
analysis of the contents of the energy audit database 
and other sources of national data has been carried out it 
can be determined what energy use or policy questions 

can already be answered.  Only then can we decide what 
questions BEEP should ask. 
At the moment there is confusion as to exactly what 
questions it is hoped BEEP should answer.  Once these 
have been determined the study can be focussed to the 
required level in terms of the sample size required and 
the level of detail of the monitoring.  Completion of the 
basic groundwork and a well defined set of goals or 

strategies will go a long way to limit the costs and time 
involved in the long term.  This is particularly important 
with regards to sample sizing and structure.  It may be 
that some building types could be excluded from the 
overall population as there are not enough ‘unknowns’ to 
warrant their inclusion, or that the particular conclusions 
required do not relate to a certain type of building. 
In the same way that a literary review would help focus 
BEEP in a general sense, the investigation of a particular 

building can be focussed through the use of energy 
audits and PROBE studies.  Any building selected for in 
depth analysis would first need to have at least a level 
two energy audit and a PROBE study carried out.  The 

findings from these studies can then be analysed for 
inconsistencies or assumptions which need verifying.  
This means that the detailed investigation can be 
restricted only to the areas which require further 
attention. 
The next phase of BEEP depends on the formation of 
the policy questions EECA is seeking to answer.  Once 
these have been determined a detailed analysis of two or 

three full buildings (which have been audited and had the 
occupants surveyed) should be carried out to further 
investigate what extent and level of detailed monitoring is 
sufficient to provide the necessary information.   
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ABSTRACT: This paper examines the role of non-thermal factors in comfort perception and builds on 
the findings of the thermal comfort field study carried out in air-conditioned offices in Makati City 
(Manila), Philippines. The analysis of the responses of the Filipino office workers indicated that some 
conventional thinking about comfort preferences is open to question. The responses of the surveyed 
office workers contradicted currently accepted thermal comfort theory and drew out questions on the 
behavioural variables that affect thermal comfort perception, expectations and preferences. The ‘one-

dimensional’ classical thermal comfort theory has been to strictly provide and maintain a neutral 
thermal state. However, it is suggested that responses of subjects in climatically controlled 
environments have much to do with cultural, social and contextual dimensions, which have been 
regarded by the prevailing comfort paradigm as secondary factors. 
Just as thermal comfort research has been extended to include contributions from the disciplines of 
social psychology, ergonomics and sociology to pay more attention to the interaction between people 
and their environments, theories of practices, consumption and technology would also point out viable 
directions to questions on dimensions of behaviour, user characteristics, expectations and preferences 

of thermal environments. The findings of this study suggest that the associated behaviour towards 
comfort impact energy consumption and are attributed to practices which are formed as a result of 
social, cultural and personal conditions. 
* Prins (1992) and Stern (1992) 

 
Conference theme: Architecture and the environment 
Keywords: thermal comfort; thermal preferences; office buildings; energy consumption 

 
 

INTRODUCTION 
 
People have been modifying the thermal environments in 
their quest for comfort, leading up to the invention of 
mechanical refrigeration and its use in conditioning the 
air in buildings. The basis for air-conditioning use is the 
demand for a higher degree of comfort. Air-conditioning 
in the tropics, where the outdoor climate is a 
monotonous fluctuation around a hot humid theme, plays 
a critical role in providing comfortable environments in 

modern offices. Although, it has long been recognized 
that quality of indoor environments should not be 
improved at the expense of higher energy consumption, 
climatically controlled environments effect a dependence 
on the consumption of energy to make the buildings 
habitable. Particularly, energy consumption in Southeast 
Asia is growing yet energy efficiency remains far below 
levels in developed countries (Duffy, 1996). Air-

conditioning design and operation closely follow the 
universally applied criteria of the thermal comfort 
standards (ASHRAE, 1992; ISO, 1993). The potential for 
energy conservation through stringent control of indoor 
temperatures underpin the examination of the 
applicability of comfort standards particularly in 
developing countries in the tropics. 
The ANSI/ASHRAE Standard 55-1992 ‘Thermal 

Environmental Conditions for Human Occupancy is used 
extensively as a reference for comfort levels in the 
Philippines (Philippine Society of Mechanical Engineers, 
1993; National Building Code of the Philippines, 2000). 
In this regard, a thermal comfort study was carried out in 
Manila, Philippines, in June to August 2002 (wet season) 
and April to May 2003 (dry season) with the main 

objectives of documenting the indoor conditions of office 
environments and investigating the comfort responses 
and preferences of office workers (Andamon, 2003, 
2004). The general results show that despite the cool 
conditions of the surveyed offices, the office workers 
indicated that lower temperature ranges than the 
ambient temperatures were acceptable. Building on the 
findings of the Philippine field study, the objectives of this 

particular paper are: 
1) To characterize the thermal conditions in Philippine 

office buildings in comparison with the prescriptions of 
ANSI/ASHRAE Standard 55-1992. 

2) To analyse the occupants’ perception and 
acceptability of the level of thermal comfort in air-
conditioned offices and compare with the standard’s 
criterion. 

3) To understand the role of non-thermal factors in 
influencing thermal comfort perception and acceptability 
and place in context with ensuing effects on 
consumption to satisfy comfort preferences. 

 

1. PHILIPPINE THERMAL COMFORT SURVEY 
 
1.1. Indoor Climates of Office Buildings 
The indoor thermal environments found in Manila office 
buildings were compared to the ANSI/ASHRAE Standard 

55-1992 comfort standard. For all the offices, air and 
radiant temperatures averaged 23.7°C and 22.8°C, 
respectively. Relative humidity had a mean of 47.4%. 
Average air velocity was 0.14 ms

-1
. The individual 

frequencies of the temperature and humidity 
combinations were plotted in comparison in a 
psychrometric chart format (Figure 1). While these 
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averages of the indoor measurements were within the 
standard’s prescriptions, measurements that fell within 
the winter comfort zone account for 53.1% of all the 
workstation visits. Two-thirds (75.1%) of the workstation 

visits fell within the summer comfort zone, a third 
(30.3%) fell within the overlapping region of the winter 
and summer comfort zones. Because of the assumption 
that low clothing levels are prevalent in tropical 
conditions, the consequent presumption is the 
application of the standard’s criteria for summer comfort. 
However, measurements suggest that indoor conditions 
in Philippine office buildings, although within the 

standard’s prescriptions, are characterized as being 
cooler than those set by the summer design 
requirements. 
 

 
Figure 1: Distribution of Indoor Climatic Measurements 

on ANSI/ASHRAE Standard 55-1992 
 
1.2. Occupant Perception: Subjective Thermal 
Assessment and Acceptability 
In response to the immediate conditions of the 
workstations, understandably, the thermal sensation 

votes (TSV) centred around the ‘slightly cool’ and ‘cool’ 
categories with a total vote of 64.9%. (Figure 2) This 
indicated that the voting pattern was biased towards the 
cooler categories with a mean response of -1.04, 
whereas the central categories of ‘slightly cool’, ‘neutral’ 
and ‘slightly warm’ (ASHRAE/Indirect Acceptability) had 
only 63.5% of the votes, with 17.3% votes for the 
‘neutral’ category. However, when directly asked whether 

the measured thermal environment was acceptable or 
unacceptable, the subjects’ responses likewise reflected 
the skewed pattern toward the cooler categories, 
indicating the same shift in central tendency. A total of 
66.42% indicated that in spite of having cooler than 
‘neutral’ sensations, the indoor thermal conditions of the 
offices are acceptable. 
The ANSI/ASHRAE Standard 55-1992 uses the 

operative temperature as the indoor environmental index 
for evaluating thermal comfort. The standard defines a 
range of operative temperatures and humidities that are 
acceptable to 80% or more of the occupants. The 
temperature range is mainly applicable for sedentary 
activities (!1.2 met), with normal winter clothing, 0.8-1.2 
clo or summer clothing, 0.6-0.8 clo. 
In the Philippine study, juxtaposing the thermal 

assessment and direct acceptability responses of the 
Filipino office workers to the operative temperature (To), 
translated these responses to actual temperature values. 
For the direct acceptability votes, 90% of the office 
workers found the temperature range of 21.5°C to 

24.0°C To acceptable, whereas 80% accepted 
temperatures from 21.5°C to 24.5°C To (Figure 3). 
However, the reported acceptable on the ASHRAE 
Acceptability, which were the TSVs on the central three 

categories (-1,0,+1) as shown in Figure 2, had its 
maximum at 70% of the office workers with an 
acceptable temperature range of 23.0°C to 24.5°C To. 
Notably, in both direct and indirect measures, the 
analysis of responses indicated that 88.8% of subjects 
would feel uncomfortable at temperatures beyond 24.5°C 
To. 

 
Figure 2: Thermal Sensation Votes (TSVs) 

 
Figure 3: Thermal Acceptability as a function of the 

Indoor Operative Temperature (To). 
Area of each dot is proportional to the number of 

subjects in the sample 
 

The summer comfort temperature criterion of the 
standard at 90% acceptability is 23.0°C to 26.0°C To. 
The observed acceptable temperature ranges with over 
80% acceptability pushed the lower limit of the summer 
comfort prescription outward by 1.5K and likewise 
lowered the upper limit by 2.0K. The implication of this 
analysis is also indicated in the chart presented in Figure 
2. Neutral temperatures do not necessarily equate to 

acceptable (preferred) temperatures. Values derived 
using the neutrality-seeking models of the comfort 
standard do not give an indication of the behaviour or 
preferences of individuals (Williamson et al., 1995). A 
striking observation is that the prescription of the 
standard will not satisfy the lower temperature 
preferences of the office workers. This prompts the need 
for more information on people’s cooling behaviour and 
practices. 
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1. THE PREFERENCE FOR COOL/COLD 
CONDITIONS 
 
2.1. Psycho-Social Factors on Subjective Comfort 
Responses 
The science of conducting thermal comfort surveys 
together with the measurement of fundamental thermal 

comfort parameters has made significant developments 
over the last three decades. The compiled databases 
(Humphreys, 1976; de Dear et al., 1997) provide 
empirical knowledge from experiments around the world 
with useful information available from a diversity of 
climates and various building occupancies. However, 
studies that focus on the psycho-social factors affecting 
comfort perceptions and preferences (Haghighat & 

Donnini, 1999; Erlandson et al., 2003), particularly of air-
conditioning use for comfort (de Dear & Auliciems, 1988; 
Auliciems, 1989) are a minority. 
It has been argued that responses of subjects in 
climatically controlled buildings maybe only be 
tangentially related to comfort standards and have much 
more to do with expectations and cultural norms 
(Kempton & Lutzenhiser, 1992). To understand the 
physical responses of the Filipino office workers, further 

questions dealing with psycho-social factors and some 
user attitudes and beliefs on air-conditioning were asked 
of the subjects. The responses of the Filipino subjects 
suggest that other issues, non-thermal factors, could 
shape thermal perceptions of and satisfaction with the 
indoor climate. 
Thermal comfort research has been extended to include 
contributions from the disciplines of social psychology, 

ergonomics and sociology to pay more attention to the 
interaction between people and their thermal 
environments. Perhaps theories of technology, practices 
and consumption would also point out viable directions in 
providing answers to questions on dimensions of 
behaviour, user characteristics, perceptions and 
preferences of thermal environments. 
 

2.2. Co-Evolution of Comfort Cooling 
In looking into this notion, Shove’s theories of the co-
evolution of comfort (Shove 2003) drawn from 
sociological and anthropological literature on 
consumption and studies of innovation in science and 
technology provide an understanding of comfort 
preferences. Three dimensions were delineated to allow 
the interpretation of how conventions and expectations of 

comfort may have come to be as they are. For this study, 
these three dimensions are translated to: (1) the relation 
between technologies and social practices, (2) the 
relation between technology of air-conditioning and the 
built environment and (3) the relation between the built 
environment and the practices associated with air-
conditioning use (Figure 4). 
Two mechanisms of change operate simultaneously on 

these three dimensions: the mechanism of difference or 
why technologies are acquired and that of coherence or 
how technologies are used. In the theory of difference, 
Dimension 1 highlights material culture. Based on the 
preliminary analysis of answers to questions of user 
attitudes on air-conditioning use, translating this to 
Philippine context, it would seem that the acquisition of 
air-conditioning is driven by the need to distinguish 
oneself from others. For example, answers to interview 

questions on the importance of working in an air-
conditioned office were ‘for prestige’ and ‘reputation’. As 
Shove suggested, the meaning of acquiring technologies 
is not influenced by science and advertising alone. This 
in turn would account for the social dimensioning of the 

acquisition and use of air-conditioning, which would 
relate to Dimension 3, highlighting consumer culture. 
With the mechanism of difference, the social meaning of 
mechanical cooling was established and continually 

evolved. The theory of difference also explains the 
normalization of a temperature setting. For example, 
previously extreme cold temperatures than usual 
become normal and new extremes are set (Wilhite & 
Lutzenhiser, 1999). 
 

 
Adapted from (Shove 2003) 

Figure 4: Co-evolution of Comfort Cooling 
 

The second mechanism of change is that of coherence 
or how technologies are used. This would position air-
conditioning and the associated ways of life 
corresponding to the built environment. Change in 
meaning of air-conditioning use can be explained in 
terms of lifestyle coherence (the expectation that items 
or habits and practices should match) (McCracken, 
1988). The second mechanism explains how coherence 

leads to the reinvention and reshaping of technical 
objects in use. Thus, the practices of cool comfort can be 
likened to the economic growth process which causes 
“ever-growing demands that lead it ever onward” 
(Easterlin, 1974:121). 
 
2.3. Reconfiguring Comfort 
Shove further suggests that the societal reconfiguration 

of comfort develops on three levels (1) evolving socio-
technical landscapes, (2) backdrop of regimes (social 
order or system) and (3) novel ‘configurations’. 
Constructing this model of socio-technical change for this 
study, respectively, these levels would be the (1) built 
environment, (2) local beliefs in place, and (3) local 
practices (Figure 5). Shove contends that with this 
hierarchical analysis, it would be possible to intervene 
deliberately at any level in such a way as to reshape 

transitions. It is the local beliefs and practices that 
sustains and reproduce practices relating to the built 
environment. The interpretation of the Shove model in 
the Philippine context would explain the diffusion of the 
technical (largely Western) definition of comfort: from an 
ideal comfort to be emulated, to the Filipino ‘translation’ 
of cool comfort as modernity and the adoption of a cooler 
temperature range equated to progress. “The social load 

for air conditioning is tied up with ideas of what it is to be 
… ‘modern’...” (Wilhite & Lutzenhiser, 1999:283). 
The literature evidence that gives support to this model 
of reconfiguration of comfort is the concept of 
‘localization’ put forward by Mulder (1992) in his study on 
the Filipino interpretations of everyday life. He suggests 
that “in the process of localization, foreign elements have 
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to find a local root, a native stem onto which they can be 
grafted. If they do not interact in this way, the foreign 
ideas and influences may remain peripheral to the 
culture” (Mulder, 1992:4). Working on this notion, the 

idea of adopting comfort cooling was facilitated by the 
local tendencies already in place – that of preferring 
cooler than ambient conditions. 
 

 
Adapted from (Shove, 2003) 

Figure 5: Reconfiguring Comfort 

 
2.4. The (Re)Shaping of Preferences 
Looking into historical and literature evidence, supported 
by the responses on user attitudes and beliefs on air-
conditioning use, it would seem that the preference for 
cool and/or cold conditions can be explained by the hot 
and cold syndrome (Jocano, 2001), which describes the 
physical relations with the environment in Philippine 

society. Cool/cold representations are generally believed 
to be good for health (Jocano, 2001:34-35). Thus, the 
reshaping of temperature preferences, engendered by 
imported themes of modernity and westernisation, was 
able to take root. The technological advancement in the 
capacity to change the indoor environment, by cooling, 
has reconfigured the collective concepts of normal and 
acceptable conditions, and in turn reconfiguring the 
meaning of comfort. Everyday life involves conformity to 

social norms, thus it would seem that the cooling 
practices, having modified conventional ways of life, 
have become socially patterned. Studies on thermal 
comfort, having dealt with the technicalities of specifying 
the indoor environment, would likewise have to look into 
how these specifications have influenced the re-
interpretation of comfort. Social and technical constructs 
both contribute to the transformation of the indoor 

environment and the ways of life associated with it. 
The notion of the co-evolution of comfort, its societal re-
configuration and (re)shaping of comfort preferences 
resonate the cultural theory of coolth posited by Prins 
(1992) and Stern (1992). The social origins of the 
preference for coolth, defined by Stern (1992:262) as the 
“subjective experience of feeling cool during hot 
weather”, was demonstrated by the Filipino office 

workers’ acceptable temperature ranges which are 
brought about by social, cultural and contextual reasons. 
 

3. CONCLUDING DISCUSSION 
 
3.1. Indoor Comfort Temperatures and Building 
Energy Consumption 
The reliance on mechanically controlled environments 
means the dependence on the consumption of energy in 

order to make buildings habitable. Comfort has become 
synonymous with the consumption of applied energy 
(Cooper, 1982). In the 2002 and 2003 Annual Reports of 
the Manila Electric Company (the Philippines’ foremost 

distributor of electricity and responsible for the power 
distribution in the metropolitan Manila area), the 
commercial sector accounted for 35% of the total energy 
sales, with 0.7 percent growth rate from 2002. 
Specifically indicated was that the growth in the energy 
consumption of office buildings pushed up energy sales 
(Manila Electric Company, 2002:21; 2003:13). 
The results of the analysis on sensation versus 

preference indicate lower temperature preferences of 
office workers in Philippine office buildings. These 
temperature preferences in order to be comfortable have 
implications on building energy consumption. The 
present paper suggests that there is a need for extensive 
research and more information on people’s cooling 
behaviour and practices. As part of the on-going analysis 
of the research, building simulations will be made to 

demonstrate how these thermal preferences impact on 
the buildings’ energy demand. 
 
3.2. Consumption and the Environmental Debate 

The Philippines is important to world energy markets 
because it is a growing consumer of energy, particularly 

of electric power, and a potential market for foreign 
energy firms (United States Energy Information 
Administration 2003). 

However, despite this statement, the country is on the 
verge of a power crisis (Cabacungan Jr & Ho, 2004; 
Dumlao, 2004). In this regard, thermal comfort studies 
should look into the part buildings and the scientifically 
specified indoor environments play in defining comfort 
and the package of expectations, practices and 
conventions which impact energy consumption. The 

results of the Philippine study indicate that the comfort 
preferences of the Filipino office workers, which are 
translated to lower temperatures, raise the issue of how 
the energy intensive service of cooling by extension 
impinge on the country’s consumption of energy. This 
Philippine study of thermal comfort calls for the 
understanding of the social and technical transformation 
of what people take to be normal and ordinary conditions 

of comfort. Following this structure of investigation would 
mean the inclusion of thermal comfort issues in energy 
consumption and consequently, environmental debate. It 
has been put forward that there is a need of changing 
the ‘philosophy’ that underpins the comfort standards 
which was the stance of the adaptive approach to 
thermal comfort (Humphreys, 1995). Adaptive standards, 
considered to be more energy efficient, however “do not 
enhance [the] understanding of thermal comfort” 

(Parsons, 2003:238). Rather than a re-formulation of 
temperature standards and more than mere adjustment 
of numbers, the challenge is to change the 
“contemporary meanings and expectations of comfort” 
(Shove, 2003:40). Recognizing and understanding how 
the built environment and social institutions engender 
comfort cooling preferences would incite debates on how 
future policies could reshape it. This agenda would re-

frame the discussion about the relationship between 
sustainability and comfort and would consequently 
introduce a different way of thinking about choice, 
change and environmental responsibility. 
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ABSTRACT: Environmental performance assessment or green building rating tools for commercial 
buildings are one of the more recent responses to encourage green solutions for commercial 
buildings. This paper discusses the initial stages of a research project that looks at the impact of a 
rating tool, such as Green Star, on design. There are numerous ways in which an architect can design 
commercial buildings, but environmental design solutions have consistently failed to become 
accepted practice. Therefore, how will this tool be incorporated into the building design process? 
Developed to assist the designer can the inclusion of a rating tool such as Green Star provide an 
effective framework to encourage the inclusion of environmental design strategies in commercial 
buildings? A field study, recording the design process of a commercial building, anticipates that a 
whole building assessment approach towards design, as proposed through the Green Star Rating 
Tool, will provide an effective framework to set and monitor design targets in order to optimise the 
environmental design goals in commercial buildings. 
 
Conference theme: Architecture and the environment 
Keywords: architectural design, rating tools, green star, environment 
 
 

INTRODUCTION 
 
The concept of environmentally sustainable design 
(ESD) has become increasingly important for architects 
and designers of commercial buildings. The issue has 
been enhanced with various government and industry 
organisations funding the development of green building 
rating tools for commercial buildings. Typically, 
developments of rating tools have focused on domestic 
buildings to assess their thermal performance or energy 
efficiency. However, the recent development of 
commercial rating tools has created much industry 
discussion. Rating tools provide a method of predicting 
and assessing a building’s environmental performance, 
and have been developed to address the design and 
environmental problems associated with current building 
design practices. These tools have the potential to inform 
design decisions and provide an effective framework to 
encourage the inclusion of environmental design 
strategies. 
A research project has been initiated to investigate the 
implementation of a rating tool in the design of a 
commercial building to discover what impact these tools 
have on the designer? Are they a burden and hindrance 
or alternatively are they a driver towards high quality 
design? The research specifically aims to determine if 
the implementation of a rating tool is a design asset or a 
liability to architects, and whether rating tools can 
provide an effective framework to encourage the 
inclusion of environmental design strategies in 
commercial buildings. This paper discusses the initial 
stages of that research. It highlights the impact of 
commercial buildings on the environment and current 
problems associated with the inclusion of environmental 
design strategies in the design of these buildings. It also 
identifies various architectural design processes which 
raises questions about the inclusion of rating tools in the 
design process. The Green Star Rating Tool, which is 
the focus of the research, is also described, highlighting 

its potential impact on the design of commercial 
buildings. A field study is also outlined. 
 

1. COMMERCIAL BUILDINGS AND THE 
ENVIRONMENT 
 
At a time when finding green building solutions has 
become increasingly important, the growth of green 
building rating tools has been rapid. The prolific growth 
and implementation of these tools has been so 
significant in recent times that it has been said that ‘it will 
not be possible to get a building approved and built 
without compliance to some sort of Green Building 
Rating System’ (Archizine, 2003). There are several 
reasons for the development and growth of rating tools in 
Australia. One of the main reasons is the degree of 
political acknowledgement and commitment towards the 
environment that now exists. In Victoria, for example, the 
Government’s commitment is significant and rating tools 
have become a part of the Government’s long term plan, 
as outlined in their recent report on the built environment. 

Sustainability assessment tools undoubtedly have a role 
to play in facilitating the achievement of higher-level 
sustainability objectives through simplified and consistent 
assessment of design performance in relation to various 
resources or aspects of environmental sustainability 
(Department of Sustainability and Environment Report, 
2003). 

This commitment has now filtered through to the building 
approval process in the form of a Five Star Rating for 
residential buildings. It is now a requirement that new 
designs achieve a five star rating. (Between July 2004 
and July 2005, a design will be approved if it achieves a 
four star rating but also includes a rainwater tank or solar 
hot water system). There is a possibility that a similar 
rating scheme will be introduced for the commercial 
building sector.  
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1.1. Environmental Impact 
The environmental issues associated with the Australian 
commercial sector have been well documented. The 
concerns associated with energy use can be used to 
highlight this issue. The sector spends around $4 billion 
annually on energy and produces approximately 35 
million tonnes of emissions (SEAV, 2004). Further to 
this, it is now also estimated that ‘Australia’s energy 
demand continues to grow by approximately two percent 
per annum’ (SEAV, 2004).  
Although the initial environmental concerns were 
associated with the dwindling energy resources, today, it 
has been extended to a much broader concern. 
‘Buildings consume about one third of the world’s 
resources; 12% of water demand is consumed by 
buildings and up to 40% of waste going into landfill is 
from construction and demolition’ (Green Building 
Council of Australia, 2003). The areas of water, material 
use and waste management now all require a great deal 
of attention and demonstrate the continuing need to push 
for change in our current design and building practices.  
 
1.2. Environmental Design 
Architect Lindsay Johnston, the former Dean of 
Architecture, Building and Design at the University of 
Newcastle, suggests that the ‘lack of knowledge is not an 
obstacle to producing environmental responsive 
buildings, it’s the lack of commitment by society…..driven 
by the short-term dollar gain rather than long-term 
quality’ (Johnston, 2002). 
A great deal of information is emerging about 
sustainability and building performance, but 
environmental design strategies are still far from being 
accepted practice in the design of commercial buildings. 
Financial constraints and a lack of societal commitment, 
including the designer’s approach, remain the problems 
to be overcome in order to consistently achieve the 
inclusion of sustainable design strategies in commercial 
buildings. Commercial business attitudes are continually 
driven by the short-term dollar gain, focusing on the 
financial bottom line rather than long-term quality. Profits 
tend to go into tangible areas such as upgrading 
equipment or improving a company’s profile instead of 
into building features that address environmental 
performance. Factors such as achieving an energy 
efficient building are not seen as important because they 
amount to a fraction of the cost of other associated 
commercial requirements. For example, energy costs are 
approximately only one percent of staff costs, which 
means that there is no strong financial driving force 
supporting sustainability (Pears, 1998). 
There is also a common misconception about 
environmentally responsive buildings. They are often 
perceived as being aesthetically undesirable by, for 
example, incorporating massive water tanks or solar hot 
water systems that detract from a building’s appearance. 
The push to incorporate environmental features into a 
design to improve a building’s performance should be 
encouraged, but it does not mean it should be at the 
expense of a building’s aesthetic. As suggested by Albert 
Schweitzer ‘people will not want to live in, work in and 
ultimately keep aesthetically inferior buildings’ (Wines, 
2000). Therefore, regardless of best environmental intent 
or how well a building performs environmentally, the 
aesthetic component is a factor that is often used in 
business promotion and cannot be compromised. Also, 
from a designer’s perspective, putting the art in 
architecture is what they are trained to do. Their style is 
how they build a reputation, it reflects a higher level of 
thinking, feeding further ideas and it reflects 

contemporary life enabling designs to develop and break 
new ground – and should not be compromised. These 
misconceptions about ESD can extend through to 
architects’ attitudes which results in a lack of commitment 
to the concept. For instance, ‘there is a stigma associated 
with ESD….and many architects still believe that you 
either take ESD seriously or design seriously’ (Owen, 
2002). This sort of attitude is a major problem and if a 
designer thinks like this then how can a client be 
convinced about the benefits of ESD? The design of the 
Melbourne City Council House (CH2) is a recent example 
of what can be achieved in terms of design and 
performance at a commercial scale when the right 
balance is achieved. Aesthetically interesting, the 
proposed building embraces a range of environmental 
factors, whilst maintaining a corporate image and style. 
Although only at the early construction stages, the 
building has the potential to set new ground in terms of 
performance and aesthetics. Based on a holistic 
approach to functions and systems the design has 
received a preliminary six star rating from the Green Star 
rating tool. 
The Green Building Council of Australia (GBCA) 
suggests that the reason for the lack interest in the 
sustainability of commercial buildings is that ‘at the 
moment, the industry can’t define green, can’t measure it 
and can’t translate it into a commercial return’ (Sinclair 
Knight Merz, 2003). As a result, the GBCA has proposed 
an industry owned and developed rating tool to 
encourage a consistent approach to environmental 
design and to increase the inclusion of ESD at the 
design phase. However, what impact will this rating tool 
have on the architectural design process? Design is a 
complex procedure that constitutes a series of steps, 
involves many participants and requires the 
consideration of many issues. Will the inclusion of a 
rating tool provide unnecessary complications to this 
process? The timing and scope of issues considered, the 
cost of decisions made and the effect on other 
participants involved all require serious consideration to 
optimise a design’s performance. How will a rating tool 
be incorporated into this process in order to provide real 
benefits? Throughout the process itself information 
accumulates and varies as a design progresses. Thus, 
the questions arise: where will a rating tool fit in and at 
what stage of the design process should the rating be 
performed so that it provides realistic and accurate 
predictions of performance without compromising the 
design’s intent? In order to answer these questions, it is 
necessary to understand the architectural design 
process itself and what is involved so that a successful 
method of integrating rating tools into the design process 
can be achieved. 
 

2. TRADITIONAL ARCHITECTURAL DESIGN 
PROCESSES 
 
There have been several maps of the design process 
that have been developed and adopted by architects. 
One of the first attempts to describe an actual design 
process was published in the Royal Institute of British 
Architects (RIBA) 1965 Handbook. The process was 
broken into four stages (Figure 1) and reflects the simple 
linear design approach defined by early design models. 
This type of process is indicative of how a design can 
theoretically evolve. It gives the architect time to develop 
ideas, incorporate many aspects and allow a range of 
inputs to mature into a resolved scheme. 
In Australia, the Royal Australian Institute of Architects 
(RAIA) provides architects with its own documented 
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design process. Modeled on the RIBA, the RAIA process 
suggests a similar system to document a design. 
However, it has moved from a design process to a scope 
of services to describe an architect’s responsibility. The 
RAIA Client/Architect Agreement (2000) design process 
can be divided into four main sections, as follows: 
• Stage 1 Schematic Design; 
• Stage 2 Detailed Design; 
• Stage 3 Documentation; and 
• Stage 4 Contract Documentation. 
There are many documented approaches to design, 
none of which perfectly describes what’s involved in 
practice. However, all approaches describe how designs 
mature and evolve through a process. Models like those 
suggested by the RAIA also provide a structure and a 
framework to run a business by setting a quality of 
design standard. Lawson (1997) suggests that the 
design process consists of a sequence of distinct and 
identifiable activities that are ideally negotiated and 
appropriately balanced. Lawson is trying to establish a 
process to guide inexperienced designers, but the reality 
is naturally much more complex. The timing of activities, 
changes to design aspects, unforeseen circumstances 
and human nature all mean that the process of designing 
is not a neat and consistent process, but rather an 
accumulative, inconsistent and adaptable one, which 
changes according to client and situation. 
The development of ESD has meant further design 
models have broken the RIBA and RAIA models down to 
encourage review and synthesis. For example, the 
International Energy Agency (IEA) suggests that the 
design process should move from a more traditional 
linear approach to an iterative approach (Lohnert & 
Dalkowski, 2002). Task 23 of the IEA Solar Heating and 
Cooling Progamme, which focused on the optimization of 
solar energy use in large buildings, developed a process 
of more integration and review to enhance the design 
output (Figure 2).  
 

 
Source: (Lawson, 1997) 

Figure 1: The RIBA map of design process 
 

 
Source: (Lohnert & Dalkowski, 2002) 

Figure 2: The International Energy Agency design 
process 

 
‘Integrated design is a procedure considering and 
optimizing the building as an entire system including its 
technical equipment and surroundings and for the whole 
life span’ (Lohnert & Dalkowski, 2002) and this process 
has been introduced to encourage and optimise 
environmental design features. The issue of 
environmental quality has become increasingly complex 
through rapid advances in technology and the changing 
perceptions of building owners, operators and tenants 
(Lam et al, 2001). Therefore, by integrating the design 
process between the players involved, it is argued that a 
design team has a greater opportunity to optimise output 
as they strive for a common goal instead of pulling in 
different directions. However, merely integrating the 
activities of the various players and providing the 

opportunity for iteration in the design process does not 
necessarily mean that ESD will be included or at an 
appropriate stage. 
The above design models indicate the various stages of 
the process and provide an insight into the level of 
development required to design a building. However, 
they do not address the more complex issue of what is 
involved within a design. Components that need to be 
considered at each stage require a range of inputs where 
one decision can significantly affect another. 
Incorporating the issues of ESD adds an additional 
consideration to this process and suggests that a new 
design process model may be required.  
 

3. PROPOSED DESIGN PROCESS MODEL 
 
Quality design requires far more than environmentally 
sustainable practices. A problem with the ESD movement 
is that buildings are often promoted on the basis of 
environmental factors alone (such as energy efficiency) 
instead of being a part of a greater whole. For example, 
building thermal performance is extremely important, but 
it is not a sound position on which to entirely base quality 
architectural design. Quality design requires a great deal 
more and areas such as planning, form and finish all 
require due consideration. Lindsay Johnston suggests 
that ‘quality means good planning, good urban design, 
good building envelope, good interior environment and 
ecologically responsible energy and resource use’ 
(Johnston, 2002). This view is far more complete and 
holistic, and is particularly relevant to businesses who 
invest significantly in a new building, through which they 
promote their corporate image. Therefore, finding a 
balance between the many design issues involved is 
what is required and, regardless of the best 
environmental intent, other areas of design should not be 
forgotten. Albert Schweitzer suggests that ‘without art the 
idea of sustainability will fail…because people will not 
want to keep buildings that are aesthetically inferior’ 
(Wines, 2000). This notion is a good reminder of the 
importance of balancing design issues.  
Figure 3 demonstrates schematically the level of 
perspective required when incorporating ESD into the 
design process. This proposed model highlights the need 
for a design concept to drive the design and indicates 
that there are a number of aspects that might influence 
that concept. It is at this level that the environmental 
design strategies could be included (potentially through 
the use of a rating tool). The inclusion of ‘predictive 
rating tools at the design stage is important as they allow 
architects to make crucial decisions before materials are 
committed’ (McLaren, 2004), which in turn has the 
potential to ensure environmental strategies are 
incorporated in a design but it must be done without 
losing overall design intent. The rating tool (effectively 
representing the ESD component of this model) is 
required to influence the design, but not act as a design 
driver on which the entire design is based. If a balance 
between design driver and design influences can be 
achieved the chance of creating environmentally 
sustainable buildings - a prerequisite for modern 
architecture - is increased. This conceptual model 
(Figure 3) only deals with the design component and 
does not address the construction, building operation 
and demolition components of the building process. An 
alternative model might be that ESD should inform each 
of the aspects of the design and, in effect, overlay the 
whole process. At this stage in the understanding and 
acceptance of ESD, however, such a concept is still 
believed to be impractical in the real world of building 
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design. 

 
Figure 3: Conceptual model of the influences on building 

design 
 
Using the above model, this research proposes to 
assess the impact of using a rating tool when adopting a 
‘whole-of-building' approach in the design process and 
also on particular aspects of the design. These areas will 
be determined by the design team.  
 

4. PROPOSED RESEARCH METHODOLOGY 
 
The relative infancy of rating tools has meant that 
previous research into this field is limited. The literature 
contains descriptions of the various tools and how they 
work, but there is a limited recording of how they can be 
applied during the design process and what impact might 
result. A field study is proposed to evaluate the impact of 
a rating tool in the design process and the methodology 
will involve three components. A multi-criteria decision-
making tool (MCDM-23) will be used to record the initial 
design objectives and monitor the additional goals 
decided in the design team meetings throughout the 
schematic and developed design stages. The rating tool 
will be used in the design and several assessments will 
be conducted throughout the design stages to test the 
tool in use. Interviews with the design team will record 
their thoughts on the tool at the conclusion of this phase. 
The MCDM-23 program is used to encourage the 
integration and organisation of information required in 
the design process in order to assist the decision making 
for design team members (MCDM, 2002). It works by 
participation from the design team from which they list, 
record and rank a project’s objectives from the outset. 
The design team then uses the program to evaluate 
design scenarios and monitor progress. The MCDM-23 
has been used successfully on several projects and it 
has encouraged an integrated approach to a number of 
designs in Europe (Balcomb & Curtner, 2000). Results 
from the decisions made can be graphed to provide a 
comparison and an understanding of the goals of the 
project. Figure 4 is an example of the graphed outcome 
produced from this program. It shows the key criteria set 
for a project and the level of performance for each 
component against the best possible and worst case 
scenarios. The tool is not specifically intended for the 
evaluation of rating tools. However, through this method 
the impact of the rating tool on a design project will be 
determined by recording and monitoring the design 
targets in order to establish the importance of the 
environmental strategies for the project. 
The rating tool will be used during the design stages 
(determined by the design team) to measure the 
environmental strategies and provide a star rating to the 
project. Design team members will directly apply and test 
the tool to determine its impact and provide an 
understanding of how the building performs. The 

interviews conducted at the end of the design process 
will then validate the findings from both the rating tool 
and the MCDM-23 tool. Specific questions related to the 
project, design process and the rating tool will confirm 
the design team’s intent and perspective (particularly the 
architect) indicating the impact it had on the process and 
the effort required to achieve the result. A focus on the 
design stage of commercial buildings requires the 
selection of a rating tool that can be applied throughout 
this process. 
 

 
Source: (Multi-Criteria Decision Making Tool, 2002) 

Figure 4: The MCDM-23 star diagram showing criteria 
and performance 

 

5. THE SELECTION OF A COMMERCIAL 
RATING TOOL 
 
A range of rating tools have been developed specifically 
for Australian conditions. The tools target various 
components of the built environment and have been 
designed to address a number of performance-related 
aspects. In general, rating tools can address energy 
performance of the building fabric and design, 
appliances and services, individual components (e.g. 
windows, insulation, wall construction), whole buildings 
and life cycle impact of the materials (Reardon, 2001). 
For commercial buildings, rating tools fall into three main 
categories: simulation models, correlation tools and 
scorecard tools. Simulation models are computer 
programs, which are used to generate a performance 
prediction from calculations, generally based on first 
principles. The modeled scenario may be compared 
against previously recorded information to assess 
performance. Correlation tools, often referred to as 
labeling or performance-based tools, typically measure a 
particular element such as energy efficiency or thermal 
comfort and focus on providing a quick evaluation of a 
proposed design in the form of a simple indicator. These 
tools have often been derived from multiple results 
generated by simulation models. 
Scorecard programs provide an alternative form of 
assessment and measure performance through a point-
scoring system. Effectively these tools are a checklist, 
from which points are achieved against a set list of 
criteria. The performance level corresponds to the points 
scored, and a rating is given accordingly. Scorecard 
tools often assess building performance over a range of 
environmental issues and focus on 'whole-of-building' 
assessment, encompassing a range of criteria from 
energy efficiency through to life cycle assessment.  

Several examples of Australian commercial rating tools 
include: Green Star (Office Design, Office as Built and 
Office Interiors), National Australian Building 
Environmental Performance Scheme (NABERS), the 
Environmental Performance Guide for Buildings (EPGB) 
and the Melbourne Docklands ESD Rating Scheme, of 
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which these tools are all scorecard models. The 
Australian Building Greenhouse Rating (ABGR) is an 
example of a correlation model. These rating tools have 
different functions and address a range of commercial 
building types. For instance, Green Star primarily 
focuses on the design stage of projects, NABERS 
evaluates existing buildings, ABGR measures and 
evaluates the energy consumption and gas emissions, 
whilst the Melbourne Docklands Scheme was specifically 
created by the Docklands Authority for the 
redevelopment of the Docklands area.  

From a designer’s perspective rating tools must be user-
friendly and provide design and performance benefits in 
order to be adopted. Embracing new design techniques 
is intended to increase the inclusion of ESD in order to 
create healthy working environments. Therefore, the 
scorecard system, which is intended to embrace these 
qualities, provides an opportunity to test this tool in its 
desired application. Due to the design focus of the 
research and the potential impact that can occur at the 
design stage of a project, Green Star (Office Design) is 
the rating tool chosen for this research. A brief overview 
of this rating tool and its method of operation is given in 
the next section.  
 

6. GREEN STAR RATING TOOL 
 
Green Star is intended to provide 'whole-of-building' 
assessment at the design stage of new commercial 
office buildings. Developed by Sinclair Knight Merz 
(SKM) and the Green Council of Australia (GBCA), the 
rating tool was released in 2003. The tool is intended for 
use by architects, designers, developers and property 
owners and it uses a scorecard evaluation approach. 
According to the GBCA (2003), the tool has been 
created to:  
• define green buildings by establishing a common 
language;  
• set a standard of measurement for green buildings; 
• promote integrated,' whole-of-building' design practices; 
• identify building life cycle impacts; 
• raise awareness of green building benefits; and, 
• transform the built environment and reduce the 
environmental impact of development. 
Green Star provides an indication of the environmental 
performance of a proposed design by considering a 
range of environmental factors. These factors are 
covered by nine categories, comprising of eight 
environmental areas plus an innovation section. Green 
Star also assesses the proposed energy use and 
greenhouse gas emissions of a design using the 
Australian Building Greenhouse Rating (ABGR) scheme. 
The main categories of assessment include; Energy; 
Pollution; Transport; Materials; Water; Land Use and 
Ecology; Indoor Environmental Quality; Management; 
and Innovation. 
A rating is determined by a point scoring system, where 
credits are awarded in each category depending on the 
level of performance. Each category contains several 
components where points are awarded and then 
summed to determine a final score in that category, 
depending on the level of compliance and the 
environmental initiatives. Once a category has been 
completed and a percentage score has been calculated, 
it is then weighted (by predetermined figures) to give a 
single category score. The weightings are internal to the 
rating tool and can vary depending on the environmental 
sensitivity of the building's location. Figure 5 shows the 
basic calculations used in Green Star. 
 

( ) ( )
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Figure 5: Credits and weighting calculation equation of 
Green Star 

 
The weighted scores are then added together to provide 
a total single score and rating. The innovation section is 
treated a little differently. It is not included with the main 
categories and does not have a weighting system. This 
is to encourage the inclusion of creative design solutions. 
The entire process to achieve a final rating is shown 
below (Figure 6).  

 
Source: (Green Building Council of Australia, 2004) 

Figure 6: Assessment categories and process of Green 
Star 

 
To earn Green Star certification, a design must satisfy all 
of the system’s conditional areas and obtain a minimum 
number of points to attain a particular Green Star rating. 
Formal assessment is carried out by an accredited 
certifier and the number of credits achieved determines 
the overall rating. The significance of the star rating is as 
follows: 
• Four stars Recognises and rewards best practice in 
building environmental initiatives; 
• Five stars  Recognises and rewards Australian 
excellence; and 
• Six stars  Recognises and rewards international 
leadership. 
The Green Building Council of Australia believes that 
there are numerous benefits in using an industry 
developed assessment tool. Perceived  benefits include 
providing a nationwide language for environmental 
design, setting an environmental standard, providing 
recognition of achievements, increasing tenant retention 
levels, reducing renovation and maintenance costs and 
producing productive healthy working environments 
(GBCA, 2003). These benefits are potentially significant 
considering the number of buildings that are currently 
being constructed or already exist. A tool like Green Star 
has the potential to set an ESD framework at the 
beginning of projects and establish goals and objectives 
to produce healthy buildings. Many of the factors 
covered by the tool such as water use, waste 
management and transport requirements would not be 
considered in many projects. Encouraging design teams 
to think about these areas of the environment from the 
outset of a project is beneficial. Planning for these 
factors also means they might have a greater chance of 
inclusion in the completed building. 
There are, however, several problems associated with 
Green Star that need to be considered when using this 
rating tool. The initial concern is the cost of carrying out a 
Green Star assessment. The price of a formal 
assessment can vary from $6,500 – $15,000 depending 
on the work carried out and the size of the project 
(James, 2004). Large, multi-million dollar projects should 
not experience a problem with this fee but small projects 
might be discouraged from using the tool as budgets are 
tightly controlled and if anything is going to be omitted in 
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order to save money on a project it is the use of a 
voluntary rating tool. Green Star has a prescriptive 
component. The fact that the designer must meet a 
certain score to achieve certification means the specified 
data is prescribed to. Conditional requirements such as 
energy use, land use and ecology also highlight its 
prescriptive components. This is offset by the range of 
environmental criteria that is addressed and the inclusion 
of an innovation section to encourage new ideas. This 
scorecard system requires credits to be achieved but 
getting there is at the discretion of the designer or design 
team. Using the rating tool is time consuming. To 
achieve the full benefits of Green Star the process can 
become quite extensive. Often beginning at the briefing 
stage and ending after documentation, assessment can 
involve the investigation and monitoring of the 
sustainable practices and a number of design team 
members. Tightly controlled time-frames mean that 
significant planning and a strong commitment by the 
design team is required to complete the rating. If the 
design team can’t make a decision or there is incomplete 
analysis of design options then the assessment could be 
compromised.  
Further problems related to Green Star commonly exists 
in all rating tools. The voluntary nature of the tool means 
that not all buildings will be rated. In addition, there is no 
requirement to check the predicted performance after 
construction. Unforeseen construction changes can 
compromise the initial design intent and if new 
technologies are included, these may not perform as 
expected. Unless follow-up assessments are carried out 
it will not be known if the building is performing as 
predicted. Finally, a rating may restrict a design’s 
potential. If a proposed design requires a five star rating, 
then simply meeting this level may limit higher 
performance standards being achieved.  
A field study observing the application of Green Star on a 
commercial building project will provide an 
understanding of the impact of this rating tool on the 
design process, and an insight into how the rating tool 
works and how it can be applied to real projects. It may 
also provide some indication of the impact of rating tools 
in general and confirm these foreseen benefits and 
pitfalls that may come with this sort of environmental 
assessment method. 
 

6. A FIELD STUDY 
 
The field study will record the design process from the 
beginning (sketch design) through to the end point 
(developed design) (Figure 7). The building being 
designed is the proposed International Centre and 
School of Business at Deakin University’s Burwood 
Campus and the study will involve all the key design 
consultants in the project. These include; the architect, 
the mechanical engineer, the ESD consultant, the 
quantity surveyor and the client. 
 

 
Figure 7: Proposed study of the use of Green Star in the 

design process  
 
Initial results indicate that the sketch design stage 
provides an ideal opportunity for the various design 
consultants to identify goals and objectives. A series of 

design team meetings, at the beginning of sketch design, 
enabled the players involved to discuss design options 
and prioritise areas. It also enabled concepts to be 
tested so that informed decisions, which would later have 
a much broader affect on the entire project, could be 
made. For example, the use of hollow core concrete 
panels was suggested to be an important component to 
achieve the desired energy and ventilation levels. 
Therefore, modeling was carried out on various hole 
sizes to determine the optimum airflow rates and the 
most suitable slab to use.  
Overall, the consultants identified six main criteria as the 
priorities for the project. They were: site layout and 
orientation; lighting; heating and cooling ventilation; 
architectural quality; environmental performance; and the 
cost of the project. The importance of each category was 
relative even between the selected design focus areas at 
the beginning of the project and the scoring was 
relatively high with an overall score for the project of 7.97 
out of 10. It is an outcome that might be expected due to 
the early optimism that comes with a new project. 
However, it indicates that a range of aspects and design 
targets is required to achieve an ideal outcome. For the 
environmental component of the design the initial Green 
Star rating measured the performance and the project 
achieved a 4.5 star rating. This informed the design team 
of the current environmental design standard and 
highlighted that several areas of performance were 
below expectation. For example, the waste management 
and the energy performance levels were unsatisfactory 
and require further consideration. The entire design team 
is now aware of these issues and if it was not for the 
assessment tool they may not have been addressed. 
 

CONCLUSION 
 
Environmental design strategies are far from being a 
high priority for commercial buildings but rating tools 
could provide a structure and a benchmark to define and 
measure the benefits of sustainability on a commercial 
scale (Sinclair Knight Merz, 2003). The early stage of the 
design process provides an ideal opportunity to establish 
design goals and objectives to optimize a design output. 
The design team of consultants can convey their ideas in 
order to set performance standards, whilst the integrated 
approach towards design enables them to incorporate 
and discuss a range of design solutions before 
implementation. The introduction of a rating tool then 
provides a structure to set and confirm the environmental 
targets and enables the design’s progress to be 
monitored in reference to these targets. This initial 
process will be followed with further progress 
assessments to record the designs progression and to 
determine whether the key design focus areas identified 
in the beginning of the project remain a priority 
throughout, or whether they are compromised reducing it 
to a fraction of its original intent. Follow-up Green Star 
ratings will continue to measure the environmental 
components within the design and the interviews will be 
used to determine the success of the tool. 
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ABSTRACT: Meteorological measurements required for the development of a design scheme that 
responds to the local environment are generally recorded by the weather service in stations that are 
assumed to be representative of the surrounding region. However, no account is taken of the changes 

in conditions caused by urban development, even though differences between meteorological 
conditions within cities compared with adjacent rural areas (the heat island effect) have been noted as 
early as Roman times, and may be substantial.  
A new computer model (CAT) provides data representing realistic site-specific air temperature in a city 
street based only on data from standard weather stations such as those operated at local airports and 
descriptors of the two sites. The CAT model has been tested on field data measured in a monitoring 
program carried out in Adelaide in 2000-2001. After calibrating the model, predicted air temperature 
correlated well with measured data in all weather conditions over extended periods. 
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Keywords: urban microclimate; computer modelling; weather stations; Adelaide 
  
 

INTRODUCTION  
 
Differences between the city and the rural surroundings 
occur on two distinct scales (Oke, 1976): The urban 
canopy layer consists of air contained between the urban 

roughness elements, typically buildings. Its climate is 
dominated by the nature of the immediate surroundings, 
especially site materials and geometry. The urban 
boundary layer is that portion of the planetary boundary 
layer whose characteristics are affected by the presence 
of an urban area at its lowest boundary, generally 
considered to be approximately at roof level. 
Several models have been developed over the years in 

an attempt to describe microclimatic conditions in the 
urban canopy layer. A comprehensive review of urban 
climate simulation models (Bornstein, 1984) noted that a 
"…potentially important use of such models could be in 
planning of urban development so as to create urban 
climates that are more healthy or urban dwellers."  
Indeed, Clarke (1993) identified microclimate and site 
specific data as one of the problem areas defining 
boundary conditions for building performance 

simulations. Despite this imperative few comprehensive 
urban climate simulation models exist which focus 
directly on the issues of importance for building thermal 
performance simulation. Sharlin & Hoffman (1984) and 
Swaid & Hoffman (1990) described the development of a 
simulation model based on a CTTC (Cluster Thermal 
Time Constant) parameter to predict urban temperatures 
as a function of some basic urban geometry.  

The objective of the research reported here was to 
investigate whether a relatively simple uncoupled model 
of the temperature in the urban canopy, i.e. a model in 
which there is no feedback from the micro-scale site to 
the meso-scale urban boundary layer, can nonetheless 
predict the temperature at a given site with sufficient 
accuracy to be a useful tool for research on the effects of 
urban form on air temperature in the urban canopy layer. 

 

1. SIMULATION 
 
The CAT (Canyon Air Temperature) model predicts air 
temperature in an urban canyon on the basis of 
measured meteorological parameters from a reference 

station located at a nearby site exposed to the same 
meso-scale climatic conditions. Model inputs are limited 
to meteorological parameters monitored routinely at 
standard weather stations. This restriction has important 
implications that will be discussed in detail in the relevant 
sections below.  
In the traditional approach to numerical modelling of the 
microclimatic characteristics of the urban canopy layer, 

weather data are used to provide geographically-
adjusted initial and boundary conditions to a planetary 
boundary layer (PBL) model, such as URMICLEM (Taha, 
1978). The meso-scale meteorological conditions 
predicted by such a model, in conjunction with detailed 
site-specific descriptors, are used to drive an urban 
climate model capable of providing micro-scale 
temperatures at the site under consideration. This 
approach is based on a complete analysis of the energy 

fluxes, but requires detailed climatic information that is 
generally not available in typical weather stations. 
The CAT model adopts a simpler approach: the raw 
weather data itself serves as the input to the urban 
climate model, sacrificing comprehensive analysis in the 
interests of practicality and ease of application. This 
approach was the basis of the modified CTTC computer 
code (Elnahas and Williamson, 1997), an analytical 

model incorporating a cluster thermal time constant for 
predicting air temperature variations in the urban canopy 
layer. Itself an extended version of a previous model 
originally proposed by Swaid & Hoffman (1990), this 
model predicted air temperature at an urban point based 
on measured temperature at a rural reference site, 
modified by the contribution of characteristically urban 
conditions. The conceptual basis for this conversion was 

stated by Elnahas & Williamson (1997)  as follows: 
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where Ta(t) refers to air temperature at a given location, Tb 
the meso-scale base temperature, and !Tsol and !Tlw the 

net short wave and long wave radiative contribution to the 

local temperature. The subscripts ‘urb’ and ‘met’ refer to 
urban and meteorological (reference) locations, 
respectively. Combining the above expressions yields: 
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 (3) 
The above procedure attributed the variation in air 
temperature to differences in short wave and long wave 
energy balances between the urban site and the 
meteorological (reference) site. However, the same 
method may be employed to express differences 
resulting from other modifiers of local micro-climatic 
conditions, such as, for example, anthropogenic heat, the 

hydrological balance or the effects of vegetation, which 
may affect latent heat. 
The CAT model adopts a similar conceptual approach, 
but employs a different methodology to compute Tb, the 
meso-scale base temperature, and then to predict 
canyon air temperature. The process may be 
summarised as follows: An energy balance is calculated 
from meteorological time series for the reference site and 
for each surface of the urban canyon, taking into account 

modifications to the energy exchange processes 
resulting from the specific characteristics of both sites. 
The effect of sensible heat flux at the surface on air 
temperature at the reference site is then calculated on 
the basis of the surface heat exchange coefficient hc and 
a new empirical coefficient of turbulent heat transfer 
between the canopy layer and the roughness sublayer 
above. The time-dependent contribution of the local 

sensible heat flux to the air temperature at the reference 
site is then deducted from the measured value to give Tb, 
the meso-scale base temperature. The same 
methodology is then used to calculate the ensemble 
contribution to the local canyon air temperature of 
sensible heat flux from all canyon surfaces, similarly 
modified by a (different) coefficient of turbulent heat 
transfer between the air in the canyon and the roughness 

sublayer above. This contribution is then added to the 
base temperature to give the predicted air temperature in 
the canyon. 
Inputs required by the model comprise two separate 
categories: 
• Time series describing meteorological conditions at the 

reference site, including the dry bulb temperature of air, 
relative humidity, wind speed, global and diffuse solar 

radiation on a horizontal plane and cloud cover. 
• Descriptors of both the reference site and the urban site 

being simulated, including: geographic location (latitude 
and longitude); building geometry, including street 
canyon aspect ratio, building density and ratio of 
massive external walls to site area; material properties, 
including surface albedo and the coefficients of the 
objective hysteresis model (OHM) of thermal storage 
(Grimmond et al., 1991); and hydrological factors 

affecting the parcelling of turbulent heat flux into latent 
heat and sensible, including the coefficients of the 
LUMPS model by Grimmond and Oke (2002).  

The geometric representation of the urban environment 
is two-and-a-half-dimensional: canyon dimensions are 
given only in cross-section (length in the direction of the 
main longitudinal axis is considered semi-infinite). 
However, treatment of in-canyon wind is fully three-

dimensional, as is the incorporation of solar position in 
the computation of short-wave radiant exchange.  

The CAT model treats each of the following factors 
components of the heat balance as follows: 
 
1.1. Radiative exchanges 

Net radiation (Q*) may be measured directly, but is not 
usually monitored in a standard meteorological station. 
Furthermore, net radiant exchange depends on the 
orientation of the relevant surface, its angle of tilt with 
respect to the horizon and its degree of exposure to 
direct solar radiation, to the sky and to other terrestrial 
surfaces. The CAT model therefore utilises more 
commonly available data  - global solar radiation and 

diffuse solar radiation, both on an unobstructed 
horizontal surface, and cloud cover, all recorded at the 
reference station. Net radiant exchange at the reference 
station and on each surface in the urban canyon is then 
calculated on the basis of solar geometry and the 
respective view factors of the participating surfaces.  
Incoming direct normal (beam) solar radiation is 
calculated from measured global radiation and diffuse 

radiation, taking into account solar elevation. Beam 
radiation is then used to calculate the direct component 
on building surfaces, with respect to orientation and 
mutual shading by other canyon surfaces. The proportion 
of each surface exposed to direct radiation is calculated 
using a model that allows input of separate (different) 
values for each canyon wall. In addition, the height and 
setback of adjacent buildings may be input to account for 

obstructions created by buildings that are much taller 
than those forming the primary canyon perimeter, or for 
tower blocks constructed on a ‘podium’ that comprises 
the actual canyon walls. Canyon surfaces not exposed to 
direct solar radiation, including portions of exposed 
surfaces shaded by adjacent walls, are considered as 
being illuminated by diffuse radiation and by reflected 
radiation only, in proportion to the respective view factors 
for each of the source areas. 

The time-dependent total solar radiant flux on the i th 
canyon surface receiving direct solar radiation as well as 
reflected radiation from j other canyon surfaces is thus 
given by the following expression:  

! "+ #"+#+"=
j
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 (4) 
where I(t) is the mean hourly total solar radiation incident 
on the surface (W m

-2
), PSA is the partial shaded fraction 

of the surface, Idir(t) the hourly mean unobstructed direct 

component of the solar radiation, Idif(t) the hourly mean 
unobstructed diffuse component of the solar radiation, 
Idir+dif(t) the combined direct and diffuse components of 
the solar radiation, ! the view factor between two 
surfaces, mj the solar absorptivity of surface j (W m

-2 o
K) 

and !s the mean sky view factor for a surface. Reflected 

radiation, as noted above, takes into account primary 
reflections only.  
Incoming long wave radiation (L") is calculated from the 
dry bulb temperature of the air and from atmospheric 
humidity for clear sky conditions via the empirical 
correlation proposed by Brutsaert (1982) for atmospheric 

emissivity, 

( ) 7
1

24.1
aaa
Te=!  (5) 

where ea is the partial water vapour pressure of air (mb) 
and Ta air temperature (K). The partial water vapour 
pressure of air may be calculated from relative humidity 
and air temperature following the procedure set out in 

ASHRAE (1989).  
Sky radiation is calculated using the Stefan-Boltzmann 
relationship 

4
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TL !"#=

 (6) 
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where # is the Stefan Boltzmann constant (5.67*10
-8

 W 
m

-2
 K

-4
), $a is sky emissivity and Ta air temperature (K). 

A correction factor incorporating the effect of clouds on 
L" is applied following Martin (1989): 

clear
LnnnnL !+"+=! )00028.00035.00224.01()( 32

 (7) 
Compared with other empirical corrections for the effect 
of clouds, such as the one proposed by Oke (1987), this 
expression sacrifices accuracy for simplicity of 

application: it requires no information on cloud type, 
which may not always be available in standard 
meteorological records. 
The approach adopted in the CAT model for calculating 
outgoing long wave radiation is a compromise between 
detailed modelling of surface temperature and the use of 
ambient air temperature as a surrogate for it. The former 
is accurate, but requires a detailed description of the 
(time-changing) thermal properties of the solid, whereas 

the latter is simple but less accurate. Surface 
temperature is approximated by the ‘sol-air temperature’, 
which is defined as “the equivalent outdoor temperature 
which will cause the same rate of heat flow at the surface 
and the same temperature distribution throughout the 
material as results from the outdoor air temperature and 
the net radiation exchange between the surface and its 
environment” (the commonly used notation has been 

modified to conform to conventions used in climatology): 
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where Tsol is given in K, K" is incoming short wave 

radiation (W m
-2

), % is short wave absorptivity of the 
surface, $s is the long wave emissivity of the surface, L* 
is net long wave radiation at the surface (W m

-2
) and hc 

the surface convective heat exchange coefficient. The 
outgoing long wave radiation (L&) is itself a function of 

the sol-air temperature, so its value is obtained by 
iterative calculation of the expression above until Tsol is 
obtained to an accuracy of less than 0.5K. The 
contributions of the ground surface and vertical surfaces 
of the canyon are calculated separately taking into 
account their respective view factors to the sky. 
 

1.2. Heat storage (Qs) 
Heat storage is modelled using the Camuffo & Bernardi 
(1982) formulation:  
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where t is time; parameter a1 indicates the overall 
strength of the dependence of the storage heat flux on 
net radiation; a2 determines whether the curves !QS and 

Q* are exactly in phase (a2=0), or !QS precedes Q* 

(a2>0); and a3 is the size of !QS when Q* becomes 

negative (positive values indicates !QS becomes 

negative before Q*). The values of coefficients a1, a2 and 
a3 correspond to typical values proposed by Grimmond & 
Oke (2002). 
 
1.3. Turbulent heat flux (QH and QE) 

The value of hc, the surface heat exchange coefficient, is 
affected by the relative temperatures of the surface and 
the adjacent air layer, by the orientation of the surface 
with respect to the horizontal, and most importantly, by 
the speed of air movement across the surface. Since hc 
cannot be determined by analytical methods, CAT 
employs the following empirical correlations for horizontal 
and vertical surfaces, obtained experimentally on 

building surfaces at an urban site (Hagishima and 
Tanimoto, 2003): 
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where u, v and w are wind vectors (m s
-1

) and hc is given 
in W m

-2
 K

-1
.  

In the reference site, wind speed near the surface (20cm 
height) is derived from data measured at 10m height 

assuming a standard logarithmic profile. Values for the 
zero-plane displacement (d) and the roughness length 
(z0) are estimated in accordance with the aerodynamic 
characteristics of the reference site. In the case of a 
typical meteorological station, d is on the order of a few 
millimetres and z0 about 1cm. u* can then be calculated 
using a value of k=0.4 for the von Karman constant: 
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 (11) 
Using the resulting value for u*, the expression is then 
solved for vz to yield wind speed near the surface. 
The simple logarithmic profile is not appropriate in the 
urban canyon. Wind speed near canyon surfaces is 
calculated on the assumption that a vortex is formed, 

using the Hotchkiss and Harlow (1973) model, quoted in 
Yamartino and Wiegand (1986), to calculate wind speed 
near each of the surfaces from wind speed above the 
canyon top. The transverse (horizontal) component of 
the flow (u) and the vertical component (w) at any point 
in a two-dimensional rectangular notch of depth H and 
width B (in effect – an urban canyon) are given by the 
following expressions: 

! 

u = u0(1"#)
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 (13) 
where k="/B: '=exp(-2kH); (=exp(ky); y=z-H; and u0 is 

the transverse wind speed above the canyon (at the 
point x=B/2, z=H).   

The transverse flow, which is independent of the along-
canyon longitudinal flow, has a logarithmic profile: 
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where vr is the along-canyon component of the wind 
speed at reference height r above the canyon and z0 is 
the roughness length. In the absence of accurate local 

measurements, the roughness length is estimated as 
being one-tenth the average height of the canyon walls 
(Grimmond et al., 1998). 
Sensible heat flux is parameterised for each canyon 
surface from the net radiant balance (Q*) and the storage 
flux (!Qs) (De Bruin and Holtslag, (1982), in the revised 

form given by Grimmond & Oke (2002) for urban 
conditions): 
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where s is the slope of the saturation vapour pressure-
versus-temperature curve; ( is the psychrometric 

constant; and % and ' are empirical parameters. % 
depends on the soil moisture status, and accounts for the 
strong correlation of QH and QE with Q*-!QS, whereas ' 

accounts for the uncorrelated portion. 
 
1.4. Anthropogenic heat (QF) 
In the CAT model, anthropogenic heat flux QF is added 
to the sensible heat flux QH before the temperature 
modification procedure is carried out. The energy is 
treated as if it is released from a point source in the 
centre of the canyon. Monthly mean values of total 
anthropogenic heat flux density are multiplied by a 

correction factor related to the time of day to adjust for 
the typical diurnal pattern of energy consumption (Sailor 
and Lu, 2004). 
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1.5. Temperature prediction from sensible heat flux 
The local effect of the sensible heat flux at the surface on 
air temperature in the canopy layer depends on the 
exchange of energy with the mixed layer above roof 

level, and is affected by two classes of factors (Kastner-
Klein and Plate, 1999): 
• The geometry of the urban canyon, especially its 

aspect ratio; and the morphology of the buildings it is 
defined by, especially the design of the roof. For a 
given canyon, the effect of these factors may be 
considered fixed. 

• The characteristics of the airflow above the roofs, in 

particular wind speed and direction with respect to the 
canyon axis, and the magnitude of the turbulence.  A 
further factor is the state of atmospheric stability near 
the surface. All of these factors are constantly 
changing. 

An accurate evaluation of this exchange may be carried 
out numerically by CFD. However, CFD requires very 
detailed input, and is still too demanding on computer 

resources to simulate extended periods. Analytical 
models, though less stringent in their requirements, 
nevertheless require input of measurements sufficient to 
characterize atmospheric stability by parameters such as 
the Richardson number, which cannot be derived from 
typical weather stations. CAT expresses the exchange of 
sensible heat between the canopy layer and the mixed 
layer above by means of a bulk aerodynamic formulation 

for fluxes, of the general form: 

tH rTQ !=  (16) 
where QH is the sensible heat flux, obtained from the 
sum of the contributions of the individual surfaces 
comprising the envelope of the site, weighted by their 
respective areas as a proportion of the overall plan area 
of the site. !T is the temperature difference between the 

canopy layer and the base temperature in the reference 

layer, which will vary over time, and rt is a resistance to 
heat transfer across the interface between the two 
layers.  
An expression for rt was developed which incorporates 
the effects of site geometry, and which accounts for the 
effects of turbulence, and in particular, atmospheric 
stability: 

ct
hmr !)1( "=  (17) 

where ) is the ratio of the canyon surface area to the 

plan area of the site, hc is the coefficient of heat 
exchange at the surface (which is a function of wind 
speed), and m is a coefficient of turbulent exchange that 
varies with stability and wind speed. The value of m was 
obtained empirically for four separate classes of flow 
regimes, which were defined on the basis of the 
temperature difference between the sol-air temperature 
of the surface and the dry bulb temperature of the air at 

the reference site, as follows: Negligible mixing when 
!T<-2K; light mixing -2K<!T<0K; moderate mixing 

0K<!T<5K; vigorous mixing 5K<!T. Table 1 below gives 

values of m for turbulent exchange between an urban 

canyon with an aspect ratio of approximately 1.3 and the 
roughness sublayer above compared to those for an 
open reference site, for each of the mixing classes. 
 

Table 1: Values o f the coef ficient o f turbulent 
exchange m for di f ferent mixing regimes 

mixing regime open site urban canyon (H/W=1.3) 

negligible mixing 0.15 0.1 
light mixing 0.5 0.3 

moderate mixing 0.7 0.5 
vigorous mixing 0.8 0.65 

 

Canyon air temperature is calculated as the sum of the 
air temperature at the reference station and the net 
change in temperature resulting from the local 
characteristics of the reference site and the urban 

canyon: 
))()(()()( metQurbQmetaurba tTtTtTtT

HH
!"!+=  (18) 

 

2. FIELD DATA 
 
Field measurements were carried out at two urban 
canyons in Adelaide – Chesser Street, which runs north-
south, and French Street, which has an east-west axis. 
Data were sampled at 15-second intervals, and 15-
minute averages were computed by electronic data 
loggers and stored for subsequent retrieval.  

The data from the urban sites was compared with data 
recorded at a reference site at the Adelaide City Council 
Nursery, north of the Torrens River, and with records 
provided by the Bureau of Meteorology from the Kent 
Town station. 
The reference site is located in a green belt surrounding 
the central business district of Adelaide, approximately 
2100m northwest of the city centre. The urban sites are 

about 500m from the centre of the business district, and 
about 1500m southeast of the reference site (Figure 1). 
The area in the photo is the core of the Adelaide 
metropolitan area, which extends about 20kms east from 
the Gulf of St. Vincent to the Adelaide Hills, and about 
25kms from north to south. 
 

 
Figure 1: Aerial photo of central Adelaide 

 
Data representative of the whole of the study area 
included global solar radiation; diffuse solar radiation, net 
all-wave radiation and ‘effective sky temperature’. The 
reference station monitored site-specific dry bulb 
temperature, relative humidity, wind speed and direction, 
soil temperature and soil moisture. At the urban sites 
measurements were made of air temperature at several 

points in each street cross-section, relative humidity, 
wind speed and direction. 
 

3. MODEL VALIDATION 
 
The validation of the model is based on comparing 
predicted temperatures with observed data assembled in 
the experimental phase of the project. An obvious 
difficulty in applying standard goodness of fit tests to the 
predicted and observed temperature records in the 

current experiment is that there is a high degree of auto-
correlation between the variables. Thus use of the 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

214 

 
Figure 2: Comparison of predicted and observed air temperature in Adelaide, May 1999 

 
correlation coefficient (r) or its square (r

2
) insufficient. 

Therefore, in addition to comparing the observed and 
predicted variates’ respective means (O, P) and standard 

deviations (so, sp); the intercept and slope of a least 
squares linear regression between the variates; the 
errors described by the root mean squared error 
(RMSE), and its systematic and unsystematic 
components, two additional indicators were used: 
• The Willmott index of agreement (Willmott, 1981):  
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where P are predicted values, O observed ones, and 

OPP
ii
!="  and OOO

ii
!=" . In the expression above, the 

denominator of the main term represents the potential 
error of the sample while the numerator represents the 
portion of this error left unexplained by the simulated 

variate. The index of agreement varies between 0 and 1, 
1 indicating perfect agreement: 
The Williamson confirmation factor (Williamson, 1995):  
If the value ‘v’ of an input variable can provide a fairly 
close approximation to the measured parameter ‘m’, a 
model may only be considered useful if the estimated 
value of the parameter in question ‘e’ is closer to the 
observed value than this trivial approximation. The 
expression Cs=U(m,v)-U(e,m) where U(m,v) is Theil’s 

inequality coefficient between the measured value and 
the trivial variable estimate, and U(e,m) is Theil’s 
inequality coefficient between the estimated value and 
the measured value of the parameter in question, is an 
indicator of the magnitude of the error in prediction: The 
maximum value of the Cs is U(m,v), when U(e,m) is 
equal to zero, indicating perfect correlation between the 
measured and estimated values. Dividing the 

confirmation factor Cs by U(m,v) normalizes all possible 
values of this factor, giving a degree of confirmation D 
having a value between zero and unity. 

U(m,v)

,mU(m,v)-U(e
D

)
=  (20) 

The model was calibrated on the basis of data for the 
month of June 1999. Empirical values were obtained for 
the coefficients of the heat storage expression (equation 
9); for the soil moisture (equation 15) and for the 
coefficient of turbulent exchange at the canyon top 
(Table 1), so as to minimize the error in prediction of 

canyon air temperature. The simulation was then run for 
three other month-long periods using constant values for 
these coefficients. 
Visual inspection of the graph for the first ten days of 
May 1999 (Figure 2) is reassuring, since it demonstrates 
that the main trends, such as the nocturnal urban heat 
island, are described fairly accurately. Various statistical 
measures evaluating the quality of the predictions are 

shown in Table 2. The predictions for the months of May 
and March show good agreement with observed 
temperatures. The results for November are 

disappointing. Although the absolute error is not very 
large, the value of the Williamson confirmation factor is 
low because during this period, weather conditions in the 

urban site and in the reference site were nearly identical, 
so random errors in any of the inputs could lead to an 
error in prediction that was as large as the difference 
between the sites. 
 

Table 2: Validation statistics for different time periods 
(June data were used for calibration). 

 June May November March 

Mean error [oC] -0.03 -0.05 -0.12 -0.22 
Standard deviation [oC] 1.08 0.88 1.38 1.19 
Systematic MSE [oC] 0.10 0.02 0.02 0.06 
Unsystematic MSE [oC] 1.08 0.77 1.90 1.40 
Willmott index of agreement 0.95 0.97 0.98 0.99 
Williamson confirmation factor 0.51 0.58 -0.14 0.33 

 

4. DISCUSSION 
 
Accurate determination of the surface heat exchange 
coefficient hc has a direct bearing on the accuracy of the 
CAT model. The difficulty of assessing this parameter in 
environments with a complex aerodynamic morphology, 
such as the urban canyon, means that in practice, 

accurate predictions of the effect of sensible heat flux on 
air temperature require fairly accurate modelling of wind 
speed near the surface. The model incorporated in CAT 
is currently limited to urban configurations where a 
simple rotor vortex is formed, and is inapplicable where 
the canyon is too shallow (resulting in isolated roughness 
flow, according to Oke’s classification) or where it is very 
deep (resulting in very weak coupling of street-level wind 

with air above the canyon).  
Assessment of the sensible heat flux is sensitive to the 
value of the coefficient  in equation15 above. This 

coefficient, which describes the availability of moisture in 
different environments, may range in value between zero 
in hyper-arid locations to about 1.4 over oceans 

(Grimmond and Oke, 2002). In most urban sites it is 
likely to be in the range 0.4-1, but a more accurate 
determination may require calibration of the CAT model 
to a variety of locations on the basis of experimental data 
from on-site monitoring. Until such data are available, 
calibration may be carried out to fit predictions to data 
from the reference site in meteorological conditions that 
are known to result in negligible urban effects, such as 
windy, overcast weather. This procedure may only be 

carried out if the contribution of anthropogenic heat to 
temperature differences between the locations is small.    
The CAT model, in common with many models of the 
urban microclimate, assumes that net advective heat 
transfer within the urban area is negligible. It is therefore 
applicable where building density, typology and ground 
cover in the source area for energy fluxes are uniform. 
However, the presence of urban parks or large variations 

in building height and street sections in close proximity to 
the canyon being modelled may result in errors whose 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

215 

magnitude is affected by their distance from the canyon, 
the direction of the wind and the intensity of the fluxes.  
The CAT model is also incapable of analysing 
differences between the reference site and the urban 

canyon resulting from meso-scale properties of the sites 
such as topography, elevation, distance from a large 
body of water (if applicable) etc. 
 

CONCLUSIONS 
 
The CAT model demonstrates that a relatively simple 
analytical model of the urban canyon can provide 
estimates of air temperature that are substantial 
improvements over the trivial case of using unprocessed 

data from a reference weather station. However, the 
model in its current form is still limited, especially with 
respect to the types of urban morphology it may be 
applied to. It has also not been tested against field data 
from locations other than Adelaide, which may have 
substantially different micro-climates. It therefore remains 
to be seen whether the empirical calibration factors 
deduced from the Adelaide data may be applied 

elsewhere. If these restrictions can be overcome, the 
CAT computer model is seen as having several practical 
applications:  
• Evaluation of the micro-climatic effects of proposed 

planning regulations concerning land use and building 
density in new or existing urban development; 

• Evaluation of changes to the micro-climatic conditions 
at specific urban locations as a result of proposed 

changes such as new construction; 
• Use as a research tool for examining various urban 

configurations in terms of their effect on pedestrians 
and on consumption of energy in buildings.  

• Provision of data representing realistic site-specific 
meteorological conditions that may then be input to 
building thermal simulation software to produce more 
accurate modelling of energy use. 
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ventilated and mixed mode environments 
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ABSTRACT: Climate specific thermal design has been investigated in a recent study of low energy 
buildings. The thermal performance of four naturally ventilated buildings, one mixed mode and one air-

conditioned building has been investigated on the University of Newcastle campus. The research 
question asked wether thermal comfort was the primary environmental concern for low energy 
buildings in a temperate to sub-tropic climate. A three part multi-method approach to data collection 
was chosen. The empirical study combined a survey of user perceptions, climate measurements and 
observations of building use and occupant behaviour. Low levels of temperature satisfaction were 
found in winter and summer in the naturally ventilated buildings but acceptable temperature 
satisfaction was conveyed in the mixed mode and air-conditioned environments. Measured 
temperature and humidity data confirmed these findings. Observations revealed behavioural 

adaptations in naturally ventilated buildings were in response to the infiltration of outdoor temperatures. 
The paper concludes that the appraisal of the outdoor climate plays a pivotal part in the choice for low 
energy natural ventilation or mixed mode design. The study highlights the need for climate specific 
building design to ensure the best use and selection of low energy building comfort strategies.  

 
 

INTRODUCTION  
 
In Olgyay’s (1963) text “Design with Climate”, the idea of 
the “climate approach” to design was first introduced 

through his reflections on shelter. He credits the human 
ability to be adaptive for creating a diversity of building 
traditions across many climates. He also emphasises 
that regardless of the method, it has always been a 
fundamental aim to become more “thermostable” 
indoors. In our quest for thermal stability over the last 
century, it can be said that steady state air-conditioned 
environments have lowered our physiological tolerance 

for the variable indoor climates offered when using low 
energy passive design. 
Much has been written about the climate approach to 
building design, but the bio-climatic charts provided by 
Olgyay, Gentilli and Givoni have proven to be particularly 
useful in assessing thermal comfort conditions in these 
case studies. All three researchers have refined bio-
climatic charts to illustrate how thermal comfort 
tolerances are linked to indoor temperature and humidity 

conditions. In doing so, they also convey 
recommendations for providing comfort under varied 
climate conditions, using passive cooling, solar heating 
or mechanical heating and cooling supplements.  
The Newcastle case studies were undertaken to assess 
the potential for low energy design in that climate 
context. Figure 1.2 depicts an analysis of the Newcastle 
climate region using Gentilli’s (1978) Australian 

adaptation of the original Olgyay bio-climatic chart. It 
depicts the curved core comfort zone (CCZ), defined by 
outdoor humidity and temperature conditions. The CCZ 
conditions shift slightly between winter and summer. 
Here, the outdoor climate data is plotted for one full year 
and confirms that high humidity levels and moderate to 
high temperatures in summer can require air movement 
up to 4m/s. The chart also recommends solar and 

heater supplements up to 698W/m! to combat low daily 
temperatures in winter.  
In more recent times Givoni’s (2002) bio-climatic chart 
has been developed to advise upon best practise, 

climate specific design choices. Givoni theorises that 
optimal thermal comfort and low energy use should be 

achievable if climate specific materials, and design 
strategies are used. Figure 1.2 is an adaptation of 
Givoni’s bio-climatic chart showing a scatter plot of 
Newcastle temperature and humidity data. The 
bordered areas on this chart outline best practise low 
energy cooling choices relative to climate conditions. 
Newcastle’s high summer temperatures and humidity 
levels are shown at the top of the chart. The outdoor 
data lies outside the recommended zones for direct / 

indirect evaporative cooling, thermal mass or cross 
ventilation. Unfortunately, low energy cooling concepts 
could not be recommended for this region.  

  
Figure.1.1: Seasonal Outdoor temperature and humidity 
conditions plotted against Olgyay/Gentilli Core Comfort 

Zone. 
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Figure 1.2: Givoni’s recommendations for passive 

cooling concepts relative to temperature and humidity 
climate conditions 

 
Based on outdoor data, the Gentilli / Olgyay bioclimatic 
chart and the Givoni bio-climatic chart highlight the need 
for frequent cooling and heating supplements during 
summer and winter in the Newcastle Region. It is the 
selective use of heating and cooling supplements in this 
climate that is pivotal to maintaining low energy use in 

buildings designed for passive cooling or solar heating.  
The four Naturally ventilated buildings selected for this 
study are passively cooled using ventilation and thermal 
mass strategies and solar heated with minor personal 
fan assisted cooling and radiant heating supplements. 
Considering both climatic charts and some negative 
informal feedback from occupants in the naturally 
ventilated buildings, these strategies are not ideal for the 

Newcastle climate. It was important to discover to what 
extent these case studies were providing comfort.  

  
1. METHODOLOGY  
  
To develop the methodology previous mixed method 
case study approaches were considered. In thermal 
studies surveys often provide a background to more 
detailed measured temperature and humidity data. 
These methods of data collection can be used to provide 
both short, moment in time thermal comfort preferences 
or more longitudinal studies of building comfort. Results 
from short-term studies are at the core of our knowledge 

on thermal comfort standards, in particular the Fanger 
steady state comfort model and the newly adopted 
DeDear et al Adaptive Comfort Standard (ACS), both 
adopted in ASHRAE Standard 55. Soebarto (2002) and 
Hyde (2002) have provided Australian precedents for 
long-term seasonal studies using surveys and measured 
data. Humphrey’s et al (2001) in the UK have conducted 
short term observational studies. Precedents for a mixed 
method of fieldwork incorporating strands of survey, 

measured and observed data also rest with the Leaman 
and Bordass (1998) collection of PROBE studies and in 
the United Kingdom.  
In order to answer the research question this case study 
approach has maintained an holistic picture of long term 
seasonal performance. It was important to be sure that 
thermal comfort was the primary environmental concern 

influencing building performance, occupant perceptions 
and occupant actions. In doing so this study combines 
the mixed method of Leaman & Bordass, the longitudinal 
focus of Soebarto and Hyde and the observational 
approach of Humphrey’s. Longitudinal studies of thermal 
comfort in Australian residential buildings have been 

most recently documented in hot humid climates (Hyde 
and Watson 2002) and temperate climates (Soebarto, 
2002) of Australia. These approaches have assessed the 
thermal building performance of residential buildings. 
There has been less work done to replicate such studies 
on non-residential buildings in the temperate to sub-
tropic climate of the NSW mid coast. As a point of 
difference, this study seeks to assess the suitability of 
passive design strategies in non-residential buildings on 

the mid east coast.  
Four naturally ventilated buildings, one mixed mode and 
one air-conditioned building have been the subject of a 
one-year multi-method fieldwork study conducted on the 
campus of the University of Newcastle. Concern over the 
bio-climatic chart results for the prevailing climate and 
reported discomfort events in summer and winter in 
naturally ventilated buildings has prompted a fieldwork 

study of each buildings thermal performance. The 
selected fieldwork approach has taken aspects of studies 
conducted in the UK and Australia to appraise the 
suitability of each thermal design concept.  
The selected case study approach draws upon three 
areas of data collection to gain a complete picture of 
thermal comfort. Recording occupant perceptions, 
measuring the indoor temperature / humidity climate and 

understanding more about building use and design 
required a survey, data loggers and building walk-
throughs. The Leaman (1996) survey was selected and 
used as an exploratory device to assess the perception 
of all environmental factors and ascertain the 
seriousness of the thermal issues. The survey was 
issued in March of 2002 to permanent occupants in all 
six buildings. Data loggers were located in offices on all 

levels and all key solar orientations of the naturally 
ventilated buildings. The mixed mode building was 
monitored via the building management system and the 
air-conditioned building was assumed to be a thermal 
stable environment and was not logged. The use of 
windows, doors and louvres, heaters, fans, and clothing 
were noted twice a week in the spaces that were logged.  
The buildings targeted for a full assessment were 
naturally ventilated and mixed mode buildings that could 

be easily studied within the same time period and climate 
context. For the purpose of this paper, the naturally 
ventilated buildings are those that have reduced energy 
use by eliminating the use of centralised mechanical 
heating, ventilation or air-conditioning (HVAC) 
supplements. Alternatively the mixed mode building 
reduces energy by switching between a HVAC system 
and a part fan assisted, part naturally ventilated 

approach. The AC setting consumed the most energy 
annually. The mixed mode building used close to half the 
energy of the AC building. The naturally ventilated 
buildings used the least energy, due to the complete 
absence of any mechanical comfort system and 
intermittent use of low energy radiant heaters and 
cooling fans. The influence of the sub-tropic to temperate 
climate was a particular concern in this study considering 

the Givoni and Olgyay Bio-climatic charts. The 
characteristically high humidity and temperature 
combinations in summer and lengthy periods of winter 
cold were a particular concern.  
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2. RESULTS  
  
The mixed method case study approach removes the 
limitations encountered when assessing only one or two 
indicators of thermal performance. The buildings were 

assessed across all seasons but the most significant 
opportunities to assess discomfort were recognised in 
the more extreme summer and winter data. 

 
2.1 The Survey  

The survey identified that thermal comfort is the primary 
environmental concern for occupants of naturally 
ventilated buildings in a sub-tropic / temperate climate. 
Between 16 and 47 occupants in each building 
responded with response rates between 44% and 81%. 
The mean survey results in figure 1.3 indicating that NV 
buildings performed less satisfactorily compared to 
summer and winter temperature satisfaction scores in 
the MM and AC buildings. Interestingly, the summer air 

quality figures were also considered to be poor in the NV 
buildings possibly reflecting the high summer humidity 
also shown on the bio-climatic charts.  
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Mean  

 LS 
Mean  

 NF 
Mean  

 EF 
Mean  
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Mean  
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3.2  
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7= More Healthy  
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Winter Air 
Quality  
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4.6  
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4.8  

  
4.3  

  
3.7  

  
3.8  

  
3.98  

1=Unsatisfactory  
7=Satisfactory  

Figure 1.3: Mean survey results relating to thermal 
comfort and air quality  

 
2.2 Measured Results 
The measured data analysis is based upon Soebarto’s 

use of scattered temperature plots adapted here to ,be 
compared against the deDear ASHRAE Adaptive 
Comfort Standard (ACS) and the Olgyay / Gentilli bio-
climatic chart. Figures 1.4 and 1.6 illustrate the 
relationship between outdoor and indoor temperatures 
for summer and winter. Steep regression slopes indicate 
strong relationships between indoor and outdoor 
temperatures, indicating the susceptibility of the indoor 

environment to the outdoor environment. The ACS 80-
90% acceptability zone (shown as diagonal lines on 
figures 1.4 & 1.6) and the steady state temperature limits 
(shown as horizontal lines) have been overlaid onto 
these charts to depict the acceptable comfort zones. 
Figures 1.5 and 1.7 depict where the indoor humidity and 
temperature data lies in relation to the Olgyay / Gentilli 
core comfort zone. 
Figure 1.4 indicates a zero regression slope for the MM 

building (horizontal) and a very low rate of indoor 
temperature change due to outdoor conditions. It was the 
most comfortable of the low energy building cases, using 
a mixture of mechanical and passive design to sustain 
temperatures within the summer steady state and 
adaptive 80-90% temperature ranges. The NV settings 
show greater temperature variations due to outdoor 
influences but these were often contained within the high 

range of the 80-90% ACS acceptability range. All 
temperature data fell within the acceptable ACS limits for 
both building types. The temperature results do explain 
the differences between the discomfort perceived in the 

NV building and more comfortable conditions in the MM 
building. However, whilst identifying some very high NV 
temperatures above the ACS range, the more variable 
temperatures in the NV buildings should be considered 
acceptable according to the comfort boundaries of this 
chart.  

Figure 1.4: Summer temperature results plotted against 
ACS and Steady State indoor comfort limits 

Figure 1.5: Naturally Ventilated / Mixed Mode Summer 
comparison, using Olgyay/Gentilli Core Comfort Zone 

 
Figure 1.5 indicates the zones where indoor temperature 
and humidity incidences fell about the Olgyay / Gentilli 
core comfort zone (CCZ). The NV indoor climate is much 

more varied than in the mixed mode building. The chart 
indicates that air movement up to 3-4m/s is required to 
combat conditions in the naturally ventilated spaces. 
Interestingly, moments when the air conditioning is in 
use in the mixed mode building are clearly identified by a 
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separate grouping of readings in the 30 – 40% humidity 
range. The high and varied humidity and temperature 
combinations shown outside the Core Comfort Zone of 
this chart best attribute the summer discomfort in the NV 
settings to the high indoor humidity levels. 

 

 
Figure 1.6: Winter temperature, results plotted against 

ACS and Steady State indoor comfort limits 
 
Figure 1.6 plots winter temperature conditions using the 
Adaptive Comfort and steady state limits. The mixed 

mode MM building sustained indoor temperatures within 
the adaptive 80-90% temperature range and winter 
steady state range. This time the indoor temperatures of 
the mixed mode building registered a substantial 
regression slope relationship with outdoor conditions, a 
moderate mean temperature and low minimum 
temperatures. These results acknowledge some of the 
winter discomfort registered in the MM surveys. Once 
again the naturally ventilated settings were most 

uncomfortable, experiencing a majority of low 
temperatures well below the ACS and steady state 
range. The NV settings are varied in slope but closely 
related to outdoor temperature changes. The naturally 
ventilated building experiencing the regression slope with 
the lowest winter temperatures also registered a minor 
influence from outdoor temperatures. This may be due to 
the high proportion of internally exposed precast 

concrete mass in that building. 
Figure 1.7 depicts winter temperature and humidity. 
Whilst the naturally ventilated buildings have been 
constructed across a variety of lightweight to high mass 
construction types and mixed orientations, the survey 
and measured data shows they all performed poorly in 
terms of summer and winter thermal comfort. It follows 
Givoni’s recommendation that there is no passive cooling 

strategy that would completely cope with this climate. 
The buildings in this study required cooling and heating 
supplements beyond the radiant heaters and fans 
provided variations in the NV and MM settings. Again the 
NV bio-climatic conditions were more varied than those 
in the mixed mode building. The chart indicates that the 
NV spaces were generally very cold and heating up to 
799W/m" was recommended at times. In the absence of 

recorded humidity data the mixed mode zone is based 
on actual measured temperatures and an assumed 

mechanically modified humidity range of 30 – 60%. The 
mixed mode building has successfully sustained core 
comfort zone conditions only three quarters of the time 
and did not reach the unreasonably low temperatures 
noted in the NV buildings. 

 

 
Figure 1.7: Naturally ventilated/mixed mode winter 

comparison, using Olgyay/Gentilli Core Comfort Zone 
 

2.3 Observations  
Clothing observations have also been used to indicate 
how each building moderates the indoor environment 
against outdoor influences. Figures 1.8 and 1.9 illustrate 
the clothing adaptations observed across the full year. 
Clothing was ranked on a scale of 1 being the least 
amount and five being heavily clothed. The male and 
female occupants wore less during summer in the 

naturally ventilated settings and wore more in winter. The 
air conditioned comparison building and mixed mode 
building occupants were least affected by summer or 
winter conditions, lesser regression slopes indicate that 
more stable clothing patterns prevailed.Figure1.10 gives 
a record of building use over the full year. Again, like the 
clothing data, these behavioural choices indicate how 
much the indoor environment has moderated the outdoor 
influences. A mixed use of occupant ventilation choices 

was made across all buildings. It was most common 
however, to open up the NV buildings as temperatures 
increased and close them down as outdoor temperatures 
decreased. This may have led to detrimental thermal 
effects in summer when it could have been more 
advisable to shut down the building to eliminate heat and 
humidity infiltration during the summer peaks. 
The mixed mode building registered little interaction 

between the manual ventilation options and its 
occupants. This is revealed by the zero regression slope 
(horizontal line). Whilst it was common across all building 
types to close down for winter, occupants still registered 
their satisfaction with the mechanical system by closing 
down during summer as well. Alternatively the naturally 
ventilated buildings registered a variety of ventilation 
uses across the year clearly showing that occupants 

exercised their individual need or desire to operate 
windows doors and louvres to gain airflows. 
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 Figure 1.9: Male clothing choices and outdoor 
temperature 

(Clothing Levels: 1= arms/legs exposed (0.3 to 0.5Clo), 2= legs 

or arms covered lightly/arms or legs not (0.5 to 0.6Clo), 3= legs 
arms covered lightly (0.6 to 0.7Clo), 4= legs/arms covered 
heavily (0.7 to 1.0Clo) 

 

  
Figure 1.10: Female clothing choices and outdoor 

temperature 
(Clothing Levels: 1= arms/legs exposed (0.3 to 0.45Clo), 2= 

legs or arms covered lightly/arms or legs not (0.45 to 0.55Clo), 
3= legs arms covered lightly (0.55 to 0.65Clo), 4= legs/arms 
covered heavily (0.65 to 1.0Clo) 

 

3. DISCUSSION  
 
The mixed method fieldwork approach has yielded 
strong evidence to suggest that in a temperate to sub-
tropic climate these naturally ventilated buildings have 
not always delivered temperature comfort during 
summer and winter. In contrast the mixed mode building 
registered acceptable comfort conditions that were 

comparable and sometimes better than the AC 
environment whilst using half the energy consumed by 
the comparison AC building.  
In summary the survey highlighted that:  

• NV occupants were least satisfied with indoor summer 
and winter temperatures.  
• MM occupants were most satisfied with summer 
temperatures, more than the NV and AC buildings, and 
winter temperature satisfaction equalled that of the AC 
building.  
• NV indoor air quality was poor in summer suggesting 
the presence of high humidity.  

• MM indoor air quality was more satisfactory than the 
NV and AC environments.  
The survey offered strong reasons to focus upon thermal 
comfort issues in the NV buildings. The measured data 
collected in the next stage revealed further evidence of 
thermal discomfort. 
 

 
Figure.1.11. Building Operation Choices  

Operation Codes: 1= Cross vent- all open, 2= Cross vent – 
corridor vent closed, 3= Single sided vent- ext wall, 4= Single 
sided vent- int. wall /corridor open, 5= Single sided vent- internal 

wall/corridor closed 

 
In summary the summer measured data revealed:  
• NV buildings adhered to the ASHRAE Adaptive 
Comfort Standard (ACS) but with a broad variation 
between very high and low temperatures.  

• The MM building adhered to the “optimum mid range” 
of the Adaptive Comfort Standard (ACS) with a tightly 
controlled range of summer temperatures.  
• The NV indoor temperatures increased moderately with 
outdoor air temperature increases (0.35°C – 0.43°C / 
1°C # OAT), and experienced very high temperature 
maximums (35 - 38°C).  
• The MM building revealed no relationship between 
indoor and outdoor temperature changes and 

experienced moderate maximum temperatures (32°C).  
• The MM and NV buildings revealed similar mean 
temperatures (24 - 25°C).  
• Adherence to the Adaptive Comfort Standard (ACS) in 
the NV buildings did not guarantee good temperature 
satisfaction.  
• The NV bio-climatic conditions frequently lie outside the 
Core Comfort Zone (CCZ) and the chart prescribes the 

need for dehumidification or air movement in the range 
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of 0.5 – 4m/s.  
• The MM building bio-climatic conditions lie within the 
CCZ at all times.  
• High indoor humidity in combination with moderate to 
high summer temperatures have identified the cause of 
summer discomfort and indoor air quality concerns.  

The necessary occupant forgiveness factor that forms 
the basis of the Adaptive Comfort Standard (ACS) is 
questionable in light of the summer survey and raw 
temperature results in this climate. Adherence to the 
ACS comfort range has not sufficiently explained the 
discrepancy between low temperature satisfaction in the 
NV buildings and high satisfaction in the MM buildings. 
Using the ACS results only, infrequent NV temperature 
highs and regular temperature fluctuations would have to 

be sufficient to explain the temperature dissatisfaction in 
the NV cases. If it had not otherwise been shown that the 
humidity data has also had a compounding discomfort 
effect then these findings could have contradicted the 
“reduced expectation” basis of the ACS chart. (DeDear 
et al (1996)  
Instead, the Olgyay / Gentilli bio-climatic charts have 
revealed that most of the time the indoor bioclimatic 

conditions lay outside the Core Comfort Zone (CCZ) in 
NV buildings. The chart prescribes that these high 
temperatures and humidity levels can often be combated 
using air flows that effect personal evaporative cooling. 
The other cooling alternative would lie with the 
intermittent use of dehumidification. Unfortunately, the 
inability to dehumidify the indoor environment without the 
use of costly mechanical plant equipment does not exist 

for these NV buildings. Based upon these results, 
passive NV cooling alternatives are not feasible in this 
temperate to sub-tropic climate.  
In summary the winter measured data revealed:  
• NV occupants reported and experienced dramatically 
low temperatures below the ACS limits two thirds of the 
time in three of the four NV buildings.  
• The MM building sustained temperatures within the 

lower portion of the ACS limit.  
• The NV relationship between outdoor and indoor 
temperature change was similar for summer and winter, 
mean temperatures (15.5-18.5ºC) and minimum 
temperatures were also very low (10-12ºC).  
• The MM buildings relationship with outdoor temperature 
change was close to that of the least responsive NV 
building result, the mean (21.3ºC) and minimum 
temperatures (17ºC) were low but reasonable.  

• The NV building with the best satisfaction score 
recorded the lowest mean temperature suggesting a 
discrepancy highlighting the benefit of direct sunlight 
onto occupants but not onto loggers.  
• The best NV temperature results did not record the best 
survey results.  
• NV bio-climatic results were mostly below the Olgyay 
Core Comfort Zone (CCZ).  

• The MM bio-climatic results were below the Olgyay 
CCZ one quarter or the time.  
• The Olgyay chart prescribed heating between 117W/m! 
and 698W/m! during winter.  
The winter results in the NV buildings suggest that 
regardless of under desk radiant heaters the very low 
ambient temperatures in the logged spaces were not 
easily overcome. Direct solar gains onto occupants in 

north facing offices seems to have delivered more 
favourable comfort scores, but generally the presence of 
thermal mass surfaces ideal for summer cooling, have 
had detrimental thermal sink effects during winter. 
Although the MM building did experience temperature 
variations in response to outdoor temperature changes, it 

still maintained a sometimes low, but satisfactory thermal 
range for occupants.  
The summary of observational findings is as follows:  
• Occupants regularly relied upon cross ventilation 
controls, personal fans or clothing variability to achieve 
indoor comfort in NV buildings.  

• It is unclear whether these actions contributed to 
establishing comfort, but the survey indicates that the 
actions were not always effective or appropriate.  
• The NV buildings were “opened up” when outdoor 
temperatures were high and “closed down” when outdoor 
temperatures were low.  
• The MM building showed no relationship between 
ventilation and the outdoor temps.  
• In the NV buildings less clothing was worn as outdoor 

temperatures increased and more clothing was worn as 
outdoor temperatures decreased.  
• The MM and AC buildings showed some relationship 
between clothing levels and outdoor temperatures, MM 
occupants were slightly more responsive than in the AC 
setting but much less responsive than in the NV 
buildings.  
The strong regression relationships between building use 

and clothing choices in the NV buildings indicate that 
these choices were made in response to outdoor climatic 
influences indoors. The tendency to use full cross 
ventilation seems to relate to the belief that by increasing 
the airflow through a room a cooling effect will result. 
Interestingly, this seems to be the primary choice over 
fan use, the use of which was very low in the NV 
buildings considering poor thermal survey and indoor 

bio-climate results. This indicates either an inability to 
achieve appropriate comfort using personal fans, a 
limited provision of such equipment or workplace 
disruption due to high airflows. The use of radiant 
heaters was more widespread but seemed unable to 
effect overall ambient room temperatures due to high 
levels of exposed thermal mass surfaces which were 
more desirable for summer cooling.  

  

CONCLUSION  
 
The mixed method case study approach has revealed 
that thermal comfort was the primary concern when 
using low energy thermal strategies in a temperate / sub-
tropic climate. In particular, high summer humidity levels 
and temperatures and cold winter temperatures have 
delivered a double-edged sword for NV buildings. The 
temperate to sub-tropic climate makes it difficult to justify 

the generous use of exposed internal thermal mass for 
cooling when it does not deal with the humidity problem 
and inhibits low energy radiant space heating in winter. 
Instead, more light weight but well insulated building 
envelopes, oriented correctly for winter solar gains onto 
occupants and thermal mass might better deal with the 
winter problem. Alternatively, the closing down of high 
mass buildings in summer and adequate heating of 
thermal mass in winter might also improve thermal 

performance. A more integrated use of fan systems and 
desiccant filtering of warm humid airflows during summer 
might limit poor comfort conditions without the use of 
mechanical dehumidification. Beyond this, the mixed 
mode building has undoubtedly offered an adaptable mid 
range of energy use whilst maintaining a high level of 
year round seasonal comfort.  
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ABSTRACT: The main objective of energy efficiency in building design is to use the minimum amount 

of energy while meeting thermal comfort standards. The most fundamental and effective design 
principle to reduce heat gains for a building in Hot Humid climates is to orientate the building to take 
maximum advantage of prevailing breezes for ventilation and for the reduction of heat gains from direct 
solar radiation for better comfort of the occupants. 
A survey using questionnaires and interviews was conducted in a terraced housing area to investigate 
the correlation between orientation of the subdivision and energy consumption and thermal comfort of 
the occupants. A total of seventy-three households from houses of various orientations were 
interviewed and the findings form part of the present research investigations. It is expected that the 

information on the correlation between orientation and energy consumption will provide the foundation 
on which energy efficient design can be developed for terraced housing in Malaysia. The results 
revealed no strong correlation between orientation of a building and its energy consumption, however 
buildings facing directions of prevailing winds are more likely to benefit, through physiological cooling, 
the effects of comfort ventilation. 

 
Conference theme: Architecture and the environment 
Keywords: terraced housing, orientation, thermal comfort, energy savings 

 
 

INTRODUCTION  
 
The orientation of a building is the direction faced by its 
external facades. Building orientation can affect the 
indoor climate of a building in two respects, that is, 
through solar radiation and the heating effect on walls 
through windows facing different directions; and 
ventilation problems associated with the relation between 

the direction of prevailing winds and the orientation of the 
building (Givoni 1976).  Often the considerations of these 
two factors may lead to contradictory orientation 
requirements especially for hotter climates where one 
orientation may provide the required higher velocities but 
on the other hand elevating the temperatures as well. 
Studies by Givoni (1976:206) suggested that in hot and 
humid conditions the priority of orientation with regards 
to indoor climate is “… to a greater extent dependent on 

ventilation and therefore orientation is more important 
with respect to winds than in relation to the patterns of 
solar irradiation.”  This suggestion was also previously 
established by Koenigsberger et.al. (1973), 
recommending that orientation for wind is more 
advisable to low-rise buildings that do not get much solar 
radiation.  
In Malaysia the prevailing winds come with the direction 

of the sunpath, that is, in the easterly and westerly 
directions depending on the time of the year. The wind 
speeds are unreliable and depend largely on topography 
and microclimatic characteristics. Therefore, low rise 
buildings that are naturally ventilated in hot and humid 
climate should be designed to optimise cross ventilation 
effects.  The building’s relationship to the wind direction 
should be a major consideration in determining the 

layout of the building particularly on locating windows 
and main rooms (Givoni 1994). This paper studies the 
effect of different subdivision orientations of terraced 
houses within a suburban context and reports whether 

any correlation exists between the building’s orientation 
and energy consumption.  The research aims, 
background, methodology, results and findings of the 
fieldwork are described below. The paper concludes with 
an outline of the future works to establish the energy 
efficiency design for terraced housing in Malaysia.    
 

1.0. RESEARCH AIM AND OBJECTIVES: 
 
The aim of this study is to investigate the level of thermal 
comfort of occupants in existing terraced houses in 
Malaysia, while trying to determine if any correlation 
exists between the main orientation of a house with 
thermal comfort and energy consumption. The study will 
also identify passive and active strategies that the 
occupants undertake to improve the thermal comfort in 
their homes. The information gathered will help to 

formulate architectural design ideas to maximize 
ventilation and reduce heat gains for the houses, which 
at present, is not the scope of this paper. 
 

BACKGROUND 
2.0. PRESENT HOUSING SITUATION 
 
Terraced houses constitute the majority (40%) of 
residential building stock in Malaysia (Department of 
Valuation & Property Services 2002). Due to urban 
growth and rising affluence large tracts of land, often 
former rubber or palm oil plantations, were acquired by 
private developers and turned into housing estates and 

mini townships. The terraced houses were usually 
planned to maximize number of units and thus the 
amount of profit for the developers. Often architects 
faced an uphill task of trying to design buildings that 
conform to the aspirations and pressures of developers 
and house buyers as well as meeting the local building 
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standards, codes and regulations but yet answering the 
climatic design issues as well. All too often the last 
reason is sacrificed in the name of profit and uniformity 
for fast construction and completion. In this process 

house buyers are often the losers. 
 
2.1. The terraced houses 
Terraced houses are long blocks of houses mostly two 
storeys linked together usually between 5-8 m wide and 
may vary in length from 6 m onwards (Figure 1). The 
common construction is reinforced concrete post and 
lintel with clay or concrete brick infill. The roof is usually 

from clay or concrete tiles. These present type of 
terraced houses, designed from the shophouses and 
rowhouses built during the 19

th
 century which had 

Chinese and Colonial influences (Yeang 1992), were 
heralded as the most appropriate housing solution and 
started to change the Malaysian urban and suburban 
landscape extensively from the 50s. But the impetus was 
from the 70s onwards during the building boom period 

that coincided with the New Economic Policy, where the 
government spent billions of dollars to extend and 
modernize the country’s infrastructure, public utilities and 
educational facilities. Today the house forms have 
evolved into homogenous buildings with commonly 
occurring layouts, space types and sizes. Only the 
facades have changed, to suit the time and preferences 
of the public. 

 

 
Figure 1: Present terraced houses 

 
2.2. Thermal Comfort Performances 
At present terraced houses are invading every spare 
land available for housing all over the country. In the cold 
climate of England where this type of housing originated, 
the minimum ventilation design is deemed necessary to 

keep the house warm (Davis, Shanmugavelu & Adam 
1997), but for hot humid climate of Malaysia this design 
is detrimental to achieving the required comfort . Davis 
also ascertained that most concrete terraced houses in 
Malaysia are comfortable for only a few hours a day, if at 

all, compared to the natural environment. Sabarinah 
(2002) in her paper reviewing thermal comfort zones for 
Malaysia found that studies established the comfort 
zones to be between 25-30ºC with 1.0 – 1.5 m/s of wind, 

for naturally ventilated buildings.  
Figure 2 shows the temperatures of indoor air of the 
living, master bedroom and outdoor air under the porch 
area of a naturally ventilated terraced house. The indoor 
temperatures were constantly above the outdoor by 1º to 

3ºK except for three to four hours in the afternoon. It 

should be noted that during that same time, indoor air 
temperatures were also above the maximum comfort 

temperatures. The findings above corroborated with 
results from the questionnaires survey indicating that 
more than 50 percent of households agree that their 
indoor conditions are uncomfortable during the best part 
of the day. This is due to poor ventilation strategies and 
disregard of other climatic design principles including the 
benefits of orientation. The concrete houses also act like 
sponges, soaking heat and slowly releasing it back to the 
indoor spaces during the night. This further exacerbates 

thermal conditions within the house, sometimes even 
throughout the night. Figure 2 also shows that 
temperatures only started to drop into the comfort zone 
well after midnight. If air conditioning is used for cooling, 
a lot of energy is being wasted because the design of the 
house does not optimize heat gain reduction. There is no 
doubt that to achieve thermal comfort in hot and humid 
conditions cooling is most necessary but does not mean 

excessive energy needed to be used through inefficient 
housing design. 
Studies in Malaysia (Mohd Rajeh 1994; Noor Aziah 
1994; Zain-Ahmed et al. 1998; Davis, Nordin & Reimann 
2002; Abdul Razak 2004; Abdul Malik et al. 1994) have 
mainly concentrated on innovations of building materials, 
hybrid construction, ventilation strategies and active 
control of cooling. Often these studies have neglected 

the potential of orientation of subdivision planning, as 
part of the scope for thermal comfort. One of the main 
principles of energy efficient design that is often 
neglected or considered not important enough is proper 
building orientation to optimize the sun and wind 
[Ballinger, 1992; Givoni, 1994). Studies have shown that 
with proper orientation and positioning of openings to 
take advantage of sun and wind, the annual energy 

consumption of a building can be reduced by about 55% 
(Mohsen Aboul-Naga, Khaled A. Al-Sallal & Diasty 
2000). This is usually not the case for housing situation 
in Malaysia. 
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Figure 2: Daily temperature variations of a typical terraced house. Note that temperature in the master bedroom 

(MBR) is only within the thermal comfort range (25-30ºC) from 2am to 11am 
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3.0. CLIMATIC CONDITIONS 
 
Malaysia is a coastal nation, rich in biodiversity and 
natural resources.  The country is made up of Peninsular 
Malaysia in the west, with Sabah and Sarawak in the 

east, lying in the hot and humid equatorial region 
between 1˚ to 7˚ North and extends from longitudes 100° 

to 119.5° East. Its climate is characterized by: 

• Uniformly high temperatures throughout the year with 

little diurnal and annual variation.  
• High and fairly even rainfall pattern, associated with the 

monsoon winds blowing at different times of the year. 
(The Northeast monsoon is dominant from November 
to March, with wind speeds of 15 to 50 km/hr. The less 
severe Southwest monsoon with winds seldom 
exceeding 25 km/hr usually occurs between June and 
September.) The rains are more likely to fall during late 
afternoons. 

• Light winds and at times long periods of still air. 
• High humidity. 
 

4.0. BUILDING DESIGN RECOMMENDATION 
FOR HOT HUMID REGIONS 
 
In designing for climate, the elements which will affect 
comfort and well-being of the occupants of buildings are 
air temperature, relative humidity, air movement and 
solar radiation (Campbell 1964; Olgyay 1969). Malaysia 
is hot and humid with average outdoor air temperature 

during the year ranging from about 23ºC at night to 33ºC 
during the day (Department of Statistics 2001). The small 
diurnal range coupled with relatively high night-time 
minimum makes it difficult to naturally cool a building 
(Givoni 1994) and achieve the desired thermal comfort 
level recommended (ASHRAE 1992; Department of 
Standards 2001). This means that local conditions will 
always require design and fabric devices to achieve 

thermal comfort (Sabarinah 2002).  
The mean relative humidity is also generally high, 
averaging above 80% for most of the time. With humidity 
and temperature being quite high, air movement, 
whether natural or induced, is usually required to 
increase the evaporation of sweat for cooling and 
comfort (Evans 1980). Evans further suggested that with 
medium to high humidities, it is possible to achieve 
thermal comfort with temperatures of 28-28.5ºC with 1 

m/sec of wind speed. The mean maximum outdoor 
temperature for Malaysia is between 29ºC to 32ºC and at 
certain times the indoor temperature can be higher. This 
would generally mean that a higher wind speed is 
necessary to achieve cooling. Szokolay (2000) also 
suggested that comfort for the tropics could be further 
achieved, by increasing physiological cooling through air 
movement up to 1.5 m/sec. In a study on natural 

ventilation for dwellings in Malaysia, Hui (1998) found 
that the mean suburban wind speed is 1 m/sec and the 
indoor wind speed was significantly less and below half 
the required 1.0  m/sec speed for achieving comfort as 
recommended by Evans. Due to this, building layout and 
proper orientation that fully utilizes the low speed 
prevailing wind should be the main design consideration 
for naturally ventilated buildings to increase the thermal 

comfort. 
Malaysia also receives moderate to high solar radiation 
throughout the year and because of high cloud density 
and high moisture content of the air, creates a condition 
of diffuse solar radiation. Solar radiation is one of the 
natural contributors of heat gain into buildings and can 
cause serious overheating of living spaces. On the other 

hand, the diffuse component of the solar radiation falling 
is useful as natural daylighting (Kannan 1994). However 
in this case, design should prevent the heat gained. 
From the above it is evident that in designing buildings 

for a hot and humid climate, there is a need firstly, to 
minimize adverse climatic conditions all the year, by 
orientating buildings to take advantage of the prevailing 
wind directions to assist cross ventilation and also to 
protect against solar intrusion. Secondly, buildings must 
be designed with good ventilation strategies, 
appropriately locating openings to catch winds for higher 
indoor air speeds and permit faster nighttime cooling. 

Thirdly, shading devices must be designed against solar 
penetration through windows and solar absorption on the 
surfaces of walls and roofs to minimize the effects of the 
solar heat gain from high outdoor temperature 
(Koenigsberger et al. 1973; Givoni 1976; Evans 1980; 
Markus & Morris 1980; Givoni 1994).   
The Malay house with all the features of climatic design 
principles is the best solution for a hot and humid 

Malaysia. However these houses are being cast aside 
and seemed not viable for the present urban housing 
trend. Escalating land prices and scarcity of it in the 
urban context is one of the main reasons why the Malay 
house is not suitable anymore. Due to the high density of 
buildings constructed fire protection became a main 
concern and the traditional building material is too 
combustible for urban situation. 

 

5.0. DOMESTIC ENERGY CONSUMPTION 
 
In Malaysia, buildings consume about 22 percent of total 

energy used, of which the commercial and residential 
sector consumes 11.5% and 10.9% respectively. The 
transportation sector makes up for 25.4%, second only to 
the industrial sector which consumes the largest amount 
of 52.2% (Department of Environment 2002).  Within the 
residential sector, lighting and cooling take up 26.3% and 
18.4% respectively, and other electrical equipment make 
up the remaining 55.3% of energy use, which includes 

consumption for hot water, refrigerators and other 
appliances (Ramatha 1994). The trend for electricity 
consumption for residential and commercial sector in 
Malaysia has always been on the increase (Ministry of 
Energy 2000). This can generally be attributed to the 
country’s projected high growth in economic activities 
and income. In reality, it may also be due to inefficiencies 
in the operation and the inherent design-related 

inefficiencies of the building sector (Balce & Soriano 
1999). This may be due to the lack of regulations 
pertaining to energy efficiency of buildings in the earlier 
years. The re-introduction of the Malaysian Code of 
Practice on Energy Efficiency and Use of Renewable 
Energy for Non-Residential Buildings in 2001 marked a 
major move by the country towards controlling energy 
use in commercial buildings. The Code however, did not 

address the basic need for optimizing energy use for 
residential sector.  
As indicated previously, Malaysia became a signatory of 
the Kyoto Protocol in 1999 and then, a ratified member in 
2002, in a bid to reduce its greenhouse gasses (GHG) 
emissions by 55% by the year 2012 (United Nations 
Framework Convention on Climate Change 2002). The 
country’s present policies for development, favour the 
use of fossil fuels and electricity, especially by industry. 

This sector has become the primary source of GHG 
emissions, accounting for almost 52% of total emissions. 
Residential sector although appearing insignificant as a 
source of GHG contributes about 7%  with the 
commercial sector around 11% (Department of 
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Environment 2002). Compared with other developed 
nations, Malaysia’s GHG emissions is relatively small but 
it is still a cause for concern, as a contributory factor to 
global warming and steps must be taken from all sectors 

to address this issue.  
Even though the GHG emission from residential sector of 
Malaysia is small, it must not be overlooked and 
reduction of the emission levels can be achieved by 
energy-efficient design for homes. With the 615,000 units 
of houses to be built by 2005 in the Eighth Malaysia 
Plan, levels of emissions can be reduced considerably if 
the houses are planned and designed appropriately to 

suit the climate, thus reducing energy usage (whether 
operational or embodied) which is, as a whole, the main 
contributor of GHG. This paper will highlight the 
possibility of energy efficient design strategies and the 
need to establish a regulatory framework for the 
residential sector to reduce energy dependency. This 
can result in substantial savings on energy consumption 
and also benefit the consumers, the country and the 

environment (Steele 1997; Smith 2001). 
 

METHODOLOGY 
6.0. RESEARCH METHODS 
 
The method of research employed was both quantitative 
and qualitative (Tashakkori & Teddlie 1998) using 
structured questionnaires and interviews as the 
techniques of data collection (De Vaus 1990). 
Temperature data was also simultaneously logged to see 
the effects of indoor temperature in the houses as 
compared to outdoor conditions and also between 

houses from the other orientations. The purpose was to 
examine the levels of thermal comfort of occupants and 
to ascertain the amount of energy consumed by the 
houses for cooling to maintain thermal comfort. The 
survey was also done to establish whether a correlation 
exists between orientation of a building and energy 
consumption. 
 

6.1. Parameters of survey 
The respondents for this project comprised of residents 
of households residing in Section 6, Kota Damansara 
housing area in Selangor, Malaysia. Kota Damansara is 
a mini township about 30 km from the capital Kuala 
Lumpur and is suburban in nature. The area lies in a 
valley, was formerly a rubber plantation and being in 
close proximity to the old Subang International Airport, is 

low lying and softly undulating. Section 6 was built in 
1996 and completed in 1998 and reflects the current 
housing situation and design in Malaysia. Several 
housing developments were looked at and Kota 
Damasara fitted into the parameters required for this 
study. The parameters are as follows:  
• Comprised of medium cost double storey terrace 

houses using conventional post and beam construction 

with clay-tiled roof. 
• House lot sizes between 6-8 m wide and 15-25 m long. 
• Comprised of various orientations under study. 
• Types of houses – corner, intermediate and end lots 

wherever possible. 
Initially, random stratified sampling was to be employed 
but due to poor response of participants, purposive 
sampling was undertaken instead comprising from the 
various orientations under study.  

 
6.2. Data collection 
One objective of the fieldwork was to examine thermal 
comfort issues of occupants by means of interviewed 
questionnaires. Information sought was basic 

demographic data, details of houses that included the 
orientation and reasons for purchasing, average monthly 
energy bill, thermal comfort conditions, active and 
passive cooling strategies and also general opinions on 

energy efficiency. Standardized thermal comfort 
questions based on Parsons (2003) were used and 
occupants’ reactions towards maintaining their comfort 
were recorded. Another objective was to establish mean 
indoor temperature values between houses of the 
different orientations. At this stage not all houses have 
been logged. However a representative sample for 
discussion will be presented.   

The data loggers used are the Gemini ‘Tinytalk II’ with 
external sensing probes and have a sensor range of –40 
to +50°C with an accuracy of plus or minus 0.2K. The 

loggers are the size of film canisters and are 
unobtrusive. The loggers are positioned between 0.9 to 
1.5 m at body height level whether sitting or standing. 

The loggers were placed far from external openings and 
sources of heat, example electrical appliances. The 
internal spaces recorded were the living room (level 1) 
and the master bedroom (level 2).  External temperature 
was also logged in the porch area to give an idea of the 
differences between indoor and outdoor conditions. The 
loggers were programmed to record dry bulb air 
temperature at 15 minutes interval. A calibration test was 

done in a wind tunnel and loggers that could not be 
calibrated properly were discarded. The third objective 
was to gather average monthly energy consumption to 
establish the correlation with orientation of the building.  
 

7.0. DATA ANALYSIS 
 
Statistical tests used to analyze the data included 
Frequencies, Crosstabulations, Pearson’s correlation 
analysis and analysis of variance (ANOVA). A 

correlational procedure was done to measure the 
strength of the relationship between the two variables 
(Diekhoff 1996). The intent was to determine if there is 
any significant difference between the orientation of the 
houses and energy consumption. All responses to 
questionnaires were analysed using the SPSS 12.0 
statistical software package. A total of 73 responses 
were analysed. 

Crosstabulations were undertaken to determine the 
correlation between the two variables discussed. The 
tests were done in two stages; firstly, for all the 73 cases 
and secondly with filters applied for consistency of data. 
The filters included houses with four to six occupants 
(mean number of occupant is 5) and houses with and 
without air-conditioner. Within the 73 cases, there are 25 
houses that do not have any air-conditioner and for those 
that do, the range is between 1 to 7 air-conditioners 

(mean number of air conditioners is 1.5). The 
calculations also take into account the numbers of the air 
conditioners. The orientations of the houses were 
recoded into 4 groups: Group 1. North-West – North-
East (NW – NE)( 316º- 360º & 0º- 45º); Group 2. 

North-East – South-East (NE – SE)(46º-135º); Group 3. 

South-East – South-West (SE – SW)(136º- 225º); and 

Group 4. South-West – North-West (SW – NW)(226º - 

315º). Electricity bills collected from the 73 households 

were grouped into intervals within the mean of RM110.39 
plus and minus one standard deviation of RM 44.30. Bills 

that were too low and too high were treated as outliers 
and not included in the calculation.  
The tests revealed no significant difference between the 
orientation of a building with its energy consumption for 
all unfiltered cases, !

2 
(N=71) = 0.093, !

2 
> 0.05. This 
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infers that orientation of a house is not a factor in low 
energy consumption. Extensive crosstabulations were 
also done for all other orientation groups and with 
different numbers of air conditioners. When filters were 

applied to the calculations, only houses in Group 1: NW 
& NE with four to six occupants and having up to four air 
conditioners, were found to have any significant 
difference, where !

2
 (N=15) = 0.027, !

2 
< 0.05. The 

energy bills of all the houses were also subjected to 

ANOVA to determine if there is any significant difference 
in energy consumption between the houses from the 
different orientation groups. The result also showed no 
significant difference, where P > 0.5 (F = 1.503, df = 3, 
67).  
 

8.0. SUMMARY OF FINDINGS 
 
From the analysis above and other descriptive statistics 
undertaken a summary of findings can be established as 

follows: 
* The study found no significant correlation between the 
orientation of a house and the energy it consumed. The 
recommendations (Koenigsberger et al. 1973; Givoni 
1976) that a low-rise building should be orientated for 
prevailing winds, in this case, should then be considered 
even more important for the design of naturally ventilated 
terraced houses for comfort ventilation (Givoni 1994). 

The temperature data in Figures 4a & 4b show slightly 
cooler indoor air of 2ºK by the East-West orientation, 

indicating that there is a potential in capturing prevailing 
breezes into indoor spaces for extra comfort but not 
necessarily less energy use. 
* 63% of occupants gave choice of orientation as an 

important reason when purchasing their house. This 
choice may also be attributed to cultural or geomancy 
preferences rather towards energy efficiency reasons 

alone. When given the choice to select a better 
orientation on the basis of potential energy efficiency, 
only 15% of occupants will commit to purchase a house.  
• Thermal comfort is a new concept to most of the 

respondents and they are not aware of the problems until 
enquired. From the data collected 38% of respondents 
felt uncomfortable at all times especially between 12.00 
noon to 9.00 p.m. 50% of respondents are generally not 
satisfied with their present thermal comfort condition of 
their houses and only 16% are generally satisfied while 
the remaining 34% felt that their indoor condition is just 
right. This could be due to the fact that 70% of the 

respondents are first-time owners of houses and 
probably the only one at this stage. Therefore they are 
less likely to complain and will adapt to whatever thermal 
conditions the house has to offer. 
• Occupants are conscious of doing a lot to increase their 
thermal comfort. Almost all of them will either open or 
close windows, blinds or curtains to admit any wind into 
the internal space or to block of any direct sunlight when 

required. Other passive design activities to increase 
thermal comfort include installing shading devices (56%), 
increasing the volume of spaces (50%) through 
renovations, more permanent openings for continuous 
ventilation (38%), ventilating the roof (40%) and planting 
more trees and plants (66%) to assist cooling. For active 
cooling strategies most respondents will switch on fans 
and air conditioners when the indoor conditions got too 

hot, which is most of the time. 
• When asked if they would consider purchasing a more 
energy efficient house even though the price can be 
higher, almost 75% of respondents agreed. Most of them 
are not familiar with the concept of energy efficiency, but 
they are very aware of spending more money to cool 
their house down to maintain a certain level of comfort.  

 
Figure 4a: Temperature of living rooms in East-West front and back facing houses. Mean temperature is 29 ºC. 
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Figure 4b: Temperature of living rooms in North-South front and back facing houses. Mean temperature is 31 ºC. 
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CONCLUSIONS 
 
The findings above indicate a need for energy efficient 
design guidelines or codes for the design of residential 
buildings in Malaysia. As had been discussed earlier, this 

sector contributed about 7% towards GHG emissions 
and even though it is a small percentage but it is by no 
means negligible. The numbers of houses being built are 
increasing yearly and if these houses were planned and 
designed appropriately to suit and respond well to the 
climate, a more energy conscious environment can be 
expected. This study was just to establish the role of 
proper orientation for hot and humid climate of Malaysia 
particularly for the suburban situation. A lot more can be 

done with respects to other energy efficient design and 
planning principles which can improve the thermal 
comfort conditions of the terraced houses.  
Future works will include computer simulation to study 
the thermal performance of alternative energy efficient 
design strategies to be proposed for the terraced 
houses. A cost analysis will also be undertaken to 
determine savings anticipated from using a more energy 

efficient design outcomes. Further work is required to 
establish the need for an energy efficient design building 
code and regulation, akin to the Building Codes of 
Australia - Energy Efficiency Measures BCA Vol. 2 
(Housing Provisions) PART A - REGULATORY 
PROPOSAL (Australian Building Code Board 2002). This 
code if put into place in Malaysia, will ensure more 
stringent energy efficient building design and 

performance and ultimately reduce GHG emissions and 
save money. 
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Managing a cold, damp house 
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ABSTRACT: The climate in New Zealand is mostly cool and humid. Houses in New Zealand are 
generally constructed of timber, naturally ventilated, un-insulated if built prior to 1978 and frequently 
under-heated. These circumstances result in widespread problems of discomfort and sickness. It has 
been estimated that one third of New Zealand houses have mould inside (Howden-Chapman 2002). 
Recent medical research has shown links between respiratory illness and cold, damp, overcrowded 
houses (egg. Baker et al 2000). Damp and cold are serious problems in New Zealand housing.  
The prompt for the study reported in this paper was a colleague’s remark that such problems are 
caused “not by the house itself, but the way people use it”. The author was able to test this proposition 

firsthand after moving into a small un-insulated house. This limited study showed that whilst it was 
possible to achieve tolerably warm and dry conditions through the actions of occupants and ‘correct’ 
use of ventilation and other hygrothermal variables, some of the actions required were counter-intuitive 
and most needed high levels of commitment and knowledge. The study suggests that the solution to 
the cold, damp house problem lies more in its design than in educating or regulating the occupants.  
 
Conference theme: Architecture and the environment 
Keywords: housing; damp, cold, behaviour 

 
 

INTRODUCTION  
 
Over centuries of conurbation, people have learned that 
overcrowding, poor sanitation, damp and cold will 
combine to make people sick, yet until recently we have 
accumulated surprisingly little scientific knowledge about 
the health effects of the domestic environment (Howden-
Chapman et al 2004). In New Zealand from as early as 

1887, surveys into the state of housing and its relation to 
health have been conducted, but “serious” research into 
housing and health only began in the early 1990s when 
the adverse social and health impacts of economic 
restructuring started to emerge (Bullen, 2004). Since 
then, various advocacy research projects have shown 
links between inadequate housing, income and ill-health 
(e.g. Kearns et al 1992, National Health Committee 
1998). Half the houses in New Zealand lack insulation 

(BRANZ 2001), while one third have visible mould inside 
(Howden-Chapman et al 2002). Ten percent of people 
live in overcrowded conditions in low rent under-insulted 
under-heated housing – conditions that are now known 
to place households at much greater risk of being 
infected with a range of communicable diseases, 
including meningococcal disease which has been at 
epidemic proportions in New Zealand since 1991 

(McNicholas et al 2000, Baker et al. 2000).  
People have also learned over the centuries that the 
answer to cold and damp in housing is sunshine and 
fresh air. In New Zealand, the traditional way to ventilate 
a house is by openable windows. The literature also 
leads us to the conclusion that ‘natural’ ventilation works 
if properly designed. For example, in the New Zealand 
Building Code, manually operated windows are an 

acceptable solution to the ventilation requirements for 
domestic dwellings (Building Industry Authority 1998). 
There is wide-spread scientific and professional 
acceptance that indoor air quality and ventilation are 
linked, and that natural and passive ventilation can be 
effective (egg. Standards New Zealand 1990, BRANZ 
2003). 

Yet the problem persists - many New Zealand houses 
remain cold and damp despite meeting code 
requirements. In a large survey, a third of New Zealand 
households reported visible mould in their houses 
(Howden-Chapman et al 2002). The production and 
concentration of moisture in a house increases with 
household population, which is an added health problem 

for the more than ten percent of New Zealanders who 
live in crowded conditions (Howden-Chapman 2004). 
The existence of damp and mould in a house indicates 
conditions that are highly conducive to the spread of 
communicable disease, with risk factors increasing 
exponentially with increases in the number of people per 
household. A case-controlled study of meningococcal 
disease among Auckland children found that household 

crowding was the most important risk factor for this 
disease, with 200 fatalities out of 5000 cases over ten 
years (Baker et al 2000). 
If roughly one third of New Zealand’s houses are damp 
and cold, what causes the difference between them and 
the roughly two thirds that are warm and dry? Is natural 
ventilation a reasonable option in a cold damp climate? If 
the theoretical answer to this is yes, what can we expect 

people to reasonably know and do, to keep a house 
warm and dry? These questions were further explored 
through the author’s first-hand experience of living in a 
cold damp house. 
 

1. DESCRIPTION OF CASE STUDY HOUSE AND 
HOUSEHOLD  
 
1.1. Layout  
The subject house is a two-storied flat-roofed “box”, 
designed by the noted Austrian modernist architect Ernst 
Plischke, and built in 1963. It has a total floor area of 

approximately 120m2 and an enclosed volume of about 
340m3. Construction comprises a timber frame, timber 
weatherboards and plaster linings, timber windows with 
single glazing, and strip-timber floors. The under-floor 
space is ventilated to code requirements, which in 
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Wellington’s windy climate means that the space is well 
ventilated. Although basic, the building is well 
maintained, with no evidence of leaks. The size, 
materials, construction and layout of this building is 

typical of the modest bungalows and two-storey houses 
constructed post WWII in New Zealand (Figure 1). 

 

 
Figure 1: Floor plans of subject house 

 

1.2. House features salient to the investigation  
Certain features of the house are important in the context 
of this investigation.  
The bathroom has a shower box with its own side-hung 
casement window which opens out against the prevailing 
northerly wind, resulting in a partial vacuum across the 
open portion of the window. The room contains a wall-
mounted fan heater rated at 1.8kw. 

The kitchen is a separate room. It is equipped with a 
standard electric four-burner stove. A range hood is 
installed above window head (approximately 1.2m above 
bench level) but is not vented to the outside and was 
disconnected by the previous owners (presumably 
because it served no useful purpose given the excessive 
height above stove-top and the lack of external venting). 
There is no dishwasher. The kitchen has two top-hung 

casement windows, located diagonally opposite each 
other and behind the sink and stove respectively. The 
kitchen is located on the south-west corner of the house 
in the lee of the prevailing north-westerly, which probably 
causes some negative pressure outside the west-facing 
and south-facing kitchen windows.  
The laundry equipment comprises a two-bowl sink, a 
washing machine and a condenser drier (i.e. a drier that 

condenses moisture from the clothing into a tray). There 
is a clothes hoist outside. 
 
1.3. The household  
The household consists of two adults and one eleven-
year old child. Both adults work during the day, and the 
child attends school, so during weekdays the house is 
left unattended and locked up from about 8am to 7pm. 
About one weekend in three a friend of the child sleeps 

over, and there is the occasional gathering or party with 
up to 8 people sharing a meal.  

 
3. RESEARCH METHOD 

 

The research reported in this paper is designed to 
explore the proposition, implicit in the Building Code and 
industry practices, that natural ventilation by means of 
openable windows, in New Zealand conditions, is 
scientifically viable and (since the successful operation of 
a ventilation system depends on human behaviours and 
interventions), operationally reasonable. The specific 
issue being addressed in this case study is the degree to 

which it is physically possible and humanly reasonable to 
maintain warm and dry conditions in an un-insulated 
light-weight timber building in a cold damp climate – a 
problem that afflicts about one third of New Zealand 
households. The study could also throw light on possible 

reasons why some houses “work” and others don’t. 
The opportunity for the case study arose when the author 
and his family moved into an un-insulated and poorly-
heated timber house, located in a city-fringe suburb of 

Wellington, New Zealand. On move-in, and over a period 
including two winter months, the internal conditions of the 
house were studied in relation to household activity and 
occupant behaviours. The methods used involved 
observations, experiments and measurements that would 
be within the reasonable capacity of most householders, 
using equipment available to most householders. The 
reason for this approach was to set up the possibility of 

similar practical enquiries being made by others in similar 
circumstances. Table 1 displays the simple instruments 
used in making measurements of moisture generation, 
moisture deposits in the form of condensation and 
dampness, power consumption. Table 2 displays the 
measurements made in various parts of the house and 
Table 3 displays the main observations made of 
occupant behaviours and household activities that were 

predicted to influence hygrothermal conditions in the 
house, or are a response to the conditions. 
Observations and measurements focused on the 
moisture-intensive locations and activities in the house 
(the kitchen, laundry and bathroom), and the effects on 
parts of the house where there was evidence of moisture 
build-up (egg. visible condensation, damp clothes, and 
mould growth). In each situation involving major changes 

in levels of moisture and/or heat, observations were 
made of the normal activity and normal behaviours of 
householders (the author included), and the effects of 
activity on the hygrothermal conditions indoors.  
Following studies of normal behaviours and their effects, 
experiments were carried out on a trial and error basis to 
test various ideas for improving warmth and dryness. 
These involved ways to increase ventilation, reduce the 
production of pollutants, reduce the presence of moisture 

by means other than ventilation, increase indoor air 
temperature, reduce radiant heat losses, and trying other 
means of maintaining thermal comfort. 
 

Table 1: Instruments and apparatus used in the study, 
with typical applications 

Instrument or apparatus Typical measurement application 
(more fully described in Table 2) 

Cooking thermometer, 0 – 100 
degrees Celsius 

Water temperature; air temperature 

10 litre bucket and watch Shower water usage in litres/minute 

Incense stick Direction of air movement 
AEG condenser clothes dryer Moisture retained in clothes, washing, 

bath towels 

Cotton cloth and graduated 
medicine glass 

Surface moisture, egg. in shower and 
on windows 

Tape measure Dimensions of windows, vented areas 
20cm pan with lid, water, graduated 
kitchen liquid measure 

Rate of moisture release to the 
atmosphere from boiling water 

 

4. RESULTS 

 
The results are arranged into three sections: the 
condition of the house on move-in; the habitual 
behaviours of the householders and their effects on 
indoor conditions; and the results of experiments and 
adjustments to systems and occupant behaviours. The 
results are further organized according to the main 
moisture-related locations in the house – bathroom, 

kitchen, and laundry. In the interests of brevity, only a 
selection of the results is given here. Readers interested 
in more detail are invited to contact the author. 
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Table 2: Phenomena studied in the subject house 
Location Phenomenon measured and/or observed Units 

Typical rate of water consumption in the shower, by each user  litres/minute/ea 

Shower water temperature, typically selected by each user 0C 

Residual moisture on surfaces of shower compartment after showering mls/day 
Residual moisture outside shower compartment after showering, on bathroom surfaces and within towels, 
bathmats and other fabrics  

mls/day 

Direction of air movement within bathroom Relative position 

Time taken for condensation on windows to clear hrs/mins 

Area of ventilated openings (windows) cm2 

 

Bathroom 

Temperature rise in bathroom from heater 0C/min 

Typical amount of hot water consumed in washing dishes litres/day 
Hot water temperature in kitchen (from separate storage cylinder for kitchen) 0C 

Rate at which boiling water from a 20cm pot without lid transfers moisture to the atmosphere litres/hr 

Rate at which boiling water from a 20cm pot with lid transfers moisture to the atmosphere litres/hr 
Moisture condensed onto single glazed windows mls/m2 

 
Kitchen 

Time taken for condensation on windows to clear hrs/mins 
Moisture in a 5kg load of washing mls/5kg load Laundry 

Moisture in 5kg of “dry” clothes left in laundry basket for 1 day mls/5kg load 

Average daily power consumption over 6 month period February - July Kw/day 

Mould growth Visible trace 

Incoming temperature of water (cold) 0C 

Temperature of stored hot water 0C 

Power rating of appliances and equipment (heating and moisture-related) Kw 

 

Whole house 

Air temperatures indoors and outdoors 0C  
 

Table 3: Observations of householder behaviours 
Location Observations of behaviours 

Pre-shower preparations involving heating, ventilation, and preparations for moisture control 

Shower use, involving shower curtain operation, temperature and pressure of water, adjustments to the direction of shower head and 
duration of shower 

 
Bathroom 

Post-shower behaviours, involving drying the body, adjusting the room and equipment to reduce residual moisture in the room and to 
ventilate the room, controlling the room and heater for comfort, and dealing with wet towels 

Food preparation and cooking, involving menu choice, methods used in cooking (especially those that produce steam), duration and 
times of kitchen use 

Dish washing and cleaning activities involving the use of hot water 

 
Kitchen 

Use of appliances requiring electricity, and/or producing moisture  

Frequency in use of clothes washer and hand wash tub 

Frequency in use of clothes dryer and other means used to dry clothes 

 
Laundry 

Ironing, involving the use of steam 

Bedrooms Use of storage facilities for clothes 

Use of doors and windows for ventilation Whole house 

Heating equipment use and “keeping warm” behaviours 

 

4.1. Condition of the house at move-in, and short-
term action 
At move-in, the house was structurally sound and free of 
leaks, although openable windows on the north façade – 
facing the strongest wind-driven rain – were sealed and 
screwed shut. The hinges of several windows were badly 
rusted, most notably the window in the shower recess 
which evidently had not been opened for a long time. 

There was mould on interior surfaces and fabrics 
throughout the house, but most severe in the shower 
recess, in all bedroom wardrobes, in the laundry, and on 
the wall behind curtains in the living/dining area. Without 
supplementary heating on overcast days or at night the 
temperatures inside the house nearly matched external 
temperatures. On an overcast day in autumn or winter, 
indoor temperatures were typically in the range of 9

0
C to 

12
0
C. On a clear night, indoor temperatures were 

typically 5
0
C to 7

0
C. The lowest indoor temperature 

recorded in the study period was 3
0
C. However, on 

sunny afternoons high indoor temperatures were 
experienced due to the large area of west-facing 
windows. The un-insulated bare-timber floor at ground 
level, un-insulated ceiling at first floor level, and 
wall/window surfaces were all cold (even when the air 
temperature was raised by heating), so that the overall 

experience of the house was cold. 
On move-in, all indoor surfaces were scrubbed and 
mould areas treated with a proprietary product. Curtains 
were removed from the bedrooms and living/dining area 
because of their damp and mouldy condition, and for 
aesthetic reasons. Soon after move-in, electric blankets 
were fitted to the beds (which had felt permanently 
damp) and electric fan heaters were installed in the 

child’s bedroom, the living room and the study. These 
overloaded the electrical circuits when operated at the 
same time, requiring additional circuits and a new 
switchboard. 
 
4.2. Householders’ normal behaviours, and the 
consequences for indoor conditions 
This section summarizes the normal actions and 

behaviours of the householders that most affect the 
indoor environment, particularly hygrothermal conditions. 
“Normal” behaviour here means intuitive actions and 
habits that were not yet influenced by experimentation 
and a closer study of solutions to problems of cold and 
damp. 
4.2.1. The bathroom 
Each member of the household took a shower once a 
day, normally in the mornings. Baths were taken on 
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average once in two weeks, for relaxation rather than 
washing. Table 4 displays the normal behaviours, and 
their effects on hygrothermal conditions. 
4.2.2. The Kitchen 

Adult members of the household take turns to cook, 
sometimes cook together although this is made awkward 
by the small dimensions and layout of the kitchen. 
Typically, breakfast comprises a hot drink (tea or coffee), 
cereals, fruit and toast during weekdays and a cooked 
breakfast such as poached eggs one or two days in the 
weekend. The evening meal is the main meal of the day 
in this household, generally involving stove-top cooking 

methods – broiling, pan frying, wok cooking, or (less 
frequently) oven cooking – roasting and baking. Table 5 
displays the typical kitchen behaviours, and their effects 
on hygrothermal conditions. 
4.2.3. The Laundry 
Laundry equipment comprises a double laundry tub, an 
AEG front-loading washing machine, an AEG front-
loading condenser drier, and two large baskets for dirty 

and clean laundry. Outside there is a rotary clothes hoist 
about 5m away from the laundry door.  
Laundering is done about three times a week, amounting 

to about 30Kg of washing per week. In this household, 
cotton clothes and bed linen are favoured over synthetic 
fabrics, and take up more water. The washing machine is 
set to spin dry at 1000rpm.  

 
4.3. Adjusted behaviours and resulting effects on 
hygrothermal conditions 
Within a week or two of moving into the house, having 
initially adopted the “normal” behaviours outlined above, 
it became obvious that changes of some kind would be 
necessary to achieve tolerably dry and warm indoor 
conditions. Plans were made to insulate the house, 

install double glazing and install heaters and/or a heat 
pump. However, because these measures are beyond 
the means of households that typically occupy cold, 
damp houses , it was decided to first test the extent to 
which improvements could be made by adjustments to 
householders’ behaviours and/or simple, low-cost 
changes to the house.  
Using a trial and error approach, various ideas were 

tested in the bathroom, kitchen and laundry areas, and in 
other parts of the house generally. Table 7 summarizes 
the strategic approaches that were adopted. 

 

Table 4: Normal bathroom usage, and typical effects 

Activity/behaviour and apparent reason Effects on hygrothermal conditions 

Enter the room. Close the door for privacy and to reduce cooling drafts Closed door helps limit the spread of moisture to other parts of the house 

Close (or not open) bathroom window to keep warm Prevents ventilation to the outside; glass surfaces fog and “weep”, other 
surfaces glisten with damp 

Turn on the space heater to keep warm Raises temperature by 4 – 50C in about 8 minutes; mixes air within room, 
raises dew point 

Turn on shower and adjust mixer for temperature and pressure to suit 
personal preferences and comfort 

Enter shower compartment, close shower curtain and wash body and/or 
hair for 5 to 8 minutes. Curtain stops water splashing onto floor 

Shower uses an average 8 litres/minute, at temperatures ranging from 45 to 
500C; hot water costs are in the range 40 to 86 cents per shower; 
condensate on cold surfaces about 30mls/m2 = approx 800mls on walls, 
ceiling and windows 

Push curtain aside and step out of shower dripping wet. Urgency is get 
towel and to keep warm 

Water on shower walls, on step and on floor = 200mls; moisture in bathmat 
= 180mls;shower curtain remains damp when bunched up 

Partially dry body, wrap body with towel, dry hair with dryer Hairdryer adds heat to room, also moisture from hair (est. 100mls). 
Moisture in 1 towel = approx 140 – 170 mls (x 3= approx 500mls) 

Leave window closed, OR (rarely) open the window 
If opened, to ventilate room 

If closed, room surfaces remain damp for hours, even to the next day; if 
open, cools the room, which dries over several hours, towels left in 
bathroom remain damp to next day 

Leave bathroom, door open; bathmat left on the floor, personal towel left in 
bedroom or bathroom 

Moist warm air escapes to colder house, mists all windows after three 
showers (approx. 350mls) ; towels dampen bedrooms.  

 

Table 5: Normal kitchen usage, and typical hygrothermal effects 

Activity/behaviour Effects on hygrothermal conditions 

Enter the kitchen from living area, leaving the door open. Close any open 
windows; 

Open kitchen door results in the spread of moisture to the living area, 
evidenced by fogged windows in living area; 

Prepare food for cooking egg. wash vegetables with cold water Negligible short-term effect on atmospheric moisture; longer term effect by 
evaporation from moist peelings/waste, dishcloths, tea-towels etc are left in 
kitchen 

Cook with water at or near boiling point, in open pots, egg. . making soup, 
cooking pasta, reducing liquids.  
Windows closed 

300ml of water boiling in a 20cm diameter open pot evaporates in 10 
minutes. Heavy condensation, “weeping” on closed windows puddles form 
on cills. Windows take over 2 hours to 50% clear, residual water present 12 
hours later. Some “weeping” condensate on living room windows.  

Cook by steaming or stewing, with lids on, egg. making a stew, steaming 
vegetables. 
Windows closed 

300ml of water at boiling point in a 20cm diameter closed pot evaporates 
70ml in 10 minutes. Windows fully misted but not “weeping”. Windows start 
to clear in centre of pane, starting with windows nearest stove, 50% clear in 
one hour, fully clear after 2-3 hours 

Cook by baking in oven, egg. roasting.  
Windows closed 

Negligible condensate on kitchen or living room windows; kitchen warms one 
or two degrees Celsius 

Draining cooked vegetables, pasta etc. Produces sudden increase in atmospheric moisture, fogs windows, adds to 
“weeping” windows and walls 

Appliance/equipment use, egg. electric jug, and dishwashing Produces sudden increase in atmospheric moisture, fogs windows, adds to 
“weeping” windows and walls. Hot water from kitchen HW cylinder is at 660C, 
produces significant quantities of steam when the sink is filled, or items are 
rinsed under a hot tap. 
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Table 6: Normal laundry usage, and typical hygrothermal effects 

Activity/behaviour Effects on hygrothermal conditions 

Washing done in evenings or weekend (daytime); 3.5kg load, cold wash 
normally, occasional hot wash. Washer rated at 2Kw 

Negligible observable moisture release into indoor atmosphere 

Small items or urgently needed items are dried in the drying machine, the 
bulky items on the clothes line. Condenser-type dryer rated at 2.05Kw, 
dries load in 45 minutes 

Water condensed into drawer within machine, negligible observable moisture 
release into indoor atmosphere. A 3.5Kg load of spun-dry laundry holds 1.45 
litres of water. 

Clean, dried laundry is left in laundry basket until ironed or folded and put 
away in laundry and bedroom cupboards 

A 3.5Kg load of “dry” laundry absorbs 115mls of moisture over a day in the 
laundry 

Steam ironing done in living area Steam iron releases 400 – 600 mls of water into air and clothes when ironing a 
3.5Kg load of laundry. 

 

Table 7: Strategic approaches to maximizing warm dry conditions 
Ref Strategy Description/example 

1 Minimise moisture production Reduce or prevent the production of steam/moisture and its introduction into the indoor environment 
2 Ventilate Remove moisture-laden air to the outside of the house as soon as possible after it is produced, by the 

shortest route possible. 

3 Localise moisture Limit the spread of moisture from the point or room in which it is produced, to other parts of the house 

4 Remove moisture Remove moisture (in liquid form) from the house where it forms in quantities large enough to enable 
collection and disposal 

5 Heat (in conjunction with ventilation) Raise air temperature to support more moisture, maximize ventilation efficiency, and increase comfort 
6 Reduce heat loss from people in the 

house 

Limit radiant heat losses from occupants to cold house surfaces; reduce heat losses due to convection and 
conduction; increase personal insulation through clothing etc. 

 
In each space (egg. kitchen) and for each activity (egg. 
cooking) there are many combinations of the physical 
variables (under the control of householders), that affect 
the hygroscopic state of the system. For example, a 
person taking a shower in this house has control over 
four architectural variables affecting ventilation: two 

windows (each independently open or closed), one door 
(open or closed), and a room heater (on or off). In this 
instance there are 16 possible settings. The windows 
may be opened to varying degrees, further increasing the 
possible number of settings. 
Table 8 displays the combinations of behaviours and 
physical settings that worked best to keep the house dry 
and tolerably warm, with the least disruption to normal 

household functions. 
 

CONCLUSION 
 

This case study was used to explore various questions 
related to household living conditions in New Zealand’s 
cold damp climate – does a naturally ventilated and un-
insulated house have the capability to provide suitably 

warm dry indoor environments, and if so, with what effort 
and cost on the part of its occupants? Questions such as 
these are not reliably answered by studying one case, 
but the case can suggest tentative answers and can help 
to define the further research.  
To make living in a cold damp house tenable, the 
householders in this case had to modify behaviours and 
habits acquired from living in more benign residential 
surroundings where warmth and dryness were not 

issues. They had to consider showering less often; think 
carefully about the sequence of events and micro-
behaviours in taking a shower or doing the laundry or 
washing the dishes; reconsider cooking methods, spend 
time mopping up surface water and condensation 
throughout the house, take security risks leaving a 
bathroom window open even when absent from the 
house during the day, adjust to wearing winter clothing 

inside; put up with added discomfort in the interests of 
overall health, and make numerous other adjustments 
and changes to daily routines. Among these 
adjustments, perhaps the most difficult to make are 
counter-intuitive behaviours, such as opening a window 
for ventilation, when it is cold outside and one is naked 

and about to take a shower. Among the members of the 
three-person household in this study, it was relatively 
easy to reach agreement on how to cope with (and 
solve) problems of cold and damp. But with increased 
numbers of people in a household, two problems of scale 
arise. The first is that there is significantly greater 

production of moisture in a larger household in a 
standard-size house, and a corresponding increase in 
health risk. Baker et al (2000) reported that the risk of 
contracting meningococcal disease doubles with the 
addition of two people in a six room house, and 
increases by a factor of 10.7 with the addition of six 
people. The second problem of scale is that concerted 
action by the household is essential to controlling damp, 

but it becomes more difficult to achieve agreement and 
take concerted action among the members of a larger 
household. Poverty is also likely to be a factor – if the 
household cannot afford to adequately heat the house, 
hygrothermal conditions and health will deteriorate  
We can conclude that a house of the type used in the 
study does have the capability to perform as needed in 
terms of basic ventilation by means of openable 

windows. The results appear to confirm the science 
implicit in the Building Code. However, we can also see 
that in order to achieve reasonable indoor conditions in 
these circumstances requires a considerable level of 
knowledge and commitment on the part of the 
householders. It is physically possible to keep an un-
insulated naturally-ventilated house in a cold humid 
climate reasonably warm and reasonably dry, but only by 
paying close attention to the relationships between the 

house, the environment, and people’s activities. 
Managing a cold damp house is hard work. 
So, while it seems that people can “make it work”, or 
equally they can “wreck the chance to make it work”, it 
also seems from this limited study that the solution to the 
cold, damp house problem lies more in its design than in 
educating or regulating the occupants. To the question of 
whether it is reasonable to expect people to manage an 

un-insulated, naturally ventilated house in a cold damp 
climate, the answer will more often than not be “no”. The 
design/research challenge is to invent ‘a machine for 
living’ that keeps warm and ventilates itself without 
complicated or expensive mechanical devices, and 
without demanding the full attention of its occupants.  
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Table 8: Behaviours and physical settings best able to achieve warm dry conditions and functionality 
Sp

ac
e 

St
ra

te
gy

 
Behaviours and physical settings Effects on hygrothermal conditions and functionality 

1+5 

Open window in shower compartment by 4cm 
(480cm2 airway); close door; close second 
bathroom window; turn on heater - all before 
turning on and taking a shower. Leave window open 
after showering (preferably permanently – security 
OK (being on first floor). 

With the door closed and window open a reliable air movement occurs from the rest of the 
house, (via a under the bathroom door), across the bathroom to the shower compartment 
and out the window. This movement drags the moisture-laden air outside. With the heater on 
early, the room warms, making it more tolerable for naked bodies, and increasing the 
ventilation process by mixing the air in the room together with the stack effect. This setting 
keeps the bathroom substantially clear of condensation, with some misting of glass surfaces 
that clears in about 10 minutes after showering. 

2 

Shower less frequently, egg. 2 times in 3 days; 
reduce duration of shower; reduce water pressure 
egg. by resetting the “full on” limiting position of the 
mixer; reduce water temp (thereby reducing amount 
of steam). 

These minimizing actions reduce demand on the ventilation system and save power. Each 8-
minute shower uses in excess of 60 litres of water (45-50 litres hot) and releases an 
estimated 1.2 litres of moisture to the indoor atmosphere in the form of steam, standing 
water and dampness in bath-towels and bathmats. A standard shower costs approximately 
75cents for water heating = 3 hours space heating costs elsewhere in the house.  

3 
Close the bathroom door while using the bathroom 
and afterwards 

Limits the spread of moisture laden air into the hallway. In this case study, this measure 
almost eliminated misting of hallway and bedroom windows from the bathroom as source.  B
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4 

Wipe off excess moisture from the body before 
exiting the shower recess; mop up standing water 
on the floor and shower step, and dispose of it into 
a drain; remove damp towels and bathmat, either to 
dry outside, or in the dryer; wipe down wet surfaces 
especially in the shower and dispose of water by 
drain 

The body and hair “holds” from 50mls to 150mls of water that would otherwise be 
transferred to a towel and deposited on the floor or into a bathmat, and much more water (an 
estimated 200mls for an adult) streams off the body into the undrained space of the 
bathroom if the person moves quickly from shower to bathroom space “Squeegeeing” the 
body and hair disposes of this water down the shower drain instead. Similarly, collecting water 
from the floor and damp surfaces and disposing of it down a drain eliminates an estimated 
100mls of water per shower event that would otherwise gradually evaporate into the indoor 
atmosphere. A cotton bathmat typically retains 150mls of water and a towel used in drying 
one adult typically retains 125mls of water. 

1+3 

Open both kitchen windows 40 to 60cm (depending 
on wind speed and direction) and close kitchen door 
on entering the kitchen to prepare a meal; whether 
day or night, rain or sun, large meal or cup of tea 

This arrangement creates a cross ventilation effect near to the points of most moisture 
production in the kitchen, the sink and the stove. Refer to Table 5 for details of moisture 
production, in summary, with windows open an estimated one to two litres of water vapour 
are vented to the outside in preparing and cooking a meal 

2 

Select cooking methods to reduce use of water; 
keep lids on pots or use pressure cooking; wash 
dishes at one time rather than in small batches; 
heat plates in over rather than under running hot 
water; use moderate amounts of hot water; dry 
dishes with a cloth; use the left-over clean cooking 
water for washing dishes 

Baking and most slow-cooking methods can be carried out with minimal ventilation and 
without causing condensation; putting a lid on a boiling pot reduces moisture release to 
atmosphere from 30mls/minute to 6mls/minute; steam from dishwashing is minimized by 
doing the dishes in a sink about half filled with water not too hot – say 550C. Rinsing under 
hot water wastes power and produces steam. Drying dishes by evaporation or with a towel 
that remains in the kitchen afterwards results in about 150 to 200mls of water added to the 
kitchen space; clean hot water left over from cooking and used in dishwashing needs to be 
cooled with a little cold water to avoid steam.  
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4 

Remove standing water from benches, sills, spills 
etc and dispose down sink; dry damp tea-towels and 
dishcloths outside or in dryer 

The amount of moisture on surfaces varies widely according to cooking and cleaning methods 
and habits, typically in the range of 100mls to 500mls for a main meal 

2 

Machine wash in cold water spin-dry washing at the 
highest rpm available; minimize the use of steam 
ironing 

Cold washing saves the power needed to heat water, equivalent to running a space heater for 
about 2 hours. No measure was made of the difference in water content of a load of washing 
at different spin-dry speeds, but from a comparison of the machine literature and moisture 
content of a load spun at 1000 rpm, (see Table 6), it is estimated that a load spun dry at 
750rpm would contain 1.95l of moisture, or half a litre more than a load spun at 1000rpm. 

1+4 

Dry large and heavily moisture-laden articles on the 
clothesline; use condenser type dryer, or check that 
external vent to conventional dryer is working well;  

In some conditions wind pressure can reverse-ventilate a dryer that is connected to the 
outside by a vent tube. Condenser dryers are more expensive than conventional dryers but 
provide a very significant safeguard against moisture build-up in the house.  L
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3 

Put away dry clean laundry soon after laundering; if 
steam ironing, do the ironing in a well-ventilated 
part of the house; air dry hand washed garments or 
bedding outside, not inside 

Dried clothes rapidly absorb atmospheric moisture (see Table 6) up to a maximum of about 
their own bone-dry weight if made of an absorbent material such as cotton. 

1 

Ventilate wardrobes and cupboards, egg holes top 
and base, remove doors, etc; when external 
conditions are right (egg. a sunny dry day and/or 
there is a breeze), open the whole house for 
ventilation; 
If much moisture is visible in the house in the form 
of fogged windows etc, immediately ventilate by 
opening windows and doors (including at night) 

Estimates based on absorption rates in dry laundered fabrics suggest that 70Kg of “dry” 
clothes in a standard unventilated wardrobe would contain over 2.3 litres of water; the 
author’s estimate of moisture potentially contained in the entire house within fabrics, clothes, 
linings, furniture, carpets and rugs, books and papers, bedding, curtaining etc is in the range 
of 300 to 500 litres of water. 
Cross-ventilation is efficient, takes the least time, but also loses most heat in a short time. 
With light-weight construction however, this is the best strategy since heat up time is also 
relatively short.  
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3+5 

Except when deliberately ventilating, keep internal 
doors closed to contain moisture and retain heat; 
wear more clothes and warm footwear indoors in 
cold weather, gather people in one or two rooms to 
benefit from localized space heating; trade off less 
use of hot water for added space heating; avoid 
sitting close to windows and cold external wall 
surfaces 
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ABSTRACT: This paper furthers the research of Rollo, Luther and Atkinson 1999, and Rollo, Honey, 
Atkinson and Luther 2003, regarding the way in which building shape appears to contribute to the 
collection of fire-brand debris subject to ember attack. The paper will present a range of 2D fluid-
mapping and 3D wind tunnel studies (Melaragno 1982) which have been correlated with the 
transportation characteristics of an ember laden air-field (Cheney and Sullivan 1997). Working with a 
range of generic building types the paper also introduces simple spatial modelling techniques which 
are being developed to illustrate the relationship between ember capture and changes in wind speed 
and air pressure. 
 
Conference theme: Architecture and the environment 
Keywords: ember attack, bushfire, wind speed, air pressure 
 

 

INTRODUCTION 
 
The knowledge base of building performance and wind 
(Building Research Station, 1970, Houghton and 
Carruthers, 1976, Melaragno 1982 etal) is extensive – 
likewise are the measures for protecting houses against 
bushfire, which have been progressively developed over 
the past thirty years (Anon 1984, Dawkins,1993, Cheney 
and Sullivan 1997 etal). However, while the danger to 
building stock from airborne debris carried well in 
advance of a main fire front is well documented, few 
studies appear to combine the transportation 
characteristics of fire brands with the wind flow 
characteristics of various building types in order to model 
and assess their behaviour when subjected to ember 
attack. 
The award winning research of Rollo, Luther, Atkinson, 
1999, and Rollo and Honey, 2003, correlated the 
relationship between wind speed and building form with 
the transportation characteristics of various sizes of fire 
brand material developed by Cheney and Sullivan 1997. 
Given the variables of wind direction, wind speed, and 
topography, their research assessed the behaviour of a 
single storey mono-pitch building type on an 
unobstructed horizontal ground plane subjected to a 
scaled 7m vertical wind profile ranging between 28-35 
km/h. 
While the work compared the results of two different 
testing procedures, fluid mapping and wind tunnel 
studies -both of which established a close correlation 
and therefore provided valuable visual as well as 
measurable data -the investigations were limited to 2-
Dimensions. The purpose of this paper is to elaborate on 
the findings of this earlier research and to introduce the 
spatial modelling and testing undertaken by Honey 2003. 
  

1. MONOPITCH 2D 
 
With the application of both fluid mapping and wind 
tunnel testing the investigation assessed the cross-
section characteristics of a 1:40 scaled model of a single 
story building form with a Mono-pitch roof (refer to 
dimensions in Fig 1a). Restricting the analysis to four 
permutations of the form in relation to its orientation and 

placement on a horizontal ground plane - M1G, M1E, 
M2G and M2E (Fig 1b)- the investigation assessed the 
response of the shape when positioned within a range of 
scaled wind speeds. 

 
Figure 1a: Overall Dimensions of the single story 

building structure with mono-pitch roof used in both the 
fluid mapping and wind tunnel tests. 

 

 
Figure 1b: Four permutations of the model in relation to 

its orientation and placement on a horizontal ground 
plane 
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Figure 2.1: M1G 

 

 
Figure 2.2: M1E 

 

 
Figure 2.3: M2G 

 

 
Figure 2.4: M2E 

3. FLUID MAPPING TESTS 
 
Tests were first conducted on the fluid mapping table 
(1m x 0.78m) with the use of a series of black perspex 
models constructed at a scale of 1:40. Although this 
method only provided a two dimensional representation, 
and could only offer a maximum scaled wind speed of 
2km/h, it nonetheless facilitated a quick appraisal of each 
of the scenarios under investigation and provided an 
informed sense of direction for proceeding with the Wind 
Tunnel tests. Figures 2.1-2.4 indicate the manipulation of 
the wind field in response to the four permutations of the 
mono-pitch cross-section. 
In M1G, with the building resting on the ground and the 
apex oriented windward, the first area to register a drop 
in wind speed takes in the bottom third of the windward 
wall. As the wind is compressed and pitched up over the 
apex, the dye trace clearly indicates a marked drop in 
velocity on the leeward side of the building. Significant 
wind speeds seem to be deflected high over the 
structure and immediately left of the apex there appears 
to be a large fall in pressure over the full slope of the 
roof. This is enhanced towards the rear of the structure 
where no dye was recorded on the back wall  for 5+ 
meters along the ground plane. 
With the slope of the roof oriented windward, the fall in 
velocity in M2G is less dramatic than in M1G. While the 
drop in pressure appears to be reduced at the front of 
the building, the shadow occurring on the leeward side is 
significantly enhanced. 
When both structures are raised off the ground by 0.6m 
(AS 3959 1999) creating an exposed underfloor space, 
the aerodynamics of the buildings is significantly altered. 
In both scenarios, M1E and M2E, the wind field 
separates. While most of the wind is deflected over the 
structures, some of the wind dips down and is carried 
through to the leeward side. Although there appears to 
be a slight increase in compression of the profile moving 
over the roof, given the added height, the main 
difference is an increase in velocity at the base of both 
the front and rear of the two buildings. 
 

4. CORRELATING WIND TUNNEL TESTS WITH 
TRANSPORATION FALL OUT 
CHARACTERISTICS OF FIRE BRAND MATERIAL 
 
The advantage of the wind tunnel is the ability to 
generate significantly higher velocities than can be 
achieved with fluid mapping. For these series of tests 
models were constructed out of solid wooden blocks at a 
scale of 1:40 (Fig 3.1 and 3.2) and were positioned 
perpendicular to the wind field with an uninterrupted 
velocity of 35km/h. Two horizontal dimension lines were 
adhered to the ground plane with markings spaced at 1m 
2m, 4m, 8m, and 12m on the windward side of the model 
and 1m, 2m, 4m and 8m on the leeward side. A ‘Testo 
452’ wind speed indicator on a telescopic arm was 
inserted into the wind field and measurements recorded 
at each of the horizontal spacings at 0.5m, 1.8m, 4m and 
7m above the ground plane.  
With each of the four scenarios - M1G, M1E, M2G and 
M2E – a grid comprising 30 separate wind speed 
measurements were recorded and correlated against the 
windfield transportation characteristics for ash, ember 
and firebrands compiled by Cheney and Sullivan, 1997, 
(See Figure 4).  
The results of the correlation of the two separate sets of 
data are illustrated in the Ash & Ember Transportation & 
Fallout Section Profiles figures 6.1-6.4 
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Figures 3.1 & 3.2: Block Models in the Wind Tunnel with 
leeward and windward dimension lines and a ‘Testo 452’ 

wind speed indicator 
 
 
 
 

 

 

 

Wind speed    Criteria 
km/h 
0-4  Rate of fire spread is equivalent to backing rate of spread, 

(ie without the aid of wind) 

5-10 Threshold wind speed (the wind speed at which a fire 

moves continuously forward as a heading fire) 

10+ Fine ash particles become transported within the wind field 

20-25+ Fire brands and embers are blown along the ground and 

start to become transported within the wind field (ie any 

burning material originating from one fire which can start 

another, eg: commonly bark, but also leaves, seed heads 

and sparks etc)  

37  Average wind speed recorded at Essendon Airport, 

Melbourne, on Ash Wednesday, 16 February 1983. Gusts 

ranged between 18km/h and 81km/h(NB While hot strong 

northerly winds increased to average mean speeds of 45-

50 km/h throughout the day, a frontal change reaching 

Ceduna at 1230hrs, Adelaide at 1445 hrs and Melbourne 

at 2030 hrs brought wind speeds in excess of 70km/h with 

gusts up to 110 km/h) 

Figure 5: Wind field transportation characteristics for ash 
& firebrands debris, Cheney and Sullivan, 1997 
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5. MONOPITCH 3D  
 
While the profiles in the previous sections of the paper 
present a range of results which further discourse 
regarding the design of building structures with respect 
to ember attack, they are nonetheless 2 dimensional and 
do not take account of the complex spatial parameters of 
a complete building. This final section introduces 
research in progress regarding the relationship between 
building form and the transportation characteristics of an 
ember laden air-filed within a 3D or spatial context. 
Honey 2003 carried out a 3-dimensional Wind Tunnel 
analysis of the solid 1:40 scale model of the mono-pitch 
building type. Results are currently being tabulated and 
formulae applied to simulate areas of pressure drop and 
possible debris deposition. The model was tested 

through five points of plan orientation, 0, 39, 45, 90, 180, 
with 0 being perpendicular to the airflow. Each model is 
described within a 3D lattice comprising 132 points 
surrounding the structure (as distinct from the 18-30 
utilised in the 2 dimensional analyses). These rang from 
11m before and 7 meters behind the structure and from 
0.8m-7.0m above ground level. The results map a three-
dimensional representation of the critical wind speed 
thresholds, presented by Cheney and Sullivan (1997), 
within Archicad, version 7 (ie less than 10km/h, 10-20 
km/h and 20-25 km/h). Honey’s spatial models 
essentially represent parametric surfaces of change in 
air pressure, indicating indicative fallout points of ash, 
ember and fire-brand debris. 
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CONCLUSION 
 
Dawkins (1993) identified wall-to-ground intersections as 
being a major area of concern regarding ember capture 
and suggests that the hazard associated with this 
condition may be minimised through slab-on-ground 
construction, or the treatment of the base of the wall with 
a suitable fire retardant material. If, on the other hand, 
the building contains an exposed under floor space, 
Dawkins also suggests that the underside of the floor, 
and accompanying structure, be treated with suitable fire 
retardant material, and/or that the subfloor space be 
covered in to prevent the collection of firebrand material 
beneath the house. While many of the recommendations 
presented by Dawkins (1993) are based on case study 
research (Wilson, 1984, Wilson and Ferguson, 1984 et 
al), the recommendations would appear to be conditional 
upon the nature of specific siting conditions.   
The observations in this paper would appear to support 
Dawkins’s 1993 findings regarding wall-to-ground 
intersections. However rather than concurring with his 
suggestion to close-in exposed sub-floor spaces – which, 
paradoxically promotes the wall-to-ground intersection 
condition - raising the structure to create an 
uninterrupted underfloor space of 0.6+m, would appear 
to minimise the build up of ember debris at the critical 
wall-to-ground windward and leeward intersections. 
Furthermore presenting the slope of the roof windward 
appears to improve the overall aerodynamics of the 
structure and hence minimises the impact on the 
transportation characteristics of the advancing wind-field.  
It is important to note that these results do not take into 
consideration: the combustibility of building materials; 
patterns of human behaviour; the effect on the 
transportation characteristics of the wind field at 
velocities below 30km/h; building widths greater than 5m; 
building heights greater than 4.6m; inclined ground 
plains; and sub-floor spaces greater or less than 0.6m    
 

SPECIFICATIONS 
 
Fan  Richardson “Buffalo” 445cp 
Tunnel 1.2m Sq x 2.0m long 

1.1kW Motor 415V 2.4A 
1410rpm fan speed 700rpm 

Formula used for calculating Full scale velocity in the 
wind tunnel: vf = vm m

1/2 

vf  =  full scale velocity  
vm  =  model velocity 
m =  model ratio 
NB When relating the four scenarios with the wind speeds 
recorded in the wind tunnel there appears to be a close 
correlation with the dye traces documented on the mapping 
table. This implies that while the two methods of testing reflect 
different types of flow (when the calculation of Renold’s number 
is taken into consideration), with fluid mapping depicting laminar 
flow and the wind tunnel indicating either transitional or turbulent 
flow, the mapping table is nonetheless indicative of the 
conditions identified in the tunnel 
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ABSTRACT: This paper investigates the thermal performance of three RAIA award-winning houses. It 
compares the occupants’ assessment of the thermal environment with thermal comfort defined in 
ANSI/ASHRAE Standard 55-1992. Actual household energy use is compared with AGO figures for 
standard houses in that location and the house compliance with the recently introduced energy 
efficiency provisions of the Building Code of Australia is also assessed. The study found that all three 
houses do not conform to the above Standard and Code. It was predicted that unacceptable amounts 

of heating and cooling energy would be required to achieve thermal comfort. Despite this, the actual 
energy consumption of these houses was lower than standard houses in the same regions. The 
occupants were largely satisfied with the houses’ thermal performance and indicated they had no plans 
to modify the building or install air-conditioning or other systems to achieve the prescribed thermal 
comfort. This paper poses some ethical questions to be discussed, and proposes a number of 
suggestions. 
 
Conference theme: Architecture and the environment 

Keywords: building performance, thermal comfort 
 
 

INTRODUCTION 

 
Building regulations, including the explicit and/or implicit 
Standards that underlie them, represent one of the most 
definitive forms of government control aimed at ensuring 
health, safety and more recently environmental 
standards. They have a critical role in architectural 

decision-making. The recent energy-efficiency provisions 
introduced into the Building Code of Australia (BCA) for 
houses (Amendments 12 & 13), which have been 
adopted in most States, have however been developed 
from a techno-economic positivist ‘habit of mind’ (Guy 
and Shove 2000). This paradigm focus on physics, 
engineering and economics fails to account for the 
predilections of the human occupants of houses 
(Lutzenhiser and Shove 1999).  

This (mis)framing becomes an issue because building 
regulations are constructed to apply to general 
conditions, and not to specific circumstances. The BCA, 
for example, states “A building must have, to the degree 
necessary, a level of thermal performance to facilitate the 
efficient use of energy for artificial heating and 
cooling….”. Within the BCA there are three ways of 
complying with this requirement: 

1. meeting the deemed-to-satisfy provisions 
2. using computer simulation method to confirm the 

building meets the required energy efficiency levels or 
has equivalence with a reference building, or 

3. submitting expert evidence to show satisfaction of the 
performance requirements. 

Focusing in particular on the second of these methods a 
question arises: is it justified to say that a building that 

does not conform to these general levels of performance 
is not acceptable, that it should not be built, even though 
it meets the salient goals of its occupants and the 
community? 
The work presented in this paper is part of a larger 
research project that aims to construct an understanding 
from an ethical framework of the interrelationships 

between attitudes, perceptions, rhetorical statements 
about, and actual behaviours, of a small corpus of 
contemporary award-winning Australian houses. This 
paper concentrates on the thermal performance of three 
houses that have won RAIA awards in recent years, but 
were built before the energy efficiency provisions of the 

BCA were introduced.  
The indoor thermal performance of the houses was 
monitored for approximately one year. Data loggers, 
measuring the indoor temperature and humidity every 30 
minutes, were installed in the main rooms (i.e. living, 
dining, and bedrooms) 1.6 – 1.8 metres above the floor. 
Weather data were gathered either by a weather station 
installed on the site or from the nearby Bureau of 

Meteorology recording station. Monitored results of the 
indoor temperature and humidity were assessed against 
international thermal comfort specification 
ANSI/ASHRAE Standard 55-1992 (henceforth referred to 
as ‘the Standard’). The occupant(s) and architects of the 
three houses were interviewed using open-ended 
questions. The occupants’ comments were then 
compared with the assessment of the houses’ comfort 

determined by the Standard. The occupants’ assessment 
of comfort were obtained from questions such as: 
• What initial (specific) ideas and aims or goals did you 

have for the project? 
• How easy it is to make the house comfortable? 
• Do you think your original ideas have been satisfied? 

(Any plan to make new changes? Why?) 
• Overall, how do you now feel about the house? 

The houses’ energy consumption records were also 
obtained and compared with Australian Greenhouse 
Office figures for energy use in ‘standard’ houses in the 
same area. Using the construction drawings, the houses’ 
compliance with the BCA energy efficiency provisions 
was assessed with computer simulation program 
FirstRate (Sustainable Energy Authority Victoria 2003) 
and NatHERS (CSIRO 2000). The discussions of the 
findings are presented in this paper. 
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1. THERMAL COMFORT  
 
The widely accepted definition of thermal comfort is “that 
condition of mind in which satisfaction is expressed with 
the thermal environment” (ASHRAE 1992). To be 

thermally comfortable, one must not feel too cold or too 
hot. Moore (1993) defined thermal comfort as “a 
subjective state of satisfaction that varies with the 
individual and number of circumstantial factors”. The 
primary physical factors that affect thermal comfort are 
air temperature, humidity, radiant temperature, air 
movement, the person’s metabolic rate, and clothing 
type. Besides these, non-physical factors such as age of 
the users and degree of acclimatization also influence a 

person’s perception of whether or not she or he is 
thermally comfortable in a certain condition (Stein and 
Reynolds 1991). 
Although these non-physical factors have been 
acknowledged to affect the perception of comfort, they 
are not included in the equation for determining thermal 
response and comfort in the Standards. Factors, “.. such 
as non-uniformity of the environment, visual stimuli, age, 

and outdoor climate are generally considered 
secondary.” (ASHRAE 2001:8.12) The red lines in 
figures 2 to 4 show the combined winter and summer 
ASHRAE comfort zone for typical home activity (1.2 met, 
sedentary activity) and clothing levels (0.9 clo in winter – 
heavy slacks, long-sleeved shirt and sweater; 0.5 clo in 
summer – light slacks and short-sleeved shirt or blouse) 
with fixed air motion conditions (0.15 m/s in winter and 

0.25 m/s in summer). Note that the comfort zone will 
change if the above condition changes, such as if there 
is an increase in air velocity (indicated by the dash lines) 
and additional radiant heat. 
Humphreys (1978) and Auliciems (1981) consider the 
effect on thermal comfort of variables such as outdoor 
temperature, past thermal experience and socio-cultural 
systems. In a free-running building, for example, 

Auliciems defines that the neutral temperature (that is the 
centre of the comfort zone) is a function of the mean 
monthly external temperature and can be calculated as 
Tn= 17.6 + 0.31 x To, where Tn is the neutral 
temperature, and To is the mean outdoor temperature 
(Auliciems 1981). The width of the comfort zone is 
suggested to be ± 2°C from the neutral temperature. A 

number of field studies of thermal comfort, such as 
Williamson et al (1989), de Dear and Fountain (1994), 
and Kwok (1998), also show that people’s thermal 
comfort and preference can be region-specific. 
The notion of thermal comfort is implied in the thermostat 
settings of the assessment tools used in building energy 
codes such as the tools suggested by the BCA (ie. 
NatHERS and FirstRate). These thermostat settings 

indicate when heating or cooling is ‘switched on’ in the 
computer simulations. It is interesting to note, however, 
that these temperature settings are not exactly the same 
as calculated from the comfort models above. Table 1 
shows the comparison of NatHERS thermostat settings 
and Auliciems’ neutral temperatures. 

 
Table 1: Comparison of NatHERS thermostat settings & 

Auliciems’ neutral temperature 

Heating 
°C 

Cooling 
°C 

 

Auliciems NatHERS Auliciems NatHERS 

Adelaide 21 21 25 26 

Brisbane 22 21 26 27 

Darwin 24 20 27 28 

 

While thermal comfort and preference are not fixed 
values and are as well affected by many non-physical 
factors, the thermostat settings in the BCA-approved 
simulation tools cannot be modified by the user. The 

reason for this is that the provisions in the BCA are 
considered essentially as mechanisms to ensure a 
minimum level of thermal performance for the building 
envelope. The assumptions of fixed user profiles and the 
unconstrained energy use when predicted temperature 
falls outside the comfort zone are employed to ensure 
performance in a worse case scenario, where the end 
user is unknown. This, unfortunately, can underrate a 

house where different user profiles and different 
occupants’ comfort perceptions and preferences may 
result in actual reduced energy use. As a result such 
house may not receive building approval as designed.  
 

2. CASE STUDY HOUSES 

 
House 1 is a two-storey detached dwelling located in a 
suburban sub-division in Adelaide, South Australia (34.9º 
south latitude and 138.5º east longitude). Adelaide has a 

dry-temperate climate, with average summer 
temperatures ranging from 16° C to 28° C and winter 

temperatures ranging from 8° C to 16° C. In summer, 

there can be a number of hot days reaching slightly 

above 40°C, but winters are mild. Average relative 

humidity ranges from 40% in summer to 70% in winter. 
The external envelope of House 1 is cavity brick and 
insulated timber frames construction with timber 
cladding. Floors are suspended timber and the roof is 
insulated corrugated iron. On the ground floor is an open 

living/dining space with double height ceiling with east 
and north facing windows, a kitchen overlooking the 
street on the south side, a service area on the west, and 
a study room on the north-west side. On the second floor 
is a gallery/mezzanine overlooking the living/dining 
space below, a bedroom above the study room, and 
another service area above the one on the ground floor. 
The owner, who is the only occupant of this house, had 

particular environmental aims. 
To make the best use of the sun is probably the main 
one. And taking advantage of the view. And making it eco 
friendly as possible really. So collecting the water on site 

and things like that. 
So the paint was supposed to be kind because I didn’t 
want things exuding over the life time of the house. 

Similarly the glue that they use with kitchens and things. 
Some of that stuff you’ve got to be careful with as well. So 
he [the architect] was supposed to take into account all of 

those things. Natural fibres in the carpet. (Occupant 1 
2003) 

The house employs a number of passive cooling 
strategies, including a wind tower to catch western sea 

breezes, openable north-facing skylights (equipped with 
blinds to control the solar penetration), and cavities in the 
ceiling of the open space to let warm air out to the vented 
roof space. No mechanical cooling system is used in 
summer. In winter the house mostly relies on solar heat 
gains although a gas heater in the living space is 
occasionally used. Gas is also used for cooking. The 
house generates electricity from the photovoltaic panels 

installed on the north-facing roof of the living space, 
generating energy up to 9.4 kWh per day. A solar 
collector is used for water heating, and rainwater is 
collected for washing and drinking.  
House 2 is located near Lake Bonnet, about 80 km south 
of Darwin, Northern Territory (12.4º south latitude and 
130.9º east longitude). The area is dry from May to 
October whereas the rest of the year it is very wet and 
humid (the monsoon season). On average the 
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temperature ranges from 20° C to 32° C during the dry 

season and 25° C to 34° C during the wet season. 

During the dry season the relative humidity can be as low 
as 35% but during the wet season it can reach as high as 
100%. Currently only one person occupies the house but 
it is designed to be occupied by a family. This house 
consists of three separate (steel) structures, connected 
with a shaded boardwalk. The middle structure is used 

for living, dining, and cooking. The other two structures 
are mirror images. Currently one is used for sleeping and 
the other is used for an office space although it is 
anticipated that this one will also be used for sleeping 
when the owner has children. Each of these “wings” has 
a bathroom. There are barely any solid walls; the only 
non-transparent walls are on the outside of the 
bathrooms. Instead, fly screens and louvers are used 

throughout. Timber decking is used for all the floors, with 
the gaps between the timber for ventilation. Also, as the 
occupant has said, it allows incoming rain to escape and 
makes cleaning the floor easier!  
No mechanical cooling is used in this house, as the 
owner said, 

“I didn’t want to use air conditioning because I don’t like 

living in air conditioning. I find that uncomfortable and kind 
of claustrophobic… So if your house isn’t going to be air-
conditioned you’ve got to have lots of windows up here. 

And in fact you’ve got the fly screens.” (Occupant 2 2003) 

 
The house is basically self-sufficient. Electricity is 
generated by photovoltaic panels (the site is quite remote 
and there is no existing power line on the site) and a 
solar collector is used for water heating.  

House 3 is located in a suburban area in Brisbane, 
Queensland (27.48° south latitude, 153.03° east 

longitude). The area has a mild but rainy summer and 
mild and dry winter. The average daily temperature is 
24.5°C in summer and 15°C in winter. During summer 

the temperature varies from 20 to 29°C with 60-70% 

relative humidity, and in winter it varies from 9 to 22° C 

with 45-65% relative humidity. This is a family home of 

four people and was designed by the architect occupants 
who lived on the site for some time before designing the 
house. The occupants said that this meant that they; 

“…had a really good relationship with the piece of land 
before we put the house on it which was a rather nice way 

of doing it.” 
“… and we saw the construction every step of the way.”  
“…. but that also made it possible to develop the design 

slowly. This was our hobby in a way.” (Occupants 3 and 4 
2003) 

There were several large trees that had to be retained on 
the site and this made the buildable area relatively small. 
The solution was a long but narrow 2-1/2 storey building 

on the south side of the site with the major openings on 
the north walls. On the entry level is the family room, 
which has openings to a swimming pool. From this level, 
one can go down one half floor to the two bedrooms, or 
go up one half floor to the open living/dining/kitchen 
space. Sliding doors are used to separate the 
dining/kitchen space from the outside, but these doors 
are usually opened, making the outside dining deck an 

extension of the internal dining space. The master 
bedroom is above the family room, overlooking the open 
living space. There is also a bridge (used as a library) 
above the living space, connecting the master bedroom 
with an office space above the kitchen. The house is 
constructed of timber stud walls, insulated and clad. 
There is no mechanical heating nor cooling, except small 
oil column heaters and fans. 

“We don't have any, I mean we've just got a little oil 
heater or something like that. But we find if we put that on 

for a little while it actually, remarkably it seems to heat 
that space.” 

“About two winters ago we kind of kept track of how many 
days we [used heaters] and it was only 10 days.” 
(Occupants 3 and 4 2003) 

 
3. ACTUAL PERFORMANCE 
  
The monitoring results of the living space in each house, 
plotted on the Psychrometric Chart, are presented in 
Figures 2 to 4. 
 
3.1. Indoor performance 
In House 1, the minimum indoor temperature in the living 
room was 11°C in the winter. Maximum summer 

temperature was 31°C (36°C in the bedroom) when it 

was 43°C outside. Relative humidity ranged from 22% to 

80%. Overall the daytime indoor space was always 
cooler than the outside. At night, the indoor was always 
warmer than the outside, about 8°C higher. During other 

seasons, daytime indoor temperature was close to the 
outside, but was higher at night. 
In House 2, the indoor temperature ranged from 17°C 

(the minimum in the dry season) to 43°C (the maximum 

in the wet season) with relative humidity ranged from 
22% to 100%. These indoor temperature and humidity 
always followed the pattern of the outdoor condition with 

very little difference. This should not come as a surprise; 
the house barely has any solid enclosure and almost no 
mass.  
In House 3, indoor temperature ranged from 13°C in 

winter to 31°C in summer with relative humidity ranged 

from 23% to 100%. The performance of this house was 
similar to House 2 in that the indoor condition was very 
close to the outside temperature, except at night the 
indoor temperature was about 5°C warmer than the 

outside. Like House 2, this house was almost always 

open to the outside during the day (but closed off at 
night).  
 
3.2. Energy use 
Since it was occupied in 2000, the average annual 
electricity use of House 1 is about 1900 kWh or 6.8 GJ. 
On average, the house currently generates 6 kWh/day of 
electricity, or 2190 kWh (or 7.9 GJ) per year, making it 

able to feed into the grid surplus electricity. The average 
gas use is 14.6 GJ per year, thus the net total energy 
use of this house is 13.5 GJ. The predicted total energy 
use in a standard house in South Australia according to 
AGO (1999) is 41.2 GJ; thus House 1’s energy use is 
less than one third of this amount. The 1997-1999 
Australian Bureau of Statistics (ABS) baseline energy 
use for one-person house is 29.3 GJ per year, thus this 

house’s energy use is less than one half of this baseline. 
The energy use in House 2 was recorded and predicted 
by the owner, as this house did not have any utility 
records from utility companies. On average the house 
used 3.5 kWh per day or 1278 kWh per year (4.6 GJ) of 
electricity generated by the photovoltaic panels. The 
largest use of electricity was the refrigerator (Owner 2 
2003), which uses about one-fourth of the power 
generated by the solar panels. Gas was used for cooking 

and it was estimated that 27 kg of LPG (or 1.3 GJ) was 
used per year. In total, this house uses about 6 GJ of 
energy per year, which is only 21% of the 28.3 GJ (AGO 
1999) average total energy use in a standard house in 
that region. 
At the time this paper was written, no energy use data for 
House 3 were available, and therefore we are unable to 
report it in the paper. The predicted total energy use for a 
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standard house in Queensland according to AGO (1999) 
is 26.36 GJ. 
 

  

 
Figure 1: South façade of House 1 (top left), southwest 

façade of House 2 (bottom), north façade of House 3 (top 
right) 

 

4. ASSESSMENTS WITH STANDARD AND BCA 
 
4.1. Thermal comfort 
Looking at the monitoring results above, the indoor 
temperature and relative humidity of these houses often 

falls outside the comfort zone. In house 2, daytime 
temperature and relative humidity were always above the 
comfort zone (except during the dry season), even with 
an increased velocity of 2 m/s. In winter, houses 1 and 3 
were much cooler than the lower boundary of the thermal 
comfort zone, whereas in summer house 3 was warmer 
than the upper boundary of the comfort zone, but could 
be considered comfortable with increased air velocity. 
This confirms that natural ventilation only is enough to 

make this house comfortable in summer.  
 
4.2. “Energy” Rating 
House 1 achieved a FirstRate rating of 1-1/2 Stars. It 
received total points of –94 (-45 for winter and –57 for 
summer). FirstRate indicated that the main problem was 
the heat loss and gain through the window glazing (44% 
of net conditioned floor area). NatHERS gave this house 

1 Star with predicted heating load of 223.2 MJ/m
2
 (10.6 

GJ) and cooling load of 230.7 MJ/m
2
 (29.5 GJ). In reality, 

House 1 uses no cooling energy and very occasionally a 
little heating is used in the living and study rooms.  
With FirstRate House 3 was predicted to perform slightly 
better than House 1 and scored 2.5 Stars. The total 
points were –81 (-3 for winter and –82 for summer). 
FirstRate indicated that the main problem was summer 

heat gain through the north-facing glass (36% of net 
conditioned floor area). In reality, this glass is shaded by 

the two large trees thus summer heat gain was never a 
problem. Unfortunately this cannot be modeled by the 
program (the model either puts 100% obstruction or none 
at all). With NatHERS, however, this house only received 

1 Star. The heating load was predicted to be 41.6 MJ/m
2
 

(6.5 GJ) and the cooling load 372.8 MJ/m
2
 (58.5 GJ). 

The actual house uses no mechanical cooling at all, but 
has constant air movement through all the openings to 
achieve comfort. 

 
Figure 2: Indoor temperature of House 1 in Adelaide 

plotted on the Psychrometric Chart with extended 
comfort zone by increased air velocity  

 

 
Figure 3: Indoor temperature of House 2 in Darwin 

plotted on the Psychrometric Chart with extended 
comfort zone by increased air velocity  

 

 
Figure 4: Indoor temperature of House 3 in Brisbane 

plotted on the Psychrometric Chart with extended 
comfort zone by increased air velocity  
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FirstRate cannot be used to rate House 2, which is in a 
hot humid climate. With NatHERS, the house (not 
surprisingly) received no Star at all, and the cooling load 
was predicted to be 1595.7 MJ/m

2
 (130 GJ). This 

excessive cooling load highlights a divergence in design 
objectives. The house was designed to be operated with 
natural ventilation whereas NatHERS essentially 
assumes that the house would be air-conditioned. 
 

5. OCCUPANTS’ VIEW AND THE ARCHITECTS’ 
INTENTIONS 
 
5.1. Occupants’ view 
Achieving “perfect” thermal comfort (meaning constant 
indoor climate) was not a consideration for these 

occupants. They valued a sense of “openness” and 
“connection to the outside” and indicated that they 
enjoyed changes in the indoor environment. They 
preferred to be part of what was happening outside even 
if that meant feeling warm when it was hot outside, and 
feeling cool when the outside was chilly.  
As the owner of House 2 says, 

“I moved here to take advantage of the climate, to take 

advantage of what’s here. I moved to Darwin for a reason 
and there are houses that don’t advantage of what Darwin 
is.”  

“I only usually turn the fan on when I’m feeling hot. At 
about 30 or 32 I start feeling hot and I will put the fan on. 
Louvres I will open up with I’m in the room. Except if I 

think I’m not going to be in there long, I will just keep them 
closed. And of course if it’s expected to rain I will close it 
down. In the dry season things are just open. In the dry 

season you don’t need the fans on either, there is so 
much wind up here.” 
“My house gets hot during mid-day during the buildup; if 

it's 40° C outside it's 40° C inside. However, it's more 

tolerable than the cement block unit I was in that was 32-
33° C all the time, day and night. I think this is because 

the body can take high heat for a few hours, but not 

constantly. Come 5PM my house cools off and I feel fine. 
By 9 PM it's near 28° C in the building. By 6 AM it's 23-

25° C. I remember feeling stressed in my cement block 

unit because I never felt like I escaped from the heat.” 
(Occupant 2 2003) 

The occupants of House 3 were satisfied with the house. 
They have added film to some windows but in this case it 
was for privacy. Perfect thermal comfort was not the 

main issue but environmental delight was important.  
“We've changed a little bit actually.... Our boys aren't as 
comfortable in the glazed living room [being visible from 
the street]. So we added some [obscuring film] just at the 

bottom of those windows. “ 
[Sunlight makes] rainbows of light at terrific... angles right 
into the back wall of the building. We can choreograph 

them on the wall just by moving the windows up and 
down.” (Occupant 3 & 4 2003) 

For all three houses, issues to do with occupants’ 
thermal comfort were inseparable from ideas about 

environmental concerns, budget, as well as the 
importance of connections between indoor and outdoor 
spaces. 
 
5.2. Architects’ intentions 
House 3 is the architects’ own house, and is therefore a 
direct reflection of its occupants’ aims as a place to live. 
In the other two houses the client/future occupants were 

involved in the design process and clear about their 
aims. Whereas the codes make little recognition of the 
effect on thermal comfort of differing degrees of air 
movement, this is recognised and made a high priority in 
the designs: mesh screens rather than glass in House 3, 
the ability to open up a window wall supplemented by 
small desk fans in House 3, and a wind catcher in House 

1. For example, at House 1, 
“the operation is to catch down the breeze, drawing 

down…. We wanted to have a convection, so a big baffle, 
an ‘eco fan’, it’s a low voltage fan. … And the ceiling is 
being ventilated.” (Architect 1 2003) 

These design features are intended to work together to 
be energy efficient. “[T]he whole idea is to get something 
to work, and also to express the house…” (Architect 1 
2003). Although this house can be cool in winter “[Y]ou 
can always put more clothes if you are cold.” Another 
issue unrecognised in the codes but important in these 
designs is the notion that an occupant can move to a 
comfortable place rather than keeping the whole house 

comfortable.  
“I have been counting on the ideas that the study where 
she will get a lot of winter sun, so you’ll have the ability to 
go the space which is more suitable for a particular the 

time” (Architect 1 2003). 

The conflict between designing for conventional ideas of 
thermal comfort and other priorities is most clearly 
manifested in House 2. Here the overriding aim was to 
‘enjoy the place’. The architect and client both referred to 
this when interviewed: this was a place carefully chosen 

by a client who, because of the nature of his IT business, 
could live anywhere, and the views and moods of the 
place were to be accepted and experienced. This 
included the variations between the ‘dry’ and the ‘wet’, 
the storms and the heat.  

“All of the functions that you use to keep the building cool, 

to keep air movement and shade and reduce radiant heat 
are integral to the design of the building and require no 
further action other than perhaps to shut it down when 

you get the cold in the dry season. But you shut it down 
for the whole of the dry season until you need to open it 
up again. And that’s really the only interaction. So that 

notion that we are doing it to save energy but we need to 
save energy because we will be generating our own. But 
the whole thing driving all of that is that’s the way you 
want to live anyway. That’s camping. That’s what you 

enjoy. That’s why you are out there.” (Architect 3 2003).  

 

6. DISCUSSION AND CONCLUSIONS 
 
The implied intentions of the energy efficiency provisions 
of the BCA are to ensure that the building is comfortable 

for its occupants (thus, the individual benefit) and to 
ensure that the process of occupying the building does 
not entail the excessive use of energy (thus, the 
community benefit). The problem is that in a given 
climate these outcomes depend on both the building and 
the user, whereas the BCA provisions only address the 
building. Moreover, in order to decide how to control the 
building, the actions of the user are assumed. He or she 

is assumed to act to maintain thermal comfort conditions 
inside the building at all times, by ‘topping up’ the indoor 
conditions that would result from certain design 
strategies, such as building form, orientation, insulation, 
and so on, with the ‘necessary’ amount of heating or 
cooling. This follows from an assumption that the 
‘individual benefit’ of a constant level of thermal comfort 
is a universally accepted necessary condition for 
dwelling, and that everyone will act to achieve that 

condition.  
This study clearly shows that the occupants of these 
houses do not follow the “accepted” behavior paradigm. 
Instead, they express general satisfaction with indoor 
conditions that fluctuate with external conditions, and 
they do not act to maintain constant ‘thermal comfort’. 
They are satisfied with the environmental performance of 
their houses, and where they were not they have made 

appropriate modifications. All the occupants displayed an 
understanding of, and commitment to, using passive 
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techniques to achieve thermal comfort. There is no 
evidence that their health suffers because of their 
choices, and they assert that other benefits of ‘openness’ 
and ‘connection with the outside’ outweigh any minor 

thermal discomfort. In terms of the ‘community benefit’, 
they are using less energy than is considered ‘normal’ for 
houses in their respective locations. Yet, if these houses 
were assessed after the BCA was introduced, they would 
not have been allowed to be built.  
The problem with building regulations such as the BCA 
arises because occupants are assumed to act in a way 
that they do not act, thereby restraining ‘individual 

benefits’ and prohibiting them from building houses 
according to their preferences, such as enjoying the 
openness and connections to the outside. In this case, 
their thermal comfort may be impaired because 
conforming to the regulations may result in houses with 
lesser airflow.  
The authors believe that a house or house design that 
does not conform to the Standards and Regulations 

cannot necessarily be judged as no good and therefore 
should not be built. The judgment must include 
considering the goals of the occupants and the intentions 
of the architect, and whether or not the way to achieve 
these goals has a negative impact on the environment 
and/or community. The houses in this study, for example, 
are predicted to be uncomfortable for many days in a 
year and therefore assumed to require significant 

amounts of energy for heating or cooling. Yet, in reality, 
being constantly comfortable is not the main goal of 
these owners or occupants. They have no plans to 
modify the building or install air conditioning or other 
systems to make their houses “comfortable” according to 
the prescribed standards, and which in reality would 
probably ensure the houses consume more energy.  
This “micro–analysis” of individual cases does not 
actually “mask the understanding that the proposed 

measures form a complete package that is designed to 
improve the use of energy in domestic construction as a 
whole” (ABCB 2002: vi), but rather throws into doubt the 
fundamental assumptions that informed the framing of 
the provisions in such a way that the energy-efficiency 
objectives in the BCA are seriously diluted. This paper 
therefore makes three main suggestions. First, if the 
compliance with the BCA is to be demonstrated by 

computer simulation, then the assumptions in the 
software should not be fixed; variables such as 
thermostat settings should be adjustable to match the 
comfort preference of the occupants. Second, houses 
that are intended to be open to the outside and to have 
no mechanical heating or cooling should not be 
assessed on the same basis as houses that are intended 
to be mechanically heated and cooled. The goals of the 

occupants must be recognized and rewarded because 
they can benefit the environment and the community. 
Third, on a broader level, we suggest that as current 
regulatory processes do not allow this, if we are serious 
about reducing residential energy use, we must 
investigate the possibilities of assessing buildings in 
ways that acknowledge the interaction of individual 
preferences, technical concerns, bio-climatic matters and 

the socio-political context. 
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ABSTRACT: Specifiers are increasingly looking for materials with improved environmental credentials 
in response to the movement in consumer sentiment toward ecological sustainability. In the case of 
timber, simplistic analysis of the issues involved has tended to polarise preferences of consumers and 
specifiers toward plantation material. However, argument can be made for an environmentally 

sustainable sawn timber industry processing a proportion of regrowth native forest. 
When considering the harvest of regrowth native forest, the processing and material properties of the 
timber produced from it need to be known. Historically, it’s generally been accepted that younger trees 
produce timber with inferior properties without this premise being proven. This paper describes work 
undertaken to compare the processing, material and appearance properties of native forest regrowth 
hardwoods of varying ages from around Australia. It was found that for regrowth Tasmanian 
Messmate, the only significant differences in timber from younger logs were a decrease in the 
proportion of boards reaching the highest value grade (“Select grade”) requirements, higher variability 

in some properties and significant internal checking. Smaller logs of Queensland Spotted Gum 
produced a lower yield of Select grade boards. There were no substantial grade differences between 
timber cut from three log sizes of Western Australian Jarrah. 
 
Conference theme: Architecture and the environment 
Keywords: Timber, regrowth, sustainability 
 
 

INTRODUCTION 
 
When specifying timber for uses in building, architects 
and other professionals face several choices. The most 

appropriate selection for the purpose will be determined 
by factors such as appearance, strength requirements 
and resistance to decay. Increasingly, Environmentally 
Sustainable Development (ESD) principles are playing a 
part. Specifiers now need to find materials that not only 
meet the performance requirements for the task, but also 
meet environmental criteria. It is likely to be some time 
before locally produced timbers meeting the 

requirements of third party certification authorities such 
as the Forest Stewardship Council are available to suit 
all applications. Thus specifiers adhering to ESD 
principles need to make decisions about selection of 
uncertified timber. Over the last several years, these 
specifiers have tended to favour plantation grown timber. 
However, the public have become increasingly aware 
that plantations can have negative environmental 

impacts (for example, The Age 2004), just like any 
source of building material. A source of timber that 
seems to have become somewhat lost in the 
environmental sustainability debate between plantation 
(Fig. 1) and old-growth (Fig. 3) is regrowth native forest 
(Fig. 2). 
Regrowth forest is defined in Tasmania as: 

Native eucalypt forests regenerated after wildfire or other 

disturbances since 1890 where there is no deliberate site 
preparation or seed sowing. Regrowth forest may contain 
scattered individuals or stands of ecologically mature 

trees. (Forestry Tasmania 2002). 

Quite apart from the environmental merits of this timber 
is the question of its suitability, particularly as a 

replacement for mature native forest timber, both in 

terms of its processing behaviour and usage properties. 
The wood quality of the regrowth resource is largely 
unknown. 
 

 
Figure 1: Plantation Bluegum (Eucalyptus globulus), 

West Ridgley, NW Tasmania 
 

Processing and utilisation of this comparatively new 
resource can present problems typically associated with 
reduced log diameter, higher levels of growth stresses 

(Waugh and Rozsa 1991) and a larger proportion of 
juvenile wood. Growth stresses result in end splitting of 
logs following tree harvesting and distortion of boards 
following sawing of logs. 
Regrowth timber is used for a range of applications 
including flooring, decking, structural, panelling, 
mouldings and furniture.  Wood quality requirements for 
these applications include: strength properties such as 
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stiffness and hardness; dimensional stability; biological 
performance such as durability and consistent colour; 
and manufacturing performance such as good 
machining. These wood quality requirements are 

important traits for evaluating the sawing properties and 
wood quality of a resource for solid timber utilisation. 
An understanding of the influence of age on these wood 
quality properties is therefore critical in maximising 
recovery and determining the suitability of the timber for 
particular applications. This work quantifies the impact of 
age (or tree size) on sawing, drying and solid wood 
quality properties of regrowth Tasmanian Messmate 

(Eucalyptus obliqua), Queensland Spotted Gum 
(Corymbia citriodora) and Western Australian Jarrah 
(Eucalyptus marginata).  

 

 
Figure 2: Predominantly regrowth Jarrah forest, Western 

Australia 
 

 
Figure 3: Mature Jarrah forest, Western Australia 

 

1. METHODOLOGY 
 

1.1. Tree selection, harvesting and sawmilling 
In each state, ten or more (depending on size) trees 
were selected from each of three (four in Tasmania) 
distinct classes. Trees were harvested and transported to 
mills using standard industry practice, except for the 

youngest Messmate which was removed as part of a 
thinning operation. Logs were cut at commercial mills 
using standard commercial practice for each area. 
Boards were cut to 28mm thickness in standard 

commercial widths from 140mm (Tasmania) or 105mm 
(WA and Queensland) down to 60mm. 
 
1.2. Green wood properties measurement 
When trees are cut into boards, the timber typically 
contains around half water by mass. This is usually 
removed by drying before the timber is used, particularly 
for high value uses, as removal of the water causes 

shrinkage. Timber usually shrinks more parallel to the 
growth rings (tangentially) than it does perpendicular to 
them (radially), so shrinkage is often accompanied by 
distortion. Thus shrinkage in the two directions is a 
critical processing property. Radial and tangential 
shrinkage was measured for ten samples from each 
batch. Basic density (oven dry mass divided by volume in 
the green, un-dried state) is often a useful indicator of 

properties such as strength and hardness and so was 
also measured. 
 
1.3 Drying 
Drying is a critical part of the timber production process 
as it induces the most defects. Timber, like any material, 
dries first from the outside. Early in the drying process, 
the outer parts of boards are drier than inner parts and 

so have shrunk more. This puts the outer parts of boards 
into tension, which can cause cracks (or “checks”) to 
form in the surfaces. At the same time, some drying 
conditions can induce the fibre cells in susceptible timber 
species to physically collapse, like crushing a drinking 
straw. This can lead to internal checks forming within the 
boards, as well as large amounts of shrinkage. 
The timber from all batches in each area was dried 
according to best industry practice for that area. In 

Queensland, timber was initially air dried to about 20% 
moisture content before kiln drying. In Western Australia 
and Tasmania, timber was dried under controlled low 
temperature conditions from green to about 20% 
moisture content and then final kiln dried. Prior to final 
drying, Tasmanian Messmate was steamed to recover 
fibre collapse. Drying progress was followed by 
periodically weighing and measuring short sample 

boards from within the timber stack. 
 

 
Figure 4: End grain of a board showing internal checking 

 

 
Figure 5: Surface of a board showing surface checking 
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1.4. Board evaluation 
Boards were measured and assessed before and after 
drying to determine overall shrinkage, distortion, 
moisture content variability and degrade formation such 

as end splitting and surface and internal checking. 
 
1.5. Strength and hardness 
Ten 20!20!300mm samples from each batch were 
strength tested in three-point bending to the 
requirements of Australian/New Zealand Standard 2878 
(Standards Australia 2000a). Ten samples from each 
batch were hardness tested using the Janka standard as 

described by Mack (1979). This test involves pressing a 
steel hemisphere of 11.28mm diameter into the surface 
to the depth of its radius, with the hardness reading 
being the peak load obtained. It is commonly quoted as a 
measure of the resistance of flooring to indentation by 
stiletto heels. 
 

2. RESULTS 
 
2.1. Trees 

Tree classes in Tasmania were based on tree age by 
harvesting from single-age regrowth coupes 
corresponding to wildfires in 1901, 1934, 1949 and 1967. 
Classes in Western Australia and Queensland were 
based on size, as single-age stands of regrowth are not 
common in those states. Size classes in WA were 20-33, 
33-48 and 48-60cm diameter (measured at breast height 
over the bark - DBHOB); in Queensland 20-25, 30-35 

and 40-45cm DBHOB. Assessment of tree crown 
properties in Queensland indicated that the three size 
classes corresponded to distinct age classes there. 
 
2.2. Green wood properties 
There were no age or size related trends in the green 
measurements made. Data was generally similar to 
figures published for mature timber of the same species; 

one noticeable exception was that the tangential:radial 
shrinkage ratio in Messmate was much lower in regrowth 
than published data suggest for mature timber. Hence, 
this regrowth should be less prone to distortion on drying. 
Shrinkage measurements are shown in Table 1. 
 

Table 1: Shrinkage (%) 

Messmate Jarrah Spotted Gum 
Class Radial Tangential Class Radial Tangential Class Radial Tangential 

1967 4.2 5.1 25 4.3 7.4 20-25 3.5 8.9 
1949 3.5 5.3 40 4.5 8.0 30-35 4.3 8.7 
1934 4.3 5.0 55 4.3 5.5 40-45 4.7 9.1 

1901 3.2 6.6       
Mean 3.8 5.5 Mean 4.1 7.0 Mean 4.1 8.9 

Mature* 3.3 6.3 Mature* 4.8 7.4 Mature* 4.3 6.1 
*Data for mature timber from Kingston and Risdon (1961) 

 
Table 2: Basic density 

Messmate Jarrah Spotted Gum 

Class 

Basic 

density 
(kg/m3) Class 

Basic 

density 
(kg/m3) Class 

Basic 

density 
(kg/m3) 

1967 529 25 616 20-25 831 

1949 592 40 619 30-35 882 
1934 566 55 666 40-45 864 
1901 525     

Overall 

Mean 553 
Overall 

Mean 634 
Overall 

Mean 859 

Mature* 599 Mature* 658 Mature* 790 
*Data for mature timber from Kingston and Risdon (1961) 

 
Basic density measurements are shown in Table 2. The 
means from each group are comparable to the published 
data for mature timber of each species. However, there 

was very large variation in basic density of the younger 
regrowth Messmate (standard deviations of around 
70kg/m

3
). 

 

2.3. Board evaluation 
The only batches to exhibit internal (collapse related) 
checking were 1934 (4% of boards) and 1967 (15% of 
boards) Messmate. Internal checking is a particularly 
insidious defect as it is very difficult to find and is often 
not discovered until boards are being finally finished for 
their application. 
The length of board lost to endsplits before and after 

drying is indicative of the level of growth stress within the 
logs. Younger trees are generally thought to have higher 
growth stresses than mature trees, but that is not 
necessarily the case. The figures in Table 3 are similar to 
those observed for mature timber of each species and 
there are no trends with age. However, any loss to 
endsplit directly affects the viability of processing as split 
ends must be cut off and discarded. 

 
Table 3: Endsplit of boards before and after drying, as a 

percentage of overall board length in each batch 

Messmate Jarrah Spotted Gum 
Class Green Dry Class Green Dry Class Green Dry 

1967 2.4 5.0 25 0.6 2.1 20-25 0.8 1.4 

1949 1.9 6.3 40 2.2 4.9 30-35 0.4 0.9 
1934 2.5 5.2 55 2.6 3.0 40-45 0.6 1.7 
1901 2.3 7.3       

 
The percentage of each class meeting the Australian 
Standard requirements for “Select” grade timber 
(traditionally the highest valued grade) is shown in Table 
4. There is a significantly lower recovery of select grade 
from younger classes of Spotted Gum and Messmate. 

 
Table 4: Percent of boards in each class meeting 

“Select” grade to Australian Standard 2796 (Standards 

Australia 1999) 

Messmate Jarrah Spotted Gum 
Class % Select Class % Select Class % Select 

1967 20 25 82 20-25 51 
1949 44 40 76 30-35 75 

1934 78 55 92 40-45 69 
1901 92     

 

  
Figure 6: Typical 1901        Figure 7: Typical 1967 
regrowth Messmate       regrowth Messmate showing 

extensive gum veins 
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Table 5: Stiffness (Modulus of Elasticity) and Strength (Modulus of Rupture) 

Messmate Jarrah Spotted Gum 

Class 
MOE 
(GPa) 

MOR 
(MPa) Class 

MOE 
(GPa) 

MOR 
(MPa) Class 

MOE 
(GPa) 

MOR 
(MPa) 

1967 14.7 117 25 15.7 141 20-25 21.3 187 

1949 16.6 132 40 13.9 123 30-35 20.8 185 
1934 15.6 115 55 14.1 116 40-45 20.6 180 
1901 15.0 117       

Overall 15.4 120 Overall 14.6 127 Overall 20.9 184 
Mature* 15.5 118 Mature* 13.0 112 Mature* 18.8 142 

*Figures for mature timber from Bolza and Kloot (1963). 

 

There was little surface check formation in any of the 
batches with less than 5% of total board length degraded 
for each batch. Surface check can often be removed by 
further machining, or put into the back-side of products 
such as flooring.  
There were less than 4% of boards in any class 
unacceptable under Australian Standard 2796 
(Standards Australia 1999) due to “spring” (edgewise 
distortion of boards), and most of these were recoverable 

by further machining. There were larger losses (up to 
9.5% of boards) due to “bow” (out-of-plane face 
distortion) in Spotted Gum. This is due to the sawing 
pattern used; Spotted Gum is “backsawn”, with the 
growth rings tangential to the board faces, whereas 
Messmate is usually “quartersawn”, with the growth rings 
perpendicular to the board faces. Jarrah is comparatively 
stable and not usually prone to distortion. 

 
2.4. Strength 
Strength test mean results are shown in Table 5. 
Strength and stiffness were generally comparable or 
superior to listed figures for mature timber. However, two 
of the 1967 Messmate samples failed to meet the 
minimum density requirements of Australian Standard 
2082 (Standards Australia 2000b) for this species and 

had very low strength. 
2.5. Hardness 
Janka hardness testing results are shown in Table 6. 
Similarly to the strength tests, hardness was comparable 
to that of mature timber, and there were again two very 
low readings for 1967 Messmate. 
 

Table 6: Janka hardness measurement means (kN) 

Messmate Jarrah Spotted Gum 

Class 
Hardness 

(kN) Class 
Hardness 

(kN) Class 
Hardness 

(kN) 

1967 5.8 25 8.4 20-25 11.9 
1949 7.2 40 8.8 30-35 11.5 
1934 6 55 8.9 40-45 11.4 
1901 5.5     

Overall 6.1 Overall 8.7 Overall 11.6 
Mature* 7.3 Mature* 8.5 Mature* 10.1 

*Figures for mature timber from Bolza and Kloot (1963). 

 

CONCLUSIONS 
 
This work found that for regrowth Messmate, the only 
differences between age groups were a decrease in 
Select grade recovery from younger logs, higher 
variability in some properties and significant internal 
checking. Smaller Spotted Gum logs produced a lower 
yield of Select grade boards with few other differences 

between log size groups. There were no substantial 
differences between the timber cut from the three log 
sizes of Jarrah. None of the data suggested that a 
particular age was necessarily better for harvesting. 
Specifiers can be confident that, at least for these 
species, structural performance of graded regrowth will 

be similar to that of the equivalent grade of mature 
timber, although increased natural variability may need to 
be taken into account until the timber industry develops 
and applies new technologies to screen out particularly 
low strength pieces.  
The greatest difference is likely to be the appearance of 
the timber. Regrowth Jarrah was much paler and more 
variable in colour than mature Jarrah, while younger 
Spotted Gum and Messmate had more natural features, 

particularly gum veins. This will result in a different 
aesthetic to that achievable with darker or more uniform 
mature timbers.  
The resistance of regrowth timber to decay is largely 
unknown. Studies are currently underway to address this 
knowledge gap. 
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ABSTRACT: Architectural vernaculars provide models for building in a specific place, but in some 
recently subdivided areas of Australia such models simply do not exist. Consequently designers 
immediately import other typologies to fill this void. I argue that given such conditions, the model for 
inhabitation should be the landscape itself.  
The paper’s central premise is that sustainable architecture’s main attribute is its ability to connect us in 
as many ways as possible with local cycles and processes. This attribute transcends the more 

quantifiable, but nonetheless secondary factors such as energy use and low-toxicity finishes. Buildings 
which engender such connective-ness are commonly termed “site-specific.” However, it is not the actual 
site, but representations of the site (for example, topographic maps) that form the ‘ground’ upon which 
designs are conceived. I argue that if designers are to achieve site-specific architecture, then they must 
first develop site-specific maps. Designers might achieve such maps through “enacted cartography”: 
their direct engagement with site and with site-mapping technologies. This hypothesis is tested through 
a series of mapping experiments outlined in the latter part of the discussion.   
The paper assumes the audience is familiar with Kenneth Frampton’s theory of “Critical Regionalism,” 

and has basic knowledge of CAD interfaces.  
 
Conference Theme: Architecture and the environment. 
Keywords: sustainability, site-specificity, landscape, mapping. 

 
 

INTRODUCTION 
 
Site-specific architecture refers to spatial interventions 
that facilitate modes of inhabitation that reveal and 

encourage closer relationships between people and the 
biological, spatial, cultural, and climatic processes that 
characterise a particular place.  Site-specific architecture 
is aligned with the principal concern of ecologically 
sustainable architecture as expressed by Peter 
Buchanan: “that buildings connect in as many ways as 
possible with local cycles and processes, both natural 
and human” (Buchanan 1997:9).  
A site however is not a defined place waiting to be found 

within a landscape or urban milieu. Rather, sites are as 
David Leatherbarrow argues, revealed through design 
and construction. Sites, he states, “are always redefined 
in architectural design…[N]ever is the site of design 
‘given’”(Leatherbarrow 1993:220). 
 

 

Figure 1: Location of Point Henry 

 
This brings me to the central question of the paper. If 
site-specific architecture is to play a critical role in 

developing ecologically sustainable architecture, how do 
we account for Leatherbarrow’s assertion that the site is 
not found it is made? What is the ‘site’ in ‘site-specific’? 

We understand that architectural designs are not 
formulated on physical grounds but from abstractions 
such as topographic maps. I argue that specificity then, 
must first occur within such representational grounds. 
These issues are presently being explored in my 
research-by-design doctorate at the Faculty of 
Architecture, Landscape and Visual Arts, University of 
Western Australia. The principal aim of the research is: 

“to develop a model for making site-specific architecture 
within biologically diverse sites.” 
 

 
Figure 2: Point Henry. My study sites 

 
The sites I am using as a vehicle for the study are 
located on Point Henry, a coastal peninsular which lies 
halfway between Albany and Esperance on the south 

coast of Western Australia (Fig. 1). Botanically, Point 
Henry is comparable to the nearby Fitzgerald River 
National Park which is renowned world-wide not only for 
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the quantity of its species but also for its high percentage 
of species endemism (over 100 plant species in the park 
are found nowhere else on earth) (Fig. 2). The biological 
significance of Point Henry was heralded in the 1980’s 

when attempts were made to register it as a national 
park. In spite of these efforts, Point Henry was 
subdivided in 1990, creating nearly 200 “rural-residential” 
development lots, each with an area of approximately 
four hectares (10 acres) (Fig. 3).  
 

 

Figure 3: Fitzgerald River National Park 

 

1. SITE SPECIFICITY 
 
1.1. Site 
Not surprisingly much of the discussion that covers 
contemporary understandings of site, siting and 
landscape comes from writings on contemporary theory 
and practice in landscape architecture.  James Corner, 

chair of landscape architecture at the University of 
Pennsylvania, is one of many theorists who are 
attempting to elevate ‘landscape’ as a central topos for 
creative exploration in the design arts.  
Corner describes how landscape and site are gaining 
increased currency because of the failure of late 
modernist planning and design to adequately respond to 
local characteristics and values. Corner echoes Kenneth 

Frampton’s “Critical Regionalism” when he states that it 
is landscape which provides the “means to resist the 
homogenisation of the environment while also 
heightening local attributes and a collective sense of 
place” (Corner 1999:13). Corner draws our attention to 
the reciprocal relations between a landscape, its 
inhabitants and the creative works that pertain to that 
landscape: its representation, mappings and spatial 

interventions. He continues,  
This is the constructive aspect of landscape, its capacity 
to enrich the cultural imagination and provide a basis for 
rootedness and connection, for home and belonging…A 

topic of particular importance to landscape architecture 
with regard to these theories of recovery is the specificity 
of site (Corner 1999:12). 

 
1.2. Sustainability and Science 
Corner’s writings from 1990 to the present consistently 
call upon designers to develop more poetic “imaging” of 
landscape, and thus help bring about the displacement of 
positivist science as the dominant means of 
understanding landscape. Brian Edwards is similarly 

derisive of solely scientific approaches for achieving 
sustainable architecture, he states: “We need to look 
beyond low energy design as the panacea for 
sustainability.  Low energy buildings can produce dull, 
culturally impoverished architecture…Man and nature 
urgently need to get their two systems together” 
(Edwards 2001:16). What underlies Edwards’ reasoning 
is that personal life experience becomes richer the more 
intimately reciprocal relationships are cultivated. Joan 

Woodward explains the benefits of this reciprocity:  
Recognising relationships in landscapes grounds me to 
place, prods me to alertness, and brings an enthusiasm 
and zest to everyday life (Woodward 1997:201). 

My research takes the position that the central issue at 
stake with regards to sustainability is an understanding of 
our reciprocal relationships to the rich biological systems 
of this area. I have taken the position that the more 

quantifiable dimensions of sustainable architecture such 
as energy efficiency and low toxicity are secondary to 
this objective. The research is not directed by idealist 
green environmentalism, it seeks instead to contribute to 
the creative disciplines of design and mapping, by 
bringing them to bear on the particular landscape 
condition of Point Henry.   
 

1.3. Exemplars 
The exemplars of site-specific architecture are many and 
varied: There are buildings which are grown from their 
sites – Frank Lloyd Wright’s “Fallingwater” is exemplary 
of this approach because its structural rationale and 
fabric are determined by the morphology and materials of 
its terrain; there are buildings that mimic their sites – 
Alvaro Siza’s Boa Nova restaurant near Porto where 

Siza actively sought to re-present the profile of the 
surrounding rocky terrain (Zaera: 1994); there are those 
that build their site – Siza’s Leca da Palmeira swimming 
baths, where the designer transformed the existing 
terrain in order make the site, the architecture (Fig. 4). 
 

 
Figure 4: Alvaro Siza, Leca da Palmeira Swimming Baths, 

Portugal 

 
Figure 5: Richard Leplastrier, Bilgola House, Palm Beach, New 

South Wales 

 
There are also projects that symbolise their site: Greg 

Burgess’s Uluru Visitors Centre (at the foot of Uluru, 
N.T.); its form mimics the dunes, but the shape and 
tectonics also symbolise experiential flow and, in 
particular, ‘indigenousness’. And lastly, there are 
buildings that habitualise their site: Richard Leplastrier’s 
house at Bilgola, north of Sydney; the insubstantiality of 
this building makes the occupant work to achieve comfort 
so that through time, their habits coincide with the 

particular shifts and cycles of the site (Fig. 5). In 
Roderick Simpson’s comparison of these latter two 
projects he notes that Burgess employs forthright 
communication through representation; a communication 
of context which Simpson believes is “more blunt than 
the gradual appreciation of site and flows that occurs in 
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Leplastrier’s work” (Simpson 1997:123). The Uluru 
Visitor’s Center could be said to concretize the specific 
identity, of a people, with a place, while Leplastrier’s 
house concretizes the habits of the inhabitant to 

conditions specific to their site. Leplastrier’s project 
demonstrates ‘relational site-specificity’ which I will 
expand on below.  
 
1.4. Site-specificity in art practice 
As architects we can learn of other understandings of 
site-specificity from art practice. Miwon Kwon, describes 
how site-specific art used to imply a sculptural object 

grounded into the geography of its immediate site 
(including both outdoor “Earthart” and gallery 
installations). Kwon states:  

Site-specific art was initially a phenomenological or 
experiential understanding of the site, defined primarily as 

an agglomeration of the actual physical attributes of a 
particular location (Kwon 2002:3).  

Our understanding of site-specificity in architecture has 
been framed in large part by Kenneth Frampton’s 

“Critical Regionalism”, a program for an architecture of 
resistance, working against modernism’s homogenisation 
of culture. Similarly Earthart, was a reaction to the 
increasing placeless-ness and commodification of art in 
the late 1960’s. Artists such as Robert Smithson, Michael 
Heizer and Richard Serra literally sought the ground to 
mount their art of resistance. Heizer’s “Double Negative” 
(1969) and Smithson’s “Spiral Jetty” (1969-70) are two 
notable examples. Similarly architecture sought out the 

ground, and indeed still seeks to oppose the 
homogenising tendencies of universalisation by 
grounding buildings into the physical specificity of their 
location.   
In both art and architecture, Kwon observes that “it is no 
surprise that the efforts to retrieve lost differences, or to 
curtail their waning, became heavily invested in 
reconnecting to uniqueness of place” (Kwon 2002:157). 

Kwon questions, however, the extent to which our sense 
of identity is actually given by the physical qualities of a 
place. Is not our desire to return to connections with 
place a “nostalgic impulse” fuelled by a belief that place 
offers an antidote to alienation? A lost connection that we 
may never have had (Kwon 2002). 
 
1.5. Relational specificity 

Rethinking site-specificity, Kwon proposes a “relational 
specificity”. Our sense of identity, of being in the right 
place is a relative concept, for identity is most often 
found in relations, even those relations that happen in 
the “unanchored flows” (travel, communication, 
commerce) that characterise contemporary life (Kwon 
2002). Kwon continues: 

It seems historically inevitable that we will leave behind 

the nostalgic notion of a site and identity as essentially 
bound to the physical actualities of a place… Even an 
advanced theoretical position like Frampton’s critical 

regionalism seems dated in this regard; for it is predicated 
on the belief that a particular site/place, with its identity-
giving or identifying properties, exists always and already 

prior to whatever new cultural forms might be introduced 
to it or emerge from it (Kwon 2002:165). 

The failure of the notion of a ‘genius loci’ is that it too 
assumes qualities existing a-priori to intervention. As I 

have discussed site specificity implies much more than 
something inflected by or grown out of a place.  The 
cultivation of place is distinctly non-hermetic: it is 
inclusive of the greater site and contexts, is continually 
unfolding, and is formed through language, 
representation and building.  
 

1.6. The vernacular 
Frampton’s Critical Regionalism relies heavily on 
vernacular typologies and how they might perform as 
models for regional specificity. An architectural 

vernacular is essentially a Darwinian understanding of 
typological development or ‘best fit’ to a place and 
culture. This view is supported by Brian Edwards who 
states:  

The vernacular was an evolution of a pattern of building 
best suited to local conditions. Inefficient solutions 

became extinct over time, leaving only the fittest to 
survive (Edwards 2001:16). 

The prime value of vernacular models is that they 

provide insight into how landscapes might influence 
human behaviour, but a vernacular model can only be 
referenced when and where it can be found. Clearly the 
argument put forward by Frampton does not pre-empt 
situations like Point Henry, a not uncommon occurrence 
in Australia, where the landscape has never been 
inhabited in a sedentary sense before – either prior to, or 
since, European settlement. 

How then does one, “be modern and return to sources,” 
when historical precedents are non existent? The 
evidence suggests that other typologies are immediately 
imported to fill this void. So, within one small region you 
will find a verandah-ed bungalow, a Mediterranean 
courtyard villa, an Australian homestead, and a 
frontalised suburban “4 x 2” each planted on their site 
with little consideration for anything but the scenographic 
view (Fig’s. 6, 7 & 8). 

 

 
Figure 6: Point Henry, verandah-ed cottage with ocean views 

 

 

Figure 7: Point Henry, Australian homestead with ocean views 

 

 

Figure 8: Point Henry, Mediterranean villa with ocean views 

 
These foreign typologies do nothing to foster 
understanding of the reciprocities between people and 

place. Of course one can look to similar places, where 
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typologies do exist, but then by definition these are not 
site-specific. My argument is that ultimately the only 
model that can be turned to in this instance is the model 
of the landscape itself. But landscape is not simply a 

physical reality as Kwon has pointed out – it is a matrix of 
relations. If we go to the source of our concept of 
‘landscape’ we find that it is an embodied cultural 
construction, it is a representation of ‘land’ and is, to 
differing degrees unique to each observer.  
 
1.7. Landcape: landskip and landschaaf 
The term ‘landscape’ is derived from two divergent 

meanings: ‘Landskip’, which refers to a pictorial or 
framed landscape, and ‘landschaaf’ which is a farmed 
landscape, the idea of a place which accompanies those 
that work the land (Easterling 2003). Landschaaf (or 
“landschaft”) is not a graphic picturing, instead it involves 
eidetic, or vivid mental images, which are formed through 
memory and habit. Denis Cosgrove, professor of 
geography at UCLA, associates landschaaf, with an 

‘insider’, one who understands a place through their 
actions and experiences within it. Landskip on the other 
hand is an ‘outsider’s’ idea of landscape. The tourist, or 
for that matter the designer is an outsider because their 
understandings are formed through ‘stepping back’ to 
view an image or landscape scene (Cosgrove1998). 
The underlying theme in the writings of Cosgrove and 
Corner is that in order to fully realise landscape’s 

hermeneutic potential, the designer must resist 
scenographic picturing because the outsider’s gaze, cast 
upon a scenic landscape, cannot encompass the full 
scope of that environment. We must seek instead the 
insight or sensibilities of the ‘insider,’ and to achieve this 
our imaging needs to encompass the eidetic. These 
issues are particularly salient to my research because 
Point Henry has only recently been transformed from an 
immersed landschaaf to a scenographic landskip. A 

landscape where property values are now proportional to 
the degrees of picturesque view, where previously value 
was related to the potential for grazing and fishing. As 
discussed above, no habituated practices exist in this 
region that parallel the sedentary mode on inhabitation 
now occurring on Point Henry. 
There is, I believe a real danger that an inhabitant’s 
sense of landscape-as-image will become sedimented 

through habitual practices of gaze and contemplation, 
leaving them perpetually separated from deeper 
knowledge of the relations of that place. This 
sedimentation occurs when buildings are constructed 
after cursory site studies that invariably prioritize visual 
aspects of the site, for example, scenographic ocean 
views. If the inhabitant is an outsider, and is in danger of 
remaining so, then the question is, as Christophe Girot 

asks, “how then can outsider designers acquire an 
understanding of a place that will enable them to act 
wisely and knowledgably?” (Girot 1999:60). 
 

2. HYPOTHESES, METHODOLOGY AND 
EXPERIMENT 
 
2.1. Site-specific mapping  
This brings me to the principal hypothesis of my 
research: “In order to produce architecture which is 
specific to this site, I must first develop site-specific 
mappings.”  

Given that landscapes are constructed through 
representation – through such mediations as 
photography, topographic maps, car windshields, 
buildings and so on – and that there are no typological 
models through which we can read this particular 

landscape, mapping techniques may provide the most 
fecund means by which to found these sites and this 
landscape. To provide an analogy: in their book “Taking 
Measures Across the American Landscape,” James 

Corner and aerial photographer, Alex MacLean posit that 
the aerial photograph is the most appropriate medium for 
comprehending the American landscape (Corner & 
MacLean 1996). 
My hypothesis is founded on the notion that, in turn we 
might ask for each landscape, what instruments of 
measure and what representations have the most 
correspondence with the scale, dimensions and 

character of that particular landscape? I suggest that a 
site can only provide a model for inhabitation when the 
scope of mapping and designing processes is sufficiently 
responsive to the diversity of phenomenological, 
dimensional and relational processes specific to a site.  
If we accept that the problem with foreign architectural 
types is that they bear little relation to landscape 
processes, then I suggest that neither should foreign 

mapping techniques be brought to bear upon the site. In 
short, sites such as Point Henry demand more poetic 
imaging than what the standard topographic survey can 
offer, imaging which is more commensurate with the rich, 
heterogeneous character particular to this landscape.  
 
2.2. “Enacted Cartography” 
My second hypothesis is that greater site-specificity 

results from a process wherein the designer is actively 
engaged with the site mapping process. The strength of 
this hypothesis rests on my review of mapping practices 
and critiques from commentators such as James Corner. 
This hypothesis is tested through one of my main 
methodologies, which I have termed “Enacted 
Cartography”.  
In an earlier paper I commented on how designers such 
as Rem Koolhaas, Peter Eisenman, MVRDV, and others 

fruitfully employ mapping techniques to reveal unseen 
relationships in sites and to apprehend their own 
preconceived architectural responses to site and 
program. I noted however, that these practitioners 
maintain a passive relationship to their sites because 
they map not the site itself but site information – such as 
statistical, topographic and historical data – that has 
been prepared by others (Weir 2002). 

Enacted Cartography explores a deeper level of 
immersion within the site. It involves the active extraction 
of spatio-temporal data through the designer’s direct 
engagement with the site, an engagement which is 
augmented by the instruments and activities of 
measurement. Enacted Cartography positions the map-
maker as an ‘insider’ – to use Cosgrove’s conception of 
the term – for this methodology recognises that site 

mapping is not merely an abstraction upon which future 
designs are based, but rather, is itself an act of 
inhabitation.  
 
2.2.1. “Blowout as Light” 
Figures 9 and 10 are photographs taken from the same 
position within a sand dune on Point Henry. Figure 9, 
taken during the day reveals little three-dimensionality 

compared to Figure 10, which is a three-hour exposure 
taken at night. The contours are not CAD constructed but 
result from the photographic capture of seventeen 
successive exposures of light projected onto the dune 
surface by an industrial laser leveller. ‘Topography’ is not 
usually the actual landform, but rather a graphic 
abstraction of it. In this process the two are inseparable. 
This enacted cartograph reverses the now standard 
method of representing landscapes, where topographic 
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maps are plotted from aerial photographs, and then 
visualised in computer interfaces as three-dimensional 
CAD files.  
 

 
Figure 9: Dune blowout. Still photograph 

 

 
Figure 10: “Blowout as Light”. Enacted cartograph 

 
2.2.2. Landscape orientation  

Figures 11 and 12 relate to a mapping exercise wherein I 
used a hand-held global positioning system (GPS) to 
assess the orientation of geological strata of Point Henry 
(Fig.11). Prior to this exercise a geo-referenced Autocad 
drawing was prepared containing all available spatial 
data on Point Henry including an ortho-rectified aerial 
photograph, topographic contours, cadastral boundaries 
and a land-satellite file. Up to this time I had spent three 
months at Point Henry selecting a range of sites which 

had rich vegetation, ocean views and were protected 
from prevailing west-sou-westerly winds.  
A moment of considerable revelation occurred following 
the plotting of the GPS-tracked rock crevices onto the 
multi-layered CAD drawing. The new mapping revealed 
that the orientation of the crevices, which continue for 
kilometres, matched the angle of both the prevailing 
winds and the predominant landscape features in the 

ocean view (an adjacent peninsula). Neither professional 
botanists nor geologists who have studied the area have 
recognised these associations. But subsequent to my 
finding, a local botanist and I have found vegetation 
patterns which occur at the convergence of these 
geological and wind systems. 
These findings are significant because the greater 
landscape associations affect, albeit in subtle ways, 

inhabitation on Point Henry, associations that may 
otherwise have been found only after many years of 
inhabitation. The implication of this for design is that 
spatial interventions such as buildings and their 
associated infrastructure can provide ‘instruments for 
seeing’ a landscape. They might achieve this by 
registering such subtleties through their form and 
orientation, and by orchestrating the movement of the 

inhabitants.  This is a relational site-specificity, wherein 
the landscape’s own habits become part of the 
habituated living pattern of Point Henry residents, 

ultimately contributing to a richer experience of living in 
this place. These aims may seem overly ambitious but it 
is worth noting that on subdivisions such as Point Henry, 
the designer has a much greater palette to work with 

than is normally available to them on urban sites. On four 
hectares, driveway location, electricity alignment, walking 
paths and rainwater storage add to the range of spatial 
interventions available to the designer, so that through 
their highly considered orchestration, he/she might effect 
such an instrument for seeing. 
 

 
Figure 11: Point Henry, Granite orientation running WSW 

 

 
Figure 12: Satellite image, Point Henry (centre) showing 

direction of prevailing winds, granite crevices and views to 
adjacent peninsulas 

 
2.2.3. Tracing landforms  
The third exercise involved the use of a Real Time 
Kinematic Global Positioning System (RTK GPS). As is 
the case with many remote areas of Australia, the 
topographic data available for Point Henry has been 
acquired from high altitude aerial photography (eg: 
1:250,000 scale). Consequently contour resolution is at 

five metre intervals only.  In order to respond to more 
localised site inflections architects have traditionally 
considered two options: conduct their own ‘dumpy’ level 
survey or commission a licensed surveyor.  Using a 
dumpy level for a detailed site survey is extremely time 
consuming because while they are an efficient means of 
establishing the height of points in a landscape (z axis), 
dumpys are very poor at measuring the x and y 

coordinates of those points. The second method is 
equally unsatisfactory because surveyors usually 
measure an even distribution of points across sites. More 
importantly the professional site survey is an empirical 
measurement of the quantitative differences across a 
site, there is no modulation of intensity to respond to 
qualitative differences.  
Both options do nothing to collapse the distance between 

the site and the designer. RTKGPS technology offers 
another option for designers, wherein both precision and 
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ease of use enable them to conduct their own detailed 
site surveys. RTKGPS is a two-part system comprised of 
a fixed base-station transmitter (Fig. 13), and a roving 
receiver/logger (Fig. 14). Unlike other GPS systems 

(handheld or differential) this system is highly accurate, 
providing measurement of points to a precision of +/- 10 
mm in x, y and z axes (eastings, northings and 
elevation). In a two-day period, 2000 points were logged 
over four lots, an area of 16 hectares. This data was then 
processed into 500 mm contour intervals using Autodesk 
Land Development Desktop (Fig. 15).   
This mapping process brought about another moment of 

revelation. At the outset of the mapping I walked on a 
grid pattern but quickly realised that a more efficient 
method was to map the lows and highs and distinct 
features in the site surface. In other words, the 
differences in the landform. This finding is significant 
because those differences were differences perceived by 
myself, not the instrumentation: I saw horizons, I felt 
ridges, I sensed spaces, enclosures, and orientations. 

Correspondingly the intensity of measurement reflects 
those qualitative aspects of the site.  This is tracing the 
landform at full scale. The habits of mapping 
reconfigured to suit the site. 
 

  
Figure 13: RTKGPS base station Figure 14: RTKGPS roving 

unit 

 
Figure 15: 500mm interval contours from RTKGPS data 

 

2.2.4. Terrestrial laser scanning  
The fourth mapping exercise was conducted in 

collaboration with the School of Spatial Sciences at 
Curtin University (W.A.). The expense of terrestrial laser 
scanning instruments and their complex operation 
presently prohibits most designers from utilising this 
technology, nevertheless its potential influence upon site 
measurement is considerable. The instrument used was 
an ‘I-Site’ scanner which projects a radial array of laser 
light pulses onto the site and is capable of recording the 
colour and coordinates of over one million points per 

scan (Fig. 16). Scanners are usually employed in 
‘reverse engineering’ projects, whereby multiple scans of 
a built form are combined to form 3/d CAD files (The 
production of as-constructed drawings of petro-chemical 

installations is one example). 
In this exercise the instrument was used to measure the 
vegetation on my study sites, a low lying and extremely 
dense coastal heath. Not surprisingly scanners had not 
been used for this purpose before, but several features 
of this technology made it highly relevant to my study. 
Firstly, the visual quality of laser scans: the point-cloud 
data from the scanner (Fig. 17) has considerable 

correspondence to the texture and grain of the coastal 
heath as shown in the background of Figure 16. 
Secondly, laser pulses cannot penetrate opaque objects, 
therefore a scan mimics, to a certain extent, what the 
human eye sees. Consequently when a scan is recorded 
at natural eye height from a key position in the 
landscape, the resultant map depicts visual horizons 
similar to human experience. This exercise exemplifies 

my aim to explore mapping techniques which best 
correspond to the qualities specific to my study site. 
More heavily wooded sites, for example, would be 
inappropriate for laser scanning.  
 

 
Figure 16: I-Site laser scanner 

 

 
Figure 17: Point cloud data from laser scans of my study site 

 
2.2.5 Modelling the site 

Laser scanning’s advantage is also its drawback: its 
record of a site is so data-rich that it is difficult to 
comprehend. The data requires further abstraction to 
create a more firm ground for design to occur. Figure 18 
shows a series of cross sections cut through the scan 
data at 10 metre intervals and on the same orientation 
that was found in the first mapping exercise (W-S-W). 
The site model depicted in figure 19 combines many of 

the above mappings: vegetation sections at one metre 
intervals taken from the scan data; landform topography 
taken from the RTKGPS, and the landscape orientation 
axis, mapped by hand-held GPS. 
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Figure 18: Sectioned laser scans, showing trees and heath 

 

 
Figure 19: 1:100 site model with paper vegetation sections 

 
Throughout these mapping exercises, which have 
unfolded over two years, I have developed a range of 
design concepts for a house for a retired couple and their 
visitors (Fig. 20). The common approach to site survey is 
that it is completed prior to commencement of design. 
Design does not need to assume such a linear process, 
particularly in areas such as Point Henry where the 

resident often constructs their home over many years. I 
suggest that measurement can play a continuing role, 
within the peripatetic process which characterises the 
unfolding of design, site and inhabitation. This theme, 
which I have entitled ‘peripatetic measure' is the present 
focus of my doctorate.  
 

 
Figure 20: First schematic design for site. House and visitor’s 

cabin 
 

CONCLUSION 
 
Our understandings of site-specificity must extend 
beyond the idea of site as a purely physical artefact for 

as David Leatherbarrow has argued, sites are created 
through spatial intervention and inhabitation. In Miwon 
Kwon’s questioning of what it is that ‘grounds’ us, she 
finds it is both the physical and relational characteristics 
of a place that contribute to our sense of belonging. With 
the benefit of Kwon’s critique on site-specificity, I herald 
Richard Leplastrier’s project for its alignment of the 
habits of the occupant with the habits of their landscape, 

for such relational specificity is, I believe, a prime 
characteristic of ecologically sustainable architecture.  
I have argued that in landscapes where design 
precedents are non-existent designers must question the 

validity of its representations for those representations 
form our idea of landscape – which in this case is the 
best model for inhabitation.  The contribution I seek to 
make is not by way of a specific technique that might be 
universally applied by others. Rather, through an intense 
engagement with a site, I have explored a method of 
working with both ‘high tech’ measurement and 
embodied intuition – an approach that might benefit 

designers working in similarly remote, bushland 
environments. A methodology neither dominated by 
empirical truths nor personal feelings, seeking to produce 
more fecund grounds than those usually recorded by 
scientific measure alone.  It is an approach which seeks, 
in part, to reconcile the perceived inappropriateness of 
high technology as a means for achieving sustainable 
architecture in such bushland settings.  

While the mapping projects presented herein have 
achieved some success in registering levels of site-
specificity, the question remains as to how might these 
maps induce site-specific architecture? More importantly, 
given the limited scope of doctorate research, how does 
one assess wether the outcome is successful without 
building it and living in it? Can the relational specificity 
evident in Lepastrier’s project, for example, be drawn? 

During this exploration into the agency of mapping I have 
suspended consideration for such pertinent issues until 
latter stages of the research. They will be addressed in 
the proof-of-concept testing of Peripatetic Measure: an 
exploration into the causal relationship between measure 
and making (outlined briefly above).  
Nevertheless, through Enacted Cartography I suggest 
designers are more likely to produce a rich experience of 
living for the inhabitant, simply because they too inhabit 

the site. The technology of measure augments the 
designer’s inhabitation whilst providing the necessary 
abstraction upon which designs can be formulated. While 
there still remains the challenge of manifesting these 
findings in architectural designs, this process has 
provided the author with considerable revelation and 
understanding of a site and thus goes some way, 
towards answering James Corner’s call for more 

imaginative mappings by recognising that “[o]nly through 
the temporal and phenomenal processes of doing and 
making can revelation occur” (Corner 1991:127). 
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ABSTRACT: This paper will outline a research project currently being undertaken at The University of 
Melbourne aimed at developing a dynamic model of architectural comfort.   
Much of the energy used in buildings goes to providing suitable levels of environmental provision – light, heat 
and air – for building occupants.  In terms of thermal performance, the levels have been determined principally 
through research by air-conditioning engineers (ASHRAE), and are based largely on the steady state 
equations of thermal comfort established by P.O. Fanger in Denmark.  Steady state conditions are not only 
expensive to maintain in terms of energy costs, they also underestimate human adaptability to indoor climate 
and fail to respond to local climatic variation.  They are also inconsistent with current office design, where 

increased mobility resulting from computer and telephone technologies has led to models of space provision 
that allow for worker movement between workstations, meeting areas, and other formal and informal spaces.   
The aim of the project is to investigate preference for, and tolerance of, ‘dynamic’ comfort conditions in 
buildings, ie variation to temperature and wind speed resulting from inhabitant activity, such as moving to 
another space (indoor/outdoor), opening or closing windows, or adjusting temperature settings.  By correlating 
thermal comfort data with user behaviour, it is hoped that a more comprehensive picture of thermal comfort 
will be developed, taking into account frequency distributions and rates of change of temperature and air 
movement, that will assist in the implementation of natural ventilation systems.  The project will explore the 

degree to which spatial and temporal variation correspond with natural variation due to external weather 
conditions, and in doing so, will attempt to develop a model of comfort that more accurately reflects the human 
need for variation in sensory experience.   
 
Conference theme: Architecture and the environment 
Keywords: thermal comfort 
 
 

INTRODUCTION 
 

The construction and operation of buildings accounts for 
about half of Australia’s total energy use.  Most of that 
energy is needed to provide suitable levels of 
environmental provision – light, heat and air – for 
building occupants.  In terms of thermal performance, the 
levels have been determined principally through 
research by air-conditioning engineers (as published by 
ASHRAE), and are based largely on the steady state 
equations of thermal comfort, established by P.O. 

Fanger in Denmark, using figures for Predicted Mean 
Vote / Predicted Percentage Dissatisfied (PMV/PPD) 
(Fanger, 1970).  In recent years, a range of initiatives 
have been undertaken to reduce dependency on active 
environmental systems, and to make better use of 
daylighting and natural ventilation in the workplace.  The 
move towards ‘sustainability’ involves a decreasing 
reliance upon active systems while maintaining expected 

standards of environmental provision.  Extensive 
research is currently being undertaken around the world 
into ‘double-skin’ facades and ‘mixed mode’ systems that 
allow operable windows to work in combination with 
HVAC units.   
While many of these standards were aimed at achieving 
efficiency for active environmental control systems, 
another key motivation was the improvement of worker 

efficiency by ensuring appropriate comfort levels and 
avoiding disruption caused by variation in environmental 
conditions.  The specification of environmental factors in 
terms of minimum levels or suitable range is as much a 
consequence of the technology used to achieve them as 
of the human sensory factors to which they respond.  
Uniform levels can be seen as a way to maximise safety 

and comfort, but can also be seen to maximise 

productivity by minimising distraction.  Moreover, such 
uniform levels are no longer consistent with current work 
practices, where computer and telephone technologies 
have allowed increased mobility and reduced 
dependence on printed information.   
 

THE NEW WORKPLACE 
 
These new technologies have been dramatically affected 
modes of work and workplace inhabitation. Architects 

have responded to these influences by developing 
dynamic models of space provision, acknowledging 
temporal change as workers move between workstations, 
meeting areas, and other formal and informal spaces.  
Pioneering in this area is British firm DEGW, and 
founding partner Francis Duffy (Duffy, 1997).  Duffy has 
explored workplace design in terms of both different 
activity types and different rates of change of building 

elements.  Based upon a hierarchical model of 
ecosystems developed by R.V. O'Neill et al (O'Neill, 
DeAngelis, Wade, and Allen, 1996), Duffy describes 
various ‘layers of longevity’ of a building that are 
renewed at different rates, consisting of site, structure, 
skin, services, space plan, and ‘stuff’. This dynamic 
model of building ecology recognises the effect of 
changing patterns of use, social structure, or service 

technologies on workplace provision.  The next logical 
step is to extend this model to include daily or hourly 
changes to thermal comfort conditions necessary to 
maintain a vibrant work environment.  Buildings such as 
Campus MLC in Sydney and the National Australia Bank 
building at Melbourne Docklands, both by Bligh Voller 
Nield, provide a range of work spaces from open-plan 
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offices to meeting rooms, café/kitchen areas, and 
breakout spaces that cater for varying activities 
throughout the working day.  Instead of conditioning 
each of these spaces to the same thermal comfort 

conditions, it may be possible to introduce variation 
appropriate to the various activities and their duration.   
 

ADAPTATION AND USER CONTROL 
 
Some progress has been made in recent years to more 
closely link comfort conditions with local climate through 
what is known as the ‘adaptive’ model, in which comfort 
temperatures are correlated with mean daily external 
temperatures.  Nicol and Humphreys, for example, argue 

that thermal comfort ought to be seen as a behavioural 
response to climate rather than a matter of physiology, 
and that comfort temperatures should be seen as flexible 
rather than fixed (Nicol et al, 1995).  According to 
Humphreys, straightforward application of the Fanger 
equation underestimates human adaptability to indoor 
climate by about 50%, leading to excessive energy use 
and inappropriate design.  He suggests that while the 

adaptive method promotes a closer correspondence 
between indoor and outdoor temperatures, it may be 
necessary to limit rates of change caused by sharp 
changes in weather, and that the determination of 
suitable rates of change is an area requiring further 
research (Humphries, 1995).   
Another significant area of research is that of user 
involvement in environmental control, pioneered by Dean 

Hawkes and colleagues at the Martin Centre at the 
University of Cambridge.  Hawkes argues that comfort 
has both a spatial and a temporal dimension, as users 
respond to different weather conditions or different 
activities by adjusting clothing levels, temperature 
settings, window openings, or by moving to another 
space (Hawkes, 1997).  An example is the study by 
Diane Haigh of five primary schools in Essex more than 

twenty years ago (Haigh, 1982).  While broad patterns 
were consistent with expected thermal comfort levels, 
more immediate changes, such as to occupancy or 
activity levels, or varying weather conditions, were often 
met with changes to windows, doors, lights or heating.  
These changes, writes Haigh, were an essential part of 
the teaching environment, welcomed and sought by staff 
in their broader goal of creating a learning environment.  
She writes: “We have seen that the internal environment 

of buildings, contradicting conventional wisdom, is 
required to vary. Occupants encourage changing 
conditions as a stimulus to activity. […]The maintenance 
of comfort conditions might be considered a primary 
motive, but comfort is a fluid concept” (Haigh 1982).   
Unfortunately, these changes to environmental 
conditions were not easily related to energy savings, 
since users had no feedback mechanism to let them 

know the implications of their actions in terms of the 
amount of energy consumed.  The changes undertaken 
by teachers to the learning environment were intended to 
provide greater thermal comfort, not to minimise energy 
use. Also, since the changes were made by the teacher 
on behalf of the students, the study shows the need for 
different models of environmental control for spaces with 
multiple inhabitants, such as classrooms, courthouses, 

open plan offices.   
 

SENSORY ISSUES 
 
The importance of understanding rates of change is also 
noted by John Berry, who suggests that while most 
building occupants are unable to judge absolute levels of 

temperature or lighting, they are able to detect changes 
in level of the smallest order.  He argues, however, that 
changes due to natural phenomena are tolerated far 
more than those arising from artificial systems, which 

tended to result from system failure, such as a faulty light 
fitting (Berry, 1982).  Berry does suggest a limit to 
temperature variation, of 1!ºC per hour. 
The idea of variation to thermal comfort conditions 
reflects Lisa Heschong’s description of the need for 
‘thermal delight’ in architecture (Heschong, 1979).  
Similarly, Ong has argued that well designed spaces 
should be able to provide different thermal conditions in 

the one location (Ong 1997).  While environmental 
design has tended to focus on reducing environmental 
stimulation, Ong suggests the need for heterogeneous 
conditions that reflect the complexity of our sensory 
experience, allowing users to seek various 
environmental conditions according to their particular 
needs at a given time.  Ong proposes a model of comfort 
based upon stress, such that environmental variation 

beyond a particular level constitutes a ‘stressful’ 
condition that can be easily alleviated by adjustment to 
clothing level, activity, passive or active heating/cooling 
mechanisms.  However, when that situation is 
compounded by other stresses – an inability to change 
the environment, or by other workplace stresses such as 
undertaking a difficult task or meeting a deadline – it may 
lead to a condition of discomfort.  Significantly, stress 

can just as easily be induced by too little stimulation as it 
can by too much.   
 

TEMPORAL MODELS 
 
Many authors note a greater tolerance of variation 
resulting from naturally ventilation than from air-
conditioning.  Forward, in particular, describes the idea 
of a ‘comfort zone’ as meaningless in a naturally 
ventilated building.  “As the resultant environment is 

variable, time becomes an important parameter in 
defining performance criteria. Frequency distributions of 
temperatures are more important than absolute 
measures” (Forward, 1995). Humphreys, critical of the 
use of climate chamber studies, instead promotes a view 
of thermal comfort based upon field studies that can 
allow for the influence of time on thermal behaviour 
(Humphreys, 1992).   
Relating thermal comfort to external conditions is justified 

in part by the clothing level of inhabitants. Yet it may also 
reflect the need for a level of sensory engagement with a 
perceived external condition, such as that provided by 
views.  The psychological benefit of a visual connection 
to the exterior may well be multiplied when extended to 
other senses, such as smell or hearing.  Studies 
undertaken to determine preferred types of view, 
suggests a preference for spaces that are accessible for 

recreation activities (Kaplan and Kaplan, 1989).  Yet it 
may also be possible that views are appreciated for 
environmental clues, such as changing patterns of light 
and air movement made visible through the movement of 
foliage.  
A project by Fergus Nicol and Susan Roaf carried out in 
Pakistan in 1993-94 sought to provide a more accurate 
model of individual comfort conditions through the use of 

a portable data logger, about the size of a briefcase 
(Nicol and Roaf, 1996). The data logger recorded 
temperature, humidity and wind-speed data every 5 
minutes, which was correlated with survey forms 
recording perceived comfort, clothing and activity level, 
and skin moisture.  Based upon this study, Nicol and 
Roaf recommended an indoor comfort temperature of 17 
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+ 0.38x mean outdoor temperature for the preceding 
month (ºC). More recently, a project by Richard de Dear 
into an ‘Adaptive Model of Thermal Comfort’ used a 
comparative study of thermal comfort data from 26 cities 

around the world to provide indoor comfort temperatures 
correlated with external climatic conditions (de Dear and 
Brager, 1998). While both of these projects lead to 
varying indoor comfort temperatures, they do so only in 
response to external conditions, and not to spatial or 
temporal variation of activity.   
 

THE CURRENT PROJECT 
 
In a project currently being carried out at the University 

of Melbourne, portable data loggers are being used to 
model changing thermal comfort conditions resulting 
from inhabitant movement between spaces.  The aim of 
the project is to investigate preference for, and tolerance 
of, ‘dynamic’ comfort conditions in buildings, ie variation 
to temperature and wind speed resulting from inhabitant 
activity, such as moving to another space 
(indoor/outdoor), opening or closing windows, or 

adjusting temperature settings.  By correlating user 
movement with data collected using body-mounted 
equipment, it is hoped that a clearer picture of comfort 
conditions will be developed that takes account the need 
for environmental stimulus described in many of the 
studies above.  This research should therefore lead to 
conditions of comfort that can be more easily achieved 
with passive ventilation or mixed mode systems.   

The basic task is to investigate user response to patterns 
of environmental variation in order to determine 
differences between those that are welcomed, those that 
are tolerated, and those that cause distraction.  The 
study will consist of the collection of data for a period of 
one week at a naturally ventilated building in Melbourne, 
repeated four times throughout a one year period to 
reflect seasonal variation.  The data will be recorded on 

logging equipment carried by the research assistant 
whilst using ‘shadow’ techniques, observing and 
mimicking the behaviour of building occupants by moving 
between workstations, meetings, photocopy rooms, etc.  
This will be complemented by weather data collected on 
site, as well as limited questionnaires recording occupant 
comfort levels over the test period. This method relies 
upon an assumption, following Humphries, that the 
comfort level of occupants is behaviourally determined, 

ie, that people who are dissatisfied with thermal 
conditions will ‘vote with their feet’ by temporarily moving 
to another space.  The questionnaires will be used to 
provide preference data, namely whether the subjects 
are in fact ‘comfortable’ at any given time, and whether 
their behaviour is motivated by a desire to change 
comfort conditions.  The data will be analysed to 
determine rates of change and frequency distributions 

resulting from user behaviour in order to establish a 
temporal model of thermal comfort conditions.   
A typical limitation in most thermal comfort studies is the 
variation in tolerance of different building users.  
Fanger’s work for example, suggests that even at 
optimal conditions, a small percentage of people will be 
dissatisfied.  While this project will attempt to document 
changes to comfort conditions brought about intentionally 

or otherwise by user activity, these would certainly not be 
the same for every building user.  At this stage, however, 
the project is intended to establish a temporal model, 
giving frequency distributions or rates of change for a 
single user, which can be compared against existing 
steady state data.   
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INTRODUCTION 
 
Protecting solar access is not a new concept. The 
Roman Empire had solar access laws, and the Doctrine 
of Ancient Lights protected landowners' rights to light in 

nineteenth-century Britain. A number of communities, 
countries or states throughout the world have created 
solar and daylights access policies and regulations 
according to unique local situations. There are many 
definitions and systems of solar and daylight access and 
different mechanisms of their protection. Solar and 
daylight access can be mandatory or voluntary. Solar 
and daylight accesses have close relations to living 

quality and such concepts like Green and Sustainable 
Architecture, Energy Conscious design, Feng Shui, and 
likewise. 
The building code (!SN 73 4301) was a way to assure 
the solar access in dwellings in former Czechoslovakia 
since 1950s. Daylight rights were guarantied by ratios of 
building heights to their distance in that time. Solar and 

daylight access rights issues emerged initially as a 
hygienic requirement for “healthy” dwellings. The 
purpose of solar access standard was to ensure 
insolation of each new dwelling. Later on, all new 
buildings, superstructures, and other improvements had 
to establish solar access rights for all existing 
neighbouring dwellings. As a consequence, these strong 
solar access rights involved serious restrictions to 

prospective new development. Many conflicts among the 
neighbouring property owners happened, mainly after 
the revolution in 1989. Nowadays, the discussion is held 
about better practice for site layout planning in a new 
social context in Slovakia. Some innovations have been 
made in solar and daylight access requirements during 
last years. 
 

1. PRESENT SOLAR ACCESS STANDARD IN 
SLOVAKIA 
 

1.1. Availability of sunshine 
Slovakia lies in the middle of Europe. The illustrative 
information about availability of sunshine is carried out 
for town Bratislava, which belongs to the sunniest 
regions in Slovakia. Geographical latitude of Bratislava is 
48° 10´ (N), longitude is 17° 07´ (E) and locality height 

above the sea level is about 150 m. 
Mean percentages of possible sunshine (probable 
sunshine) by months in Bratislava in years 1950 – 1980 

(Collection of papers of the Slovak Hydrometeorological 
Institute 1991) are in Figure 1. Mean percentage of 
possible sunshine during months March – October in 
Bratislava is 46 %. From November to February the 
average percentage of possible sunshine is only 21 %. 
During winter months availability of direct sunlight is low 
and due to low solar altitudes the problem is to bring sun 
into interior spaces in urban structures. This fact is also 
documented by paragraph 1.4. 

 

 
Figure 1: Percentage of possible sunshine by months in 
Bratislava in years 1950 – 1980 (Collection of papers of 

the Slovak Hydrometeorological Institute 1991) 

 
1.2. Principles of solar access standard 
In temperate latitudes need for sunshine is met mainly in 
dwellings. According to the building standard (STN 73 
4301 1998) all flats must admit enough time of solar 
access. The expression "enough time" means more than 
1.5 hour every day during the period between 1st March 
and 13th October for one third of living floor area. The 

time of solar access (insolation) is related to the point on 
glazing 1.2 m above the floor level at the centre of the 
vertical opening (horizontally). The time of insolation is 
accounted under several conditions, such as (I) only 
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astronomically possible time of insolation is considered 
when solar altitude is 5 degrees above the horizon; (II) 
the vertical opening area is greater than 1/10 of floor 
area of living room; (III) the angle between horizontal 

projection of a solar ray and the normal of vertical 
openings is less then 65º, (IV) since the end of year 2004 
solar access will be applied only for obstructions above 
25º. 
As a consequence, the shape of a new building is 
adjusted so to avoid excessive shading of the 
surrounding flats (minimum one third of their living area) 
during the period between March 1 and October 13.  

There are no exact criteria for solar access rights for 
undeveloped lots and for active solar systems in 
Slovakia. 
 
1.3. Calculation of solar access 
For solar access rights, the tools as simple as possible 
are useful. The well-known transparent sun-on-
reference-point indicators are used as a quick method for 

the evaluation of the solar access for “critical” dates 
March 1 (see Figure 2) and June 21. The curved lines 
running across the indicator give the heights of 
obstructions which would just stop the sun from shining 
on point P at each time of the reference day. The sun 
charts are unified for reference latitude 49º N and are 
applicable for any scales of plan by simple modification 
their height scale. The simple manual indicator for 1

st
 

March suffices for most of solar access studies. Many 
other sun path diagrams or computer programs (even 
CAD programs) can be applied for solar access 
computation. 
 

 
Figure 2: Sun-on-reference-point P indicator 

 

1.4. Possible and probable availabilities of sunshine 
at a reference point  
Total yearly possible sunshine and probable sunshine at 

the reference point for standard acceptance angle as a 
function of facade orientation and its obstruction 
calculated for Bratislava climate pattern are presented in 
Figure 3. The presented values are data of sunlight 
potential for an unobstructed reference point on vertical 
window and for very wide parallel obstructions, which 
subtend angles of 25° and 36° to the horizontal. On 

yearly basis the relative mutual differences between 
possible and probable sunshine at the reference point 
(time of insolation) are small. This is not true for shorter 
time periods. In Slovakian climate it is not very 
reasonable to evaluate the solar access right based on 
probable duration of sunshine. 
 

1.4 Simple example of solar access application 
Figure 4 illustrates very the simple example of the site 
layout design in Bratislava. The proposed new 

development will partly block sunlight on window of the 
flatlet. The question is whether the new development 
infringed solar access right of existing one-room flat 
according to Slovak Standard criteria (see paragraph 

1.2). 
Window of the existing small flat accepts 1.72 hours of 
effective sunshine (according to standard requirements) 
on March 1. This means that its insolation exceeds the 
standard minimum solar access, which is 1.5 hours. After 
erection of the proposed new building the time of 
"critical" flat insolation will be 0.93 hours (see Figure 5 - 
graphical output of computer program INS (Hraska 

1993)).  
 

 

 

 

Figure 3: Total yearly possible/probable sunlight 

acceptance as a function of 0°, 25°, and 36° obstruction 

angles in Bratislava 
 
In spite of the relatively big distance between the 

buildings in Figure 3 and common height of new 
development the conclusion is: solar access rights of the 
flat are infringed. 
The Slovakian solar access rights are too strict in 
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situations illustrated in Figure 4, but these situations 
occur relatively seldom. There have been no big 
problems with the application of solar access rights for 
new flats according to (STN 73 4301 1998). 

N

Existing building

P

New development

flatlet

An= 116o
3
0
 m

H = 15 m

 
Figure 4: Simple example of layout 

 

2. DAYLIGHT RIGHTS IN SLOVAKIA 
 

2.1 Availability of daylight  
Exterior illuminance levels and the dynamic daylight 
changes based on 1-minute measurements have been 
monitored in Bratislava for 10 years. During the winter 
time sunless overcast periods dominate, which is also 
noticeable in Figure 1. 
 

 
Figure 5: Obstructed sector of the sun diagram due to 

the proposed development according to Figure 4 
 
New standardised sky types by (Darula 2002) use Lz/Dv 
and Gv/Ev sky type descriptors (the ratio of zenith 
luminance Lz to diffuse sky illuminance Dv and the ratio 
of global illuminnance Gv to extraterrestrial horizontal 
illuminance Ev).  
 

 
Figure 6: Monthly distribution of sky type descriptors in a 

dull wintertime season in Bratislava 

For illustration of winter light climate 5-minute data 
recorded in Bratislava during November 1999 are shown 
in Figure 6. This month was quite dull with low monthly 
percentage of sunshine 0.15, i.e. with few sunny periods 

or days. During wintertime the overcast sky dominates. It 
means that daylight access rights are minimally as 
important as solar access rights in Slovakian climate 
conditions. 
 
2.1. Outline of daylight access rights 
Before year 2000, the main principles of daylight access 
rights were as follows: 

(I) each habitable room and each interior space in any 
non-domestic buildings, where daylight is required, must 
have enough daylight according code (STN 73 0580-1 
1987) prescription; (II) if any existing room is lit under 
normalised value (for any reason) a new building or an 
extension of existing building in surrounding may lower 
Daylight Factor (DF) in critical points in depth of this 
room up to 15%.  

The above-mentioned principles of daylight rights cause 
many problems in planning the external environment. 
Each room gives its own rule for a new development. If 
an existing habitable room has small window or is quite 
deep, then new development is extremely limited. 
Daylight rights cause that new developments and 
superstructures often cannot match the height and 
proportions of existing buildings, mostly due to incorrect 

designed daylight in existing rooms. The usual way of 
determining the daylight rights according to former 
system was to calculate the DF at reference points in 
houses or at a series of points on the reference plane in 
non-domestic interiors in actual state of the external 
environment, and then to repeat the computation for 
proposed new conditions of built environment. Such 
calculations are tedious and must be done by experts. A 
general conclusion, common to all of the above-

mentioned and many other surveys, was to create the 
new criteria of daylight right and to prepare a simple and 
mandatory calculation method. 
The main features of present daylight rights are: 
(I) only the sky light from CIE (Commission Internationale 
de l´Eclairage) Standard Overcast Sky on vertical 
external surfaces of windows or on reference points is 
taken into consideration, (II) own obstructions of a 

window or a reference point are not taken into account in 
calculations of daylight/skylight right, (III) the shape and 
dimensions of new development are defined by 
equivalent obstruction angle "e.  
For classrooms "e = 20º, max. 25º, for common interiors 

in housing estates "e = 25º, max. 30º are used. The 
maximal equivalent obstruction angles in cities are "e = 
36º and in historic city centres "e = 42º. 
The same criteria of daylight access rights are valid for 

undeveloped lots or proposed buildings. 
The equivalent obstruction angles can be calculated 
graphically by the modified Waldram diagram (see Figure 
7 left) and by diagram in Figure 8. 
Using the Figures 7 and 8 one can determine the 
equivalent obstruction angle for any complex obstruction. 
The basic approach is to plot all the obstructions on the 
diagram in Figure 7, to sum the number of obstructed 
grid elements N, and from Figure 8 to find out equivalent 

obstruction angle "e. The equivalent obstruction angle 
can also be approximately determined according to 
(Puskas 1999) from equations: 

N

e

log)7.6(008.0sin =!  if N ! 140   (1) 

N

e

log)2.5(0138.0sin =!  if N > 140  (2) 

The computer program OSV-UT (Hraska 2000) to 
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execute proposed method has been written. The relation 
between the built form and daylight access is apparent 
from the graphical output of the program (see example in 
Figure 7 below). 

 
Figure 7: Modified Waldram diagram for calculation of 

number of obstructed grid elements N (above); example 
of graphical output of OSV-UT computer program 

(below) - "e is about 29º for this case 
 

 
Figure 8: Diagram for determining equivalent obstruction 
angle "e from the number of obstructed grid elements N 

in modified Waldram diagram (see Figure 7) 
 

3. LIGHT FROM SUN AND SKY AND URBAN DESIGN 
 
There are many questions concerning urban design 
strategies, urban density and land use. Restrictions to 
the building form-density require complex evaluations, 

solar and daylight rights and energy requirements create 
important part of them. The frequently proclaimed 
general goal in creation of built environment is the 
maximum living quality coupled with the minimum 
environmental impact. Solar and daylight access rights fit 
this goal; they have many positive impacts on indoor 
comfort, energy/cost savings, they encourage the use of 
renewable energy for passive heating and lighting. 

Increasing urban density increases energy use due to 
the reduced availability of daylight in particular. On the 
other hand, zoning ordinances (height of buildings, 
setback from the property line, lot orientation, lot 
coverage requirements, etc.) can be in conflict with solar 

and daylight rights, mainly in complex urban 
environments. 
 

 

 

Figure 9: Unwished side effects of mandatory solar and 
daylight access rights are visible in the streets in 

Bratislava. Form of new building in the street complies 

with solar access right of neighbouring flats (left); 
daylight rights of living rooms in the middle of the photo 

(right) excessive limit height of buildings in the street 
even in the centre of the town. 

 
The Slovakian Hygienic Service has checked almost all 
urban and building plans from the viewpoints of the 
above outlined mandatory solar and daylight access 

standards. This attempt is very useful for existing 
building and their occupants, but in some situations 
various problems may arise for the landowners and 
developers – see Figure 9.  
Where conditions are already below the accepted levels, 
in specific situations, a new building can be erected 
according to the minimum development rights.  
 

CONCLUSIONS 
 

Presented innovations of solar and daylight access rights 
have been prepared in the framework of building 
regulatory system review in Slovakia, which reflected a 
new social and law context. The applications of the 
solar/skylight access system allow the determination of 
the preferred urban street orientation, proportions and 
geometry of buildings to assure solar rights to each 
building. The outlined solar/skylight system allows design 

of solitary tall buildings without violating solar rights of 
neighbouring buildings during a given period of the year, 
the design of solar envelopes, and suchlike tasks.  
 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

269 

ACKNOWLEDGEMENT 
 
This article was carried out partly within the frame of 
VEGA 1/0308/03 Research Project. The author would 
like to thanks Scientific Grant Agency of Ministry of 

Education of Slovak Republic and Slovak Academy of 
Sciences for their financial support. 
 

REFERENCES 

 
!SN 73 4301 Obytné budovy. (1955) (Dwellings in 

Czech) 
Zborník prác Slovenského hydrometeorologického 

ústavu (1991) Alfa: Bratislava (Collection of papers of 

the Slovak Hydrometeorological Institute, in Slovak) 

STN 73 4301 Budovy na b!vanie. (1998) (Dwellings, in 
Slovak) 

Hraska, J., Stujber, M. (1993) Manual of program INS. 
Private publication: Bratislava 

Darula, S., Kittler, R. (2002) CIE general sky standard 
defining luminance distribution. eSIM2002 The 
Canadian conference on building energy simulation, 
September 11th - 13th: 
www.esim.ca/2002/English/proceedings.htm 

STN 73 0580-1 Denné osvetlenie budov. !as" 1: 

Základné po#iadavky’ (1987) (Daylighting of Buildings. 
Part 1: Basic Requirements. In Slovak) 

Puskas, J.: (1999) Personal communication.  
Hraska, J., Stujber, M. (2000) Manual of program OSV1-

UT. Private publication: Bratislava

 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

270 

 
The correlation between social status and thermal 

context in the past with thermal comfort experiences 
 
 

Sugini 
 

Architecture Department, Faculty of Civil Engineering & Planning, Islamic University of Indonesia 

Architecture Department of Gadjah Mada University, Indonesia 
 
 

ABSTRACT: The objective of this research was to study the correlations between variables of social 
status and thermal context in the past with thermal experiences, especially with the variables of thermal 
discomfort experiences and thermal comfort image of certain building types. 
To reach this research objective, 264 respondents were involved. The data was collected by 
questionnaire. Analyses were done by the statistic of product moment and coefficient of contingency. 

The conclusions of this research are: (1) The individual social situation characteristic variables and the 
variable of thermal context in the past that have significant correlation with thermal comfort experiences 
in the past are the type of job and the type of dominant ventilation system in daily life. The correlation 
between thermal comfort experiences in the past with type of job is strong, and the correlation between 
thermal comfort experiences in the past with the thermal context in the past is weak. (2) The type of job 
is the most important variable in the prediction of the thermal comfort expectation of building occupant. 
The second variable is the type of dominant ventilation system in the occupants’ daily life.  
Based on these conclusions, it is recommended that, in building design, the thermal standard in design 

guideline must be carefully based on the type of job and the type of dominant ventilation system in the 
daily life of the people who will live inside the building. 
 
Conferences theme: Architecture and the environment 
Keywords: thermal comfort, thermal experience, social status, thermal context in the past 

 
 

1. INTRODUCTION 
 

1.1. Background 

A perfect building design process always consists of 
many aspects. Thermal comfort is one aspect of urgent 

consideration in that process. Therefore, architects must 
have a deep understanding and knowledge of thermal 
comfort. The better the architect’s thermal comfort 
knowledge the more perfect the design. Thus thermal 
comfort is an important topic in the study of architecture. 
Thermal comfort is the state of mind that expresses the 
level of satisfaction with one’s thermal environment 
(Fanger 1982; Intyre 1980; Moore 1993; Humphreys, 

Nicol, Sykes, Roaf in Humphreys etc 1995). Based on 
Croome (1997), thermal comfort may be defined as an 
accumulative product of physical, physiological, and 
socio cultural aspects. 
From the adaptive perspective, the human body protects 
the heat balance in two ways. The first is the 
physiological thermoregulation system, for example; 
sweating, vasodilatation, vasoconstriction in blood 

distribution (Moore, 1993). The second is the behavior 
thermoreguator system which consists of two behavior 
thermoregulator systems, overt behavior and covert 
behavior thermoregulator system (developed based on 
Auliciems, 1989 and Sarwono, 1992). 
The overt behavior thermoregulator system is the 
physical effort made by people to adjust the climatic 
variables in their thermal environment to match their 
thermal expectation, for example; opening or closing the 

window, moving position, changing the type of clothing. 
The covert behavior thermoregulator system is the 
psychological effort made by people to change their 
psychological process. Therefore the gap between the 
thermal expectation and thermal environment can be 

diminished, so that the feeling of thermal comfort can be 
attained. Changes in the perception process are part of 

the psychological process to adapt to the thermal 
context. 
In the functionalist view of perception, the perception 
process is not just a process of psychological structuring 
in the brain stimulated by the stimulus of environment, 
but also involves the process of recalling memory and 
then choosing and comparing between the past and 
present experiences (Bell etc, 1978). In the case of 

thermal environment perception process, thermal 
experiences memory collecting is one important part in 
the thermal perception process. It means that the 
individual thermal experiences in the past play an 
important role in the state of thermal expectation and 
thermal adjustment. Therefore, the one important 
strategy to understand the occupant’s thermal 
expectation is to understand the past thermal 

experiences of the occupant. By understanding past 
thermal experiences of the occupant and the correlation 
between the thermal experiences in the past and others 
variables, architects can predict the thermal expectation 
of the people that will be serviced by the building. 
The problems are how can the architect predict or 
identify the occupant’s thermal experiences in the past. 
The answer to this problem lies in identifying and 

understanding the variables that influence people’s 
thermal experiences in the past. The strategy to identify 
and to understand such variables is to study the 
correlation between social status and thermal context in 
the past with thermal comfort experiences. 
 

1.2. The objective of research 
Thermal comfort is an important aspect of architectural 
building design. The judgment of thermal comfort is 
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influenced by psychological individual differences, 
especially by the differences of thermal perception 
process. The process of perception is ascertained by 
thermal experiences. There are two variable groups that 

are presumed to ascertain thermal experiences. Those 
variables are variables of social status and variables of 
thermal context in the past. 
The objective of this research is to identify the correlation 
between the variables of social condition and thermal 
context in the past with the variables of thermal 
experiences in the past. Based on the theoretical study 
the variables of social condition, thermal context in the 

past and the variables of thermal experiences in the past 
can be indicated or can be “measured” in variables as 
described below: 
The variables of thermal experiences in the past: 
1. The experiences of thermal discomfort. 
2. One’s description of one’s imagination of the thermal 
comfort of certain building types. 
The variables of social condition: 

3. The type of job. 
4. The level of education. 
5. The level of income. 
6. Family size. 
7. Family status. 
The variable of thermal context in the past 
8. The dominant ventilation system of one’s daily life. 
 

2. METHOD 
 

2.1. Location, population and sample 
The location of the research is Yogyakarta, Indonesia. 

Yogyakarta is most known as a student city (Yogya.com, 
2003 and BPS, 2001). Although Yogyakarta is the 
second smallest of Indonesia’s major cities, it is home to 
6 public Universities and 106 private Universities with 
261.698 college students. Apart from educational 
activities, like other cities in general, common activities 
like office, banking and manufacturing activities are 
undertaken in Yogyakarta. 

The population of this research are students, office 
workers, teachers and lecturers, and manufacturing 
workers. Sample cluster, sample and respondent are can 
be seen bellow in table 1. 
 

Table 1: Population, sample and respondent 
Population Sample cluster Sample Response 

Student College student The student collage of 

Architecture UII 
 

54 

Office worker NV 

 

 

AC 

Office worker in: UII & 

the primary school of 

Muh CC. 

 

Bank officer in: 

Mandiri, 

Bukopin, 

BTN. 

 

 

46 

 

 

29 

15 

30 

Teacher and 

lecturer 
lecturer 

teacher 
Lecturer of FTSP UII 

SD Muh CC 
32 

26 (include 

staff) 

Manufacturing 

worker 
Manufacturing  

worker with machine 

equipment 

Hand tractor 

manufacture 
 

32 

  Total 264 

 
2.2. Data collection and analyses techniques 
Data collection was done by using questionnaires that 
were divided into two parts.  In the first part, respondents 
were asked to choose answers to questions about 

variables of social condition such as the type of job, the 
level of education, the level of income, family size, family 
status and about the dominant ventilation system of the 
respondent’s daily life. In the second part, respondents 

were asked to mark the appropriate answer box. Based 
on their thermal experiences, respondents choose the 
box with a word and picture that represents their 
perception of the thermal comfort condition in a certain 
building type. The word that expresses the level of 
thermal comfort was developed based on ASHRAE’s 
seven-point scale of thermal comfort and the pictures 
were based on Woolard and Solomon in Auliciems, 

1989. An example of a question in part two is provided 
below. 
Room in the building type of traditional market 
According to my imagination, the picture in the box below 
that best represents how I imagine the thermal condition 
of a room in a traditional market is the picture in the box 
that I choose below: 
 

1 
dingin 
sekali 

(very 
cool) 

2 
dingin 

 

(cool) 

3 
agak 
dingin 

(slightly 
cool) 

4 
nyaman 

 

(comfort
able) 

5 
agak 
panas 

(slightly 
hot) 

6 
panas 

 

(hot) 

7 
panas 
sekali 

(very 
hot) 

       

Figure 1: An example of the form of questions in part 
two of the questionnaire; traditional market building type. 
 
The raw data were transformed to the nominal and 

ordinal data. Therefore analyses were done using non 
parametric and parametric statistics. The statistics that 
are used are the correlation association assessment of 
coefficient of contingency and product moment. 
 

3. THE VARIABLES OF THERMAL COMFORT 
 
3.1. Physical physiological variables 
In the thermo adaptive physiological approach, thermal 
comfort depends on the load of physiological 

thermoregulator of the body. The load of the 
thermaregulator depends on six variables. The six 
variables consist of two groups, physiological variables 
and climatic physical variables. The two variables of 
physiological variables are the rate of metabolism that 
can be identified by activity and the rate of insulation of 
clothing. The four other variables that are included in the 
climatic physical variables are air temperature (ta), mean 

radiant temperature (tmrt), Relative humidity (RH) and 
the velocity of air (v) (Koenigsberger 1977, Morris & 
Markus 1980, Fanger, 1982). 
Besides those variables, there are specific thermal 
context conditions that can influence the sensation of 
thermal comfort. Extreme discrepancy in the thermal 
sensation of the body will change one’s thermal comfort 
judgment. The condition that can be included in this 

situation is draught, thermal asymmetry body condition. 
Draught is the cooling of body parts because of 
unexpected convection. Thermal asymmetry is the 
condition of body whereby two parts of the body 
experience extremely different thermal condition. This 
may be extremely different between feet and head or 
between right foot and left foot (Innova, download 2002). 
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3.2. Psychological variables 
The judgment of environmental thermal comfort is a form 
of human response to thermal environment. Thus 
thermal comfort response is a form of relation between 

the human psychological aspect and the thermal 
environment. Therefore an environmental psychological 
approach is relevant to understanding thermal comfort. 
There are several theories in environmental psychology 
which emphasize that people’s response to 
their environment includes the thermal environment. 
These are the theories of environmental stress and 
reflect arrow. 

 
3.2.1 Thermal comfort as a response of 
environmental stressor 
The psychological relation between human and their 
environment is begun with the perception process. The 
perception process is started when human senses are 
stimulated by the thermal environment. By the process of 
thermal stimulus perception one assesses whether the 

thermal environment can be accepted or not. By the 
process of thermal stimulus perception one also can 
judge whether the thermal environment is tolerable or 
not. If the thermal environment is in optimum tolerable 
condition, one will feel homeostatic but if the thermal 
environment is outside the optimum tolerable thermal 
boundary then one feels in an unhomeostatic condition, 
and may experience stress. 

Humans are an active organism therefore if one is in a 
stressed condition she or he will try to handle this stress 
by the specific mechanism of stress coping. Mechanisms 
of stress coping within each individual sometimes 
succeed or sometimes fail. Success in the process of 
stress coping leads to the process of adaptation and or 
adjustment. On other hand the failure of the stress 
coping process causes the sustainable stress condition 
that will effect a traumatic psychology ( Bell etc, 1978). In 

the thermal stressor context, this aftereffect condition 
gives one an experience of thermal discomfort. At the 
end of this iterative process, this aftereffect will reflect 
the psychological individual differences (Bell etc, 2001). 
This theory is reinforced by statement of Garry w Evans, 
Sheldon, Cohen (1987). Cohen etc stated that individual 
judgment of thermal condition will be influenced by 
psychological individual differences and the contextual 

differences. 
According to Selling and Harvey’s (1981) work on 
stressor sensitivity, there are two variable groups’ 
individual differences that influence the response to the 
environment stimulus. Those two groups are the 
personality individual characteristic differences and the 
social individual characteristic differences. The 
personality individual characteristic difference is a 

characteristic difference that is formed by the difference 
of personality. The social individual difference is the 
characteristic differences that are constructed by the 
differences of the social system. Of these two variables 
groups, the social individual characteristic difference is 
the most dominant variables group. 
The social individual characteristic differences contain 
two variables groups. The first group is social situation. 

The social situation consists of such variables as the 
type of job, the level of education, the level of income, 
the size and the status of family. The second variables 
group is contextual condition in the past. Based on 
Auliciems (1987), in the case of thermal perception, the 
contextual condition in the past can be detailed as the 
thermal environment in the past. According to Linden, 
Boestra and Raue (2001) there are significant 
differences of thermal satisfaction between people in 

different buildings with different ventilation system. It 
means that in the case of thermal perception, the 
contextual condition in the past can be indicated or can 
be measured by the kind of dominant ventilation system 

of one’s daily life. 
 
3.2.2 Thermal comfort perception and the theory of 
‘reflect arrow’ 
As described before, perception process is the first step 
of individual and thermal environment relation systems. 
There are theories that clarify the system of stimulus and 
reflection in the perception process that are referred to 

as ‘reflect arrow’. The ‘reflect arrow’ theories that can be 
used to describe the relation of stimulus and reflection 
are: (1) The theory of Determinism (Stimulus –
Response,S-R); (2) The theory of Interactionism 
(Stimulus-Organism-Response, S-O-R); (3) The theory 
of Transactionism (Stimulus- Organism-Transaction- 
Respond, S-O-T-R) (Sarwono, 1992). 
According to the theory of Transactionism (Stimulus-

Organism-Transaction- Respond, S-O-T-R), the 
response of the individual depends on not just a stimulus 
and the characteristic of the organism, but also depends 
on the meaning of the transaction process inside the 
organism in relation to the meaning of environmental 
stimuli. 
In the case of thermal stimuli, the same thermal 
environmental stimuli for the same individual organism 

but with a different meaning transaction process will 
result in a different response. For example, the response 
of the same people for the same climate variable 
composition configuration in a traditional market and in a 
modern department store will be different. The individual 
thermal meaning transaction for the traditional market 
setting that is commonly hot and stuffy and is imagined 
as hot and stuffy prepares an individual to experience a 
bad thermal condition. There fore the expectation of the 

individual about the thermal environment in the 
traditional market is low. As consequence of those 
conditions, the hot and stuffy thermal environment in a 
traditional market can be accepted. Alternatively, the 
individual transaction of thermal meaning for the modern 
department store setting that is usually cool and clean 
and is imagined as cool and clean leaves an individual to 
experience a bad thermal condition. Therefore the 

expectation of an individual regarding the thermal 
environment in the modern department store is high. As 
consequence of that condition, a hot and stuffy thermal 
environment in a modern department store can not be 
accepted. And at the end, the same climatic variable 
configuration in those two building types will be 
responded to in two different ways and produces 
different responses. 

Based on the paragraph above, it can be predicted that 
there is an interactive correlation between the repetitive 
recorded thermal imagination of a certain building type 
that is collected in memory with the individual thermal 
comfort meaning of a certain building type. This 
prediction is congruent with the research results of Gary, 
Evans and Sheldon (1987) 
 

3.3. Theoretical frame 
According to the review of literature, research can be 
constructed around the correlation between thermal 
comfort experiences variables with social status and 
thermal contextual experiences in the past. 
The construction of these variables frame can be seen at 
the figure 2. 
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Figure 2: The correlation between social status, thermal context 

in the past with thermal discomfort experiences and thermal 
comfort image of certain building type in a context of correlation 

between physiological and psychological variables 

 

4. RESULTS 
 
This research analysis led to several results that can be 
detailed in table 2 below. 
According to the regulation of correlation coefficient 

interpretation on table 3 and results of analysis it can be 
assumed that the correlation between social status and 
thermal context in the past with thermal comfort 
experiences are: 

 
Table 3: The regulation of correlation coefficient 

interpretation based on Sugiyono (2000) 
Coefficient interval The level of correlation 

0,00-0,199 Very low 

0,20-0,399 Low 

0,40-0,599 Middle 

0,60-0,799 Strong 

0,80-1,000 Very strong 
 Source: Sugiyono, 2000 

 
4.1. The type of job 
The categorization in the classification of type of job is 
based on the contextual characteristic of job environment 
and activity type. In this research, the types of job that 
are studied are college student, office workers and 
manufacturing workers. 
 

4.1.1. Correlation between the type of job with 
thermal discomfort experiences 
The contingency value of the correlation between the 
types of job with thermal discomfort experiences is 0,785 
and significant. According to Sugiyono (2000), this 
correlation can be classified as a strong correlation. 
 

Table 2: The recapitulation of result analysis 
No The variables of 

thermal 

experiences 

The variables of social status and thermal contextual 
in the past 

Coefficient correlation Significance 
5% 

1 Thermal discomfort The dominant ventilation system in daily life time 
 

C =0,374 Significant 

  Personal and family income C personal=0,086 
C family=0,16698 

Insignificant 

  Education level C=0,158 Significant 

  Type of job C=0,785 Significant 

  Family size r=0,0955 Insignificant 

  Family status 

 

C=0,0398 Insignificant 

2 The imagination of 
thermal comfort of 

certain building 
type 

The dominant ventilation system in daily life time 
 

1. Bus station :C = 0,319 
2. Traditional market :C=0,363 

3. School : C= 0,342 
4. Train station : C=0,348 
5. Hospital : C=0,349 

Significant 
Significant 

Significant 
Significant 
Significant 

  Education level 1. Bus station :C=0,359 

2. Traditional market: C=0,184 
3. School: C=0,205 
4. Train station : C=0,043 
5. Hospital: C=0,302 

Significant 

Insignificant 
Significant 
Insignificant 
Significant 

  Family income 1. Bus station: C=0,17 
2. Traditional market: C=0,172 
3. School: C= 0,156 

4. Train station  : C=0,207 
5. Hospital: C=0,157 

Insignificant 
Insignificant 
Insignificant 

Insignificant 
Insignificant 

  Personal  income 1. Bus station: C=0,07259 
2. Traditional market: C=0,0686 

3. School: C=0,137 
4. Train station : C=0,0726 
5. Hospital: C=0,065 

Insignificant 
Insignificant 

Insignificant 
Insignificant 
Insignificant 

  Type of job 1. Bus station: C=0,864 

2. Traditional market : C=0,863 
3. School: C=0,868 
4. Train station: C=0,826 
5. Hospital: C=0,686 

Significant 

Significant 
Significant 
Significant 
Significant 

  Family size 1. Bus station: C=0,17493 
2. Traditional market: C=0,17 
3. School: C=0,308 
4. Train station :C=0,199 

5. Hospital: C=0,222 

Insignificant 
Insignificant 
Significant 
Insignificant 

Significant 

  Family status 
 

1. Bus station :C=0,02077 
2. Traditional market : C=0,205 

3. School: C=0,065 
4. Train station : C=0,005 
5. Hospital: C=0,08096 

Insignificant 
Significant 

Insignificant 
Insignificant 
Insignificant 
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4.1.2. Correlation between the types of job with the 
thermal comfort image of a certain building type 
Based on table 2 and table 3, it is shown that the 
correlation between the types of job with the thermal 

comfort image of a certain building type is 0,785 for the 
building type of bus station; 0,863 for the building type of 
traditional market; 0,868 for school; 0, 826 for train 
station; 0, 686 for hospital and all of these correlations 
are significant. It means the correlations are strong and 
significant for all kinds of building types that have been 
studied. 
 

4.2. The dominant ventilation system in daily life 
The categorization in the classification of the dominant 
ventilation system is based on type of ventilation system. 
The ventilation system is divided to three types. These 
are natural ventilation (NV), air conditioning (AC) and a 
combination of type NV and AC. 
2.1 The dominant ventilation system in daily life with 
thermal discomfort experiences 

The contingency value of the correlation between the 
dominant ventilation systems in daily life with thermal 
discomfort experiences is 0,375 and significant. 
According to Sugiyono (2000), this correlation can be 
classified as a weak correlation. 
2.2 Correlation between the type of job with the thermal 
comfort image of certain building type 
Based on table 2 and table 3, the correlation between 

the dominant ventilation system in daily life with the 
thermal comfort image of certain building type is 0,319 
for the building type of bus station; 0,363 for the building 
type of traditional market; 0,342 for school; 0, 348 for 
train station; 0, 349 for hospital and all of these 
correlations are significant. It means that the correlations 
are weak but significant for all kinds of building types that 
have been studied. 
 

4.3. The education level 
The classification of education level is based on the 
formal education successfully completed by the 
respondent. The levels of education that are compared 
are High school, Diploma 3, undergraduate degree and 
graduate degree. 
 
4.3.1 Correlation between the education level with 

thermal discomfort experiences 
The contingency value of the correlation between the 
education levels with thermal discomfort experiences is 
0,158 and significant. According to Sugiyono (2000), this 
correlation can be classified as a very weak correlation. 
 
4.3.2 Correlation between education level with the 
thermal comfort image of certain building type 

Based on table 2 and table 3, the correlation between 
the education level with the thermal comfort image of 
certain building type is 0,359 for the building type of bus 
station; 0,184 for the building type of traditional market; 
0,205 for school; 0, 043 for train station; 0, 302 for 
hospital, It is significant for three building types but 
insignificant for two building types. It means that the 
correlations are weak for three types of buildings and 

very weak for two types of building that have been 
studied. 
 
4.4. Family size 
The size of family is a classification based on the 
members of family. 
 
 
 

4.4.1 Correlation between the size of family with 
thermal discomfort experiences 
The contingency value of the correlation between the 
size of family with thermal discomfort experiences is 0, 

0955 and insignificant. According to Sugiyono (2000), 
this correlation can be classified as a very weak 
correlation. 
 
4.4.2 Correlation between the size of family with the 
thermal comfort image of a certain building type 
Based on table 2 and table 3, the correlation between 
the size of family with the thermal comfort image of a 

certain building type is 0,175 for the building type of bus 
station; 0, 17 for the building type of traditional market; 
0,308 for school; 0, 199 for train station; 0, 222 for 
hospital. It is significant for two building types but 
insignificant for three building types. It means that the 
correlations are weak for two types of building and very 
weak for three types of building that have been studied. 
 

4.5. The personal and family income 
 
4.5.1 Correlation between the personal and family 
income with thermal discomfort experiences 
The contingency value of the correlation between the 
personal and family income with thermal discomfort 
experiences is 0,086 for personal income, 0,167 for 
family income and insignificant. According to Sugiyono 

(2000), this correlation can be classified as a very weak 
correlation. 
 
4.5.2 Correlation between the personal and family 
income with the thermal comfort image of a certain 
building type 
Based on table 2 and table 3, the correlation between 
the personal income with the thermal comfort image of 
certain building type is 0, 0723 for the building type of 

bus station; 0, 0689 for the building type of traditional 
market; 0,137 for school; 0, 073 for train station; 0, 065 
for hospital. It is insignificant for all of building types. 
Therefore the correlations are very weak for all types of 
building. 
According to table 2 and table 3, the correlation between 
the family income with the thermal comfort image of 
certain building type is 0,17 for the building type of bus 

station; 0,172 for the building type of traditional market; 
0,156 for school; 0, 207 for train station; 0, 157 for 
hospital. It is insignificant for all of building types. It 
means that the correlations are very weak for all types of 
building. 
 
4.6. Family status 
Family status classification is based on the status of the 

parent. There are two categories that are used, single 
parent or couple parent. 
 
4.6.1 Correlation between family status with thermal 
discomfort experiences 
The contingency value of the correlation between family 
status with thermal discomfort experiences is 0,0398 and 
insignificant. According to Sugiyono (2000), this 

correlation can be classified as a very weak correlation. 
 
4.6.2 Correlation between family status with the 
thermal comfort image of a certain building type 
Based on table 2 and table 3, the correlation between 
the family status with the thermal comfort image of 
certain building type is 0,0208 for the building type of bus 
station; 0,205 for the building type of traditional market; 
0,065 for school; 0, 005 for train station; 0, 081 for 
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hospital. It is insignificant for all building types. Therefore 
the correlations are weak for all types of buildings. 
 

CONCLUSION 
 

The results of the research have produced the following 
conclusions and recommendations, as below: 
• The individual social situation characteristic variables 

and the variable of thermal context in the past that have 
significant correlation with thermal comfort experiences 
in the past are the type of job and the type of dominant 
ventilation system in daily life. The correlation between 
thermal comfort experiences in the past with type of job 
is strong, and the correlation between thermal comfort 

experiences in the past with the thermal context in the 
past is weak. 

• Based on the first conclusion it can be seen that the 
type of job is the most important variable in the 
prediction of thermal comfort expectation of a building 
occupant. The second variable is the type of dominant 
ventilation system in the occupant’s daily life. 

• According to the second conclusion, it is recommended 

that in building design, the range of thermal comfort 
that will be a standard in design guideline must be 
carefully based on the type of job and the type of the 
dominant ventilation system in the daily life of the 
people who will live inside the building. 
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ABSTRACT: The architecture community is both challenged and rewarded by a multitude of dynamic 
phenomena related to professional practice of architecture in the 21

st
 century, not least of which are 

globalisation and internationalisation. The implications for architectural education are profound and 
confronting, in terms of providing a relevant platform for graduates prepared for a professional climate 
tempered by the impacts of these phenomena, and for a sustainable professional future. Architecture 
students, who pursue the challenge of working either in an office overseas or a local multinational 

office for professional experience and self-development, enrich the offices and the projects and open 
up wider opportunities for future prospects for themselves. This paper presents an initial evaluation of 
two educational initiatives developed and implemented at Deakin University, School of Architecture 
and Building, which respond to current tertiary education objectives for internationalisation in relation to 
increasing international experiences for students, developing international perspectives and increasing 
prospects for their future. The outcome of the paper is to identify common learning experiences of 
students which correspond to the aims of the programs and to review them against selected education 
and strategic policies on internationalisation. The paper also discusses how these learning experiences 

translate into desirable graduate attributes that might help secure the success of the profession in a 
global arena. 
 
Conference theme: Architectural education 
Keywords: architectural practice, architectural education, internationalisation, student learning 
experiences 

 
 

INTRODUCTION 
 

Issues related to widening geographic markets of 
architectural practice and education, advances in 
information technology and international trade 
agreements and how they are part of the challenges 
brought about by of globalisation in the study and 
practice of architecture, are increasingly explored and 
discussed by a global community (Tombesi and Wilkins 
2003). Within the first twelve months of the 21

st
 century, 

it was predicted that large architectural practices in 

Australia would dominate the market and those who 
have not already done so will form relationships on a 
national and international basis (Peck 2000). Importantly, 
the implications for architecture education are reported to 
be profound and particularly confronting for schools of 
architecture. (Boyer and Mitgang 1996, Knox and Taylor 
2004).  Recognition of changing future practice and the 
role of education are acknowledged through the 

Education Policies on Internationalisation of the Royal 
Australian Institute of Architects (RAIA), and the 
International Union of Architects (UIA). At the higher 
education institutions, such as Deakin University, 
internationalisation is a strategic priority. Major areas 
under Deakin’s "Education Abroad" banner include 
Student Exchange, Study Abroad, Internships, industry 
and business placements, and international study tours. 

The University’s objective for internationalisation is 
based on the philosophy that learning in an overseas 
environment can be a transformative experience; that for 
many students, an international study experience is the 
most powerful means of demonstrating what 
internationalisation will mean in their future working lives; 
a period of overseas study will therefore be the principal 

aspect of internationalisation experienced by many 

students (Deakin University 2004). 
Within the context of this challenge, two educational 
initiatives with distinctive yet comparable objectives were 
developed and implemented by the author at Deakin 
University, School of Architecture and Building. The first 
initiative is an international practice experience program, 
which offers a unique experience to selected architecture 
students for a minimum three-month placement with host 

sponsor practices in Malaysia. It is sponsored and 
funded by the School’s international alumni as a 
scholarship program. The second is an elective unit, 
offered to upper, level students (Year 3 and above) for 
credit and includes a mandatory practice experience 
component with either an Australian or an overseas host 
practice. Both are aimed at increasing learning outcomes 
through enhanced educational experiences. Students 

undertake these programs through an internship styled 
format geared towards establishing symbiotic 
relationships between university and practices, locally as 
well as globally. A principal objective of promoting 
professional experiences combined with a simultaneous 
experience of cultural exchange is for students to 
develop international perspectives. The definition of 
‘international perspectives’ is discussed further in the 

discussion section. The development of prospects is 
related to opportunities for potential personal and 
economic gain through cultivation of social and 
professional networks. In the age of the ‘Global Me’ in 
which the demand for a cosmopolitan, hybrid, itinerant 
and globally connected citizen is rising, and the currency 
for such a commodity is considerable (Avdiev 2001), the 
consideration for international perspectives and of 
prospects for students is pertinent and likely to influence 
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future graduate attributes in a positive way. Specific 
international contexts are created when there are 
Australian students working in practices overseas, 
Australian students working in a local multinational 

organization with international projects, and when there 
are international students working in Australian practices. 
Student learning experiences gained from within these 
specific international contexts are the focus of this paper. 
As a preliminary evaluation, the purpose of the paper is 
to identify common learning experiences and assess 
how they respond to relevant education and strategic 
university policies on internationalisation. Background, 

primary objectives, and process of implementation of 
each program are described in the following sections. 
Finally, the paper discusses how architecture students 
who participate in these programs are able to develop 
international perspectives and prospects. 
 

1. BACKGROUND 
 
Challenges of internationalisation to architecture 
education in Australia and an approach for the alignment 

of practical experience with academic learning. 
Architectural education in Australia takes place within an 
international context and must be cognisant of the wider 
global community (RAIA 2002). It is underpinned by a 
view of architecture as a holistic response to the special 
possibilities of climate, context and place, and of ideas 
applicable to the making of architecture in all contexts. 
This holds within it an inherent respect and value for 

cultural differences and diversity. The Royal Australian 
Institute of Architects (RAIA) education policy statement 
promotes a vision of architecture education as a major 
change agent to re-position the profession in the 21

st
 

century; that architecture education must be able to 
produce graduates capable of meeting future challenges. 
RAIA policy statement of internationalisation recognises 
that international students and cross-cultural activities 

contribute to the diversity of Australian architecture 
programs and expose Australian students to alternative 
philosophies and ideas. International student 
recruitment, exchange agreements with overseas 
programs and the development of alumni associations in 
this increasingly global industry are encouraged (RAIA 
2002). The International Union of Architects (UIA) Accord 
on Recommended International Standards of 
Professionalism and the UIA/UNESCO Charter for 

architecture education (1999) is the result of a vision of 
co-operative endeavour of the international community of 
architects. The accord on international standards and 
practice and the creation of a global network of 
education is necessary as a navigating light for the road 
towards complex forms of contemporary professional 
practice. In recognition of increasingly alternative forms 
of association and cooperative practices made up of 

teams of multidiscipline members from all parts of the 
world, the accord supports a policy for practice in a host 
nation and a need to promote the awareness of local 
environment, social, and cultural factors and ethical 
standards (UIA 1999).  
The Boyer Report (Boyer and Mitgang 1996) sparked an 
approach of unity towards an agenda for collaboration 
and equitable responsibility for the future directions of 

architecture education from all stakeholders in the 
architectural community (Arch Voices 2002). 
Practitioners, educators, interns, professional and 
accreditation bodies and other relevant parties in the 
United States and Canada currently have the opportunity 
to engage in real time dialogue on the future 
sustainability of the a profession through the online 

forum, Arch Voices. Focusing on creating a seamless 
transition from university to practice which looks towards 
a greater alignment of practical experience with 
academic learning through the experience of internships, 

is a main thrust of the collaborative initiative in the North 
American context. Burns (1997) presents many 
approaches to alignment of professional education and 
professional practice and outlines the wisdom of respect 
and value for each.  Savage (2003) advocates that much 
useful theory is made in and through practice and 
describes how students of architecture can be well 
served if, as undergraduates, they are exposed to the 

ways in which experts learn from their own practice. 
Research done in other professions, namely that of the 
interdisciplinary field of construction management, 
support the fact that universities have a responsibility to 
their students to assist them in obtaining the best 
educational outcomes from the degree courses, and that 
closer co-operation between the University and industry 
may be necessary to realise the potential for the 

development of desirable graduate attributes through 
experiential learning (Lingard et al 2003). In 2001, a 
project titled ‘The Global Imperatives for Architectural 
Education’ was formed by a Joint Consortia of staff and 
students from America and Europe to present 
architecture students with opportunities that allow for 
theoretical and practical applications and first hand 
cultural engagement beyond their national boundaries. In 

summary, there are different merits for an approach of 
alignment of practical experience with academic learning 
worth considering for an agenda of architecture 
education for the future. On going research by the author 
since 2003 towards a submission for a Master’s thesis 
on student learning experiences gained from 
architectural practices and its significance to the 
profession, provides a wider context for this paper.  
Learning experiences gained by students from 

architectural practices in the international context is a 
related and significant aspect of the research. 
 

2. PROMOTING PROFESSIONAL PRACTICE 
EXPERIENCES IN DEAKIN UNIVERSITY 
 
Professional practice experience is not a mandatory 
component of the five-year architecture degree program 
in Australia. This aspect of the curriculum is dealt with 
differently amongst schools of architecture. Professional 
practice experience is required only prior to professional 

registration, and it is accepted that this will generally 
occur in the post graduation period.  It is observed that 
graduates who have in a sense ‘got their foot in the door’ 
early have an advantage, in possibly more ways than 
one, over their contemporaries who do not. Students and 
prospective employers in particular, are cognizant of this. 
Although not formally facilitated or offered, professional 
practice experience for students has always been 

actively encouraged at Deakin University, School of 
Architecture and Building. Following an annual state visit 
by the RAIA State Visiting Panel in 1996, a 
recommendation to increase opportunities for 
professional practice experience, particularly prior to 
students’ final year, was submitted to the School as part 
of the panel’s report. This recommendation also took into 
account feedback and comments received from students 
on this matter. This reaffirms the view that professional 

practice experience has distinctive value at any stage of 
the education of an architect. Since their implementation 
in 2001, the international practice experience scholarship 
program and the architecture practice experience 
elective unit have sought to address the 
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recommendations of the SVP, by increasing the 
promotion of professional practice experiences through a 
framework of inclusivity and recognition of cultural 
diversity.  

 

3. THE DEVELOPMENT OF AN 
INTERNATIONAL PRACTICE EXPERIENCE 
PROGRAM (SCHOLARSHIP PROGRAM) 
 

Background, Objectives, and Process of 
implementation 
Following a series of rewarding international alumni 
reunion events organised by the School (1999 – 2000), 
the idea for the establishment of an international alumni 
sponsored scholarship was initially conceived as a way 
in which international alumni practitioners could enjoy a 
formal link with the current School community. The 

Scholarship was founded and named in honour of 
Associate Professor Nick Beattie in recognition of his 25 
years of contribution to the university and the school. 
The Nick Beattie International Practice Scholarship 
provides Deakin University architecture students with the 
opportunity to gain professional practice experience in an 
architectural practice as well cultural insights and 
exposure in an international environment. It received 

foundation support from the School’s international alumni 
in Malaysia, which allowed the School to make three 
inaugural awards in 2001(two awards to 4

th
 year student 

and one award to a 5
th

 year student). The Scholarship is 
principally offered to fourth year architecture students, 
and the award includes the offer of a student placement 
for professional practice experience for a minimum 
period of three months, and includes financial assistance 

towards travel, personal allowance and accommodation. 
The objectives of the Scholarship are:  
• Provide benefit to students, through the opportunity of 

architectural practice experience and cultural exchange 
in an international environment;  

• Foster ongoing benefit through partnership links with 
the School’s International and Australian Alumni;  

• Foster and reinforce the School’s International and 
Australian relationship;  

• Broaden the multicultural awareness of the School; and  
• Raise the International profile of the School. 
Winners of the scholarship are awarded through an 
application and selection process. As part of the 
application, students are required to provide a student 
statement on why they would like to receive the award 
and how they will use the opportunity. Short listed 
candidates are invited to attend a series of staged 

interviews. The selection criteria are based on a number 
of merits: academic performance, personal 
attributes/attitudes, and contribution to the School 
community. Since 2001, further support enabled another 
four awards in 2002 (three awards to 4

th
 year students 

and one award to a 5
th

 year student).  In 2003, no 
awards were made due to potential risks of international 
hazards (Bali bombing and threat of terrorists incidents in 

the region). In 2004, up to six awards will be made. The 
total number of awards from 2001 – 2004 will be a 
possible thirteen. Following the conclusion of the 
scholarship program, each student is required to prepare 
and present an account of their personal and 
professional experiences to the School.  
 
 

 
 
 
 

4. THE DEVELOPMENT OF ARCHITECTURE 
PRACTICE EXPERIENCE (ELECTIVE UNIT) 
 
Background, Objectives and Process of 
implementation  
Architectural Practice Experience was conceived as an 
extension of the scholarship program, to promote access 

for more students to a wider community of architecture 
practices. Developed and implemented as an elective 
unit, it provides upper level (Year 3 and above) students 
with the opportunity of practical experience in an 
architect’s office, either in Australia or overseas. Where a 
host practice is of an international nature, there is the 
benefit of being cognisant of the implications of cultural 
differences in the conduct of practice in an international 

context. The unit aims to address priority educational 
and professional objectives, which include providing 
graduates with a comparative edge in the personal and 
professional realms that result in enhanced graduate 
attributes and educational outcomes. Students are 
exposed to an extensive range of learning experiences 
not usually transparent or available during formal 
learning modes of lectures. Involvement and immersion 
in a practice environment are intended to consolidate 

and extend the learning from academia and the project-
based studio culture. Students are encouraged to 
engage in a process of reflection, self-assessment and 
personal development. The unit captures several 
different scenarios of student/practice relationship in both 
national and international contexts i.e. Australian 
student/Australian practice, international student/ 
Australian practice; Australian student/international 

practice and International student/international practice, 
thus providing invaluable knowledge of the state of play 
of contemporary practice around the globe. It is accepted 
that it is also an opportunity for students who are already 
employed by an architectural practice to earn a credit 
point towards their degree. The teaching and learning 
objectives are to provide extended learning experiences 
and skill development by the following:  

• Consolidate and reconciliate theoretical learning of 
architectural practice introduced through other related 
professional practice units;  

• Gain insight into identifiable and distinguishable 
characteristics of practice culture and practice 
philosophy;  

• Enhance organisational, interpersonal and 
communication skills;  

• Develop appreciation of cultural sensitivity, tolerance 
and understanding through genuine reciprocity of 
values within diverse cultural contexts; develop skills 
and knowledge relevant to contemporary workplace 
ethics; and 

• Encourage reflection on their future place and 
contribution to the profession, and gain a competitive 
edge in the job market. 

  
Unit Format and Delivery (process) 
A symbiotic relationship between student and host 
practice is achieved from the outset through an 
agreement negotiated and accepted by all parties 
(student, practice and unit chair as representative of the 
university) in relation to responsibilities, learning 
objectives, and management of logistics. No formal 
lectures are delivered; therefore each student is faced 

with learning at the highest self-initiated and self-directed 
level. Students are required to outline learning objectives 
at the outset and to submit these as the first part of their 
submission, along with a student statement, a host 
practice profile and a proposal for a topic of investigation 
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within the scope of architectural practice. All students 
who enrol in this unit are encouraged to consider using 
the practical experience gained toward the log book 
requirement which forms part one of the registration 

examinations for the ARBV (Architects Registration 
Board of Victoria). The Unit Chair offers guidance 
towards preparing students for the registration process. 
Two group meetings, where possible, are held during a 
semester with the aim of enabling students to share their 
experiences with one another and to discuss topics of 
interest relating to any aspect of their experiences and of 
the profession. A final report submitted by students is to 

contain the sum total of the experiences gained from the 
time spent with their host practice, the approach and 
outcome of the topic of investigation and any reflective 
thoughts and considerations students might have 
accumulated from the experience. Assessment is based 
on the extent to which the learning objectives have been 
achieved, the element of reflection of the experience and 
competence on the communication aspect of the written 

form and expression of the report. 
 

5. OUTCOMES OF PROMOTING PROFESSIONAL 
PRACTICE EXPERIENCES AT DEAKIN 
UNIVERSITY 2001-2004 
 
An initial evaluation of first-hand accounts (results 
and method) 
The field of investigation includes three separate groups 
of student-practice situations. These are Australian 
students working in practices overseas, Australian 
students working in a local multinational organization 
with international projects and international students 

working in Australian practices. Two groups excluded 
from the field of this study are Australian students 
working in an Australian practice and international 
students working in practices in their home countries, as 
these two groups do not offer a visible and obvious 
international context. The exclusions are made due to 
the focus of the study on the international experiences. 
The distinctions of the three groups included in the field 
of study indicate the possible richness of a holistic study 

which would be expected to include the feedback and 
the experiences of the practices. For the purposes of this 
preliminary evaluation however, the learning experiences 
from students in all three groups are reviewed in an 
identical manner to selected education and strategic 
policies on internationalisation. Learning experiences are 
identified from a total of six Australian students in 
Malaysian practices from the scholarship program, and a 

total of nine students from the elective program (three 
Australian students in practices in Saudi Arabia, Ireland 
and Malaysia respectively, and six international students 
in practices in Australia). 
Student learning experiences from the programs were 
identified from a combination of first hand accounts, 
derived through a process of a student’s self-evaluation 
and reflection, and from feedback processes in 

accordance with scholarship policies and Deakin 
University’s student unit evaluation policies (Deakin 
University Evaluation of Teaching and Unit Policy 2003). 
First hand accounts from these programs were compiled 
and extracted from presentation material of an each 
student’s account of their personal and professional 
experiences provided to the School (scholarship 
program) and submission reports provided to the School 

for assessment towards one credit point (elective 
program). Learning experiences identified by more than 
one student were considered to be common learning 
experiences. A review of how common learning 

experiences identified by the students respond to three 
selected educational policies on internationalisation was 
conducted by the author. Common learning experiences 
related to the aims of each program were accepted as 

valid and reviewed against nominated education and 
strategic policies on internationalisation. Learning 
experiences identified by students outside of the aims of 
the programs were excluded from this preliminary 
investigation. The following extracts from students who 
have successfully completed the scholarship program 
and the elective unit, provide insightful qualitative and 
informal feedback on their experiences from the three 

international contexts. 
The three month experience I had with my Malaysian host 
practice was a huge eye-opener and offered great insight 
into our global workforce that we now emerge into as 

graduates of Australian Universities. (Lennox, D., 
Scholarship program presentation 2002). 
The experience exposed me to architecture, building 

conditions and building practices that were vastly different 
to Australia, most of it due to the people having to make 
do with what they had. It made me think about the social 

responsibilities architects have. It has changed the way I 
think about architecture (Schluter, J., Scholarship 
program presentation 2003). 

The unit gave me the benefit of working towards my 
degree along side of a professional practitioner while 
earning credit towards graduation. It provided me with the 

perfect opportunity to experience Australian culture and 
Australian practice at the professional level (Evansson, J., 
Elective unit, a+b Publication, 2004). 

It is important for all students to have practical experience 
before we graduate. I believe it will give me a competitive 
edge in the job market. The experience has given me 

more confidence for my final year in terms of 
communicating and expressing my ideas (Tann, E., 
Elective unit, a+b Publication, 2004). 

The degree to which common learning experiences meet 
relevant educational and professional signposts is given 
a qualitative grading i.e. minimal, partial, high and 
complete.  The outcome of this review is presented as a 
list of common learning experiences alongside the 
degree to which they respond to the nominated policies 
for each program. An attempt by the author was made to 
rank these experiences in order of frequency of citing, 

however, this was unsuccessful due to the highly 
qualitative nature of recording the feedback, and the 
small number of students evaluated. The lists of common 
learning experiences are therefore presented in no 
particular order and are compiled separately for each 
program. A summary of the field of investigation, the first 
hand accounts and the intended evaluative process as 
outcomes of promoting professional practice experiences 

through the scholarship program and the elective unit are 
presented below (see Table 1). The tabular format allows 
each program to be dealt with separately but presented 
together for clarity. It is expected that cross-analysis 
comparisons of different student-practice contexts will be 
part of future research. The policies (labelled A, B and C)  
were considered relevant and suitable to this Australian 
study because they represent three stakeholders who 

have primary responsibility for ensuring continuity and a 
future for the architecture community i.e. the academy, 
the profession and the international community.  
• Policy A: Deakin University’s Strategic Plan 2004 on 

internationalisation 
  “Students to undertake an international study 

experience”.  
  “Teaching programs to provide learning experiences 

that encompass international and intercultural 
perspectives and experiences and support a culture of 
diversity and inclusiveness”. 
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• Policy B: Royal Australian Institute of Architects (RAIA) 
Education Policy statement on internationalisation 
(2000) 

  “Expose Australian students to alternative philosophies 

and ideas” 
• Policy C: International Union of Architects (UIA) Policy 

on Practice in a host nation (1999) 
  “Promote the awareness of local environment, social, 

and cultural factors and ethical standards” 
 

Table 1: Summary of field of investigation, results and 
evaluation 

 
Scholarship 

Program 
Elective Unit 

Field of 
investigation 
Australian students 

working in practices 

overseas, Australian 

students working in a 

local multinational 

organization with 

international projects, or 

international students 

working in Australian 

practices. 

 

 

6 Australian students in 

Malaysian practices. 

 

 

 

 

 

 

6 international students 

in practices in Australia; 

3 Australian students in 

practices in Saudi 

Arabia, Ireland and 

Malaysia respectively. 

A total of 9 students. 

Results   
First hand accounts are 

gained through a 

process of a student’s 

self-evaluation and 

reflection of the learning 

experiences. 

 

 

Learning experiences 

are derived from 

presentation material of 

an each student’s 

account of their personal 

and professional 

experiences provided to 

the School, and feedback 

processes in accordance 

with scholarship policies. 

From these, learning 

experiences identified by 

more than one student, 

are defined as common 

learning experiences. 

 

Learning experiences 

are derived from 

submission reports 

provided to the School, 

and feedback processes 

in accordance with 

university unit evaluation 

policies. From these, 

learning experiences 

that are identified by 

more than one student 

are defined as key 

learning outcomes. 

  

Review process 
Results are reviewed 

against relevant 

educational and 

professional signposts 

as a key-contributing 

factor in the 

development of 

international 

perspectives and 

prospects for 

architecture students. 

 

Common learning 

experiences are 

reviewed against 

selected education and 

strategic policies on 

internationalisation 

 

Common learning 

experiences are 

reviewed against 

selected education and 

strategic policies on 

internationalisation 

 
The results indicate that the outcomes of the 
experiences of students attached to the award status of 
the scholarship were achieved. It was observed that 
period of time spent in the program can affect the 
outcomes (time periods of more than three months and 
up to a year is considered to be favourable). Students 
who go on the scholarship program have the option of 

enrolling in the elective unit, to earn a credit point 
towards their degree. Both programs have enabled the 
School to build and extend existing and new professional 
networks. This is achieved through the construction of a 
Host Practice Registry which includes all architecture 
practices who provide their support to the program, brief 
description of their organization profile and their contact 
details and contact person.  The registry is a tangible 

outcome of the programs in terms of links with 
architecture practices and practitioners. It provides 
practitioners with the opportunity to be pro-active in their 
contribution to the professional education of future 

members of the architecture community. In the case of 
the Scholarship program, on-going support received from 
the School’s international alumni indicates that 
international and Australian relationships at the 
professional level have been successfully fostered and 
reinforced through the program. Since their 
implementation, a process of ongoing refinement and 
improvement in the areas of communication with external 

parties and unit management has been applied. Both 
programs offer students opportunities to build a 
relationship with a prospective employer. Both programs 
continue to receive positive support from its stakeholders 
in the educational and professional sectors.  
 
Table 2: Review of common learning experiences from 

Scholarship Program and the degree to which they meet 

nominated policies. 
 Common lear ni ng  expe r iences 

ident i f ied f rom  scho la rship  progr am  
Pol i cy  A Pol i cy  B  Pol i cy  C 

a. Insight into global workforce. high complete complete 

b. Exposure to non-Australian to building 

practice. 
high complete complete 

c. Enrich awareness of self and respect for 

different ways of thinking 
high complete complete 

d. Appreciation of Australian architectural and 

building context in comparison to own 
high complete complete 

e. Awareness of cultural perspectives complete complete complete 

f. Build knowledge of aspects of professional 

practice, and identify major issues of 

successful architectural practice (in Malaysia) 

complete complete complete 

g. Experience different social and cultural 

standards of living 
complete complete complete 

h. Establish personal and professional network 

through relationships made with practice and 

through social circumstances. 

complete high complete 

i. Exposure to non-Australian architecture partial high complete 

 
Table 3: Review of common learning experiences from 

Elective Unit and the degree to which they meet 
nominated policies. 

 Key learning experience from 

elective unit 
Policy A Policy B Policy C 

j. Strengthen connection between 

education and practice and motivation to 

be successful. 
minimal minimal minimal 

k. Gained knowledge of professional 

practice in wide range of issues from 

experienced practitioner. 

minimal partial partial 

l. Exposure to challenges of professional 

practice in different cultural and social 

settings. 
complete complete complete 

m. Awareness of cultural perspectives in 

relation to professional practice 
complete complete complete 

n. Exposure to different and diverse 

learning methods and cultural 

environment 

complete complete complete 

o. Appreciation of Australian architectural 

and building context in comparison to 

own 
high complete high 

p. Experience different architecture and 

architecture values 
complete complete complete 

q. Establish personal and professional 

network through relationships made with 

practice and through social 

circumstances. 

high high high 

r. Exposure to non Australian building 

practices 
complete complete complete 
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6. DISCUSSION 
 
Both the Scholarship program and the Elective program 
aim to increase learning outcomes through enhanced 
educational experiences. They promote professional 

practice experiences through a framework of inclusivity 
(i.e. internationalised curriculum relevant to all students) 
and recognition of cultural diversity. The strategies rely 
on utilising an approach of alignment of practical 
experience with academic learning through links with 
architecture practices and practitioners. Although the 
approach has not been the focus of the evaluation, it 
contributes a relevant and important aspect and is a 
central piece of the puzzle that forms the intent of this 

paper. The relationships built with architecture practices 
have enabled the construction of the School Host 
Practice Registry. It is possible that practitioners also 
view this formal link as a means to ‘reconnect’ to the 
academy and to be informed by current educational 
philosophies and strategies that will have an impact on 
the profession. The issues of how architecture education 
must be responsive to changing circumstances and of 

how future graduates can be prepared to apply 
knowledge and skills that are at present unforseen (to 
meet challenges of the future) prompts architecture 
schools to surpass the act of meeting curricula and to 
look beyond achieving competencies and criteria as a 
requisite of validation and accreditation processes. The 
pace and nature in which globalisation is impacting on 
architecture practice suggest that strategic alliances 

which bring about cooperation and collaboration to 
extend the capacity of individual schools and enrich the 
learning environment of students will best address issues 
of preparing graduates for success in a globalised 
profession. (Knox and Taylor 2004). The two programs 
discussed are outside of curriculum mainstream and are 
ideally geared towards this consideration. The 
preliminary evaluation shows that the programs were 

successful in that they respond directly to 
internationalisation policies and strategies of relevant 
education and professional bodies - Deakin University, 
RAIA and UIA. This provides affirmation of educational 
outcomes gained from the international experiences. The 
range of common learning experiences identified 
represents personal as well as professional development 
attributes. Learning experiences outside of nationally 
situated contexts place emphasis on the cultivation of 

graduate attributes in terms of awareness, sensitivity, 
appreciation, and respect for the full context in which 
architecture and the practice of architecture occur. It 
allows situational comparisons to be made between 
familiar and unfamiliar, known and unknown. The 
specific international contexts in which the cultivation of 
these attributes occur, give the students international 
perspectives. Having an international perspective can be 

defined as having the ability to ‘see’ another cultural 
context (international) from the context of one’s own 
(national), and from an intellectual, emotional and 
spiritual position of awareness, sensitivity, appreciation 
and respect. It is also the ability to behave and perform 
with a level of confidence in a secondary comfort zone. 
With respect to the development of prospects, common 
learning experience ‘h’ (comparable to ‘r’) indicates that 

participants have the opportunity to pursue this further. 
To what extent they go on and do so will depend on the 
individual, as well as upon career choices. Social and 
professional networks that are in place provide a 
resource that can be tapped into to generate potential 
and economic advantage, and to enhance the prospect 
of architecture success within a global context. The 

development of prospects for architecture students can 
be regarded as a positive flow-on outcome of the 
principal objective when we consider how valuable it 
would to be able to operate in much larger market in our 

part of the world, China for instance, when coming from 
a small and volatile market such as Australia.  
Factors to consider which may influence the outcome of 
this preliminary evaluation are firstly, the small numbers 
of participants in the programs, and therefore the 
potential range of key learning experiences. Secondly, 
the programs promote highly individualised learning, and 
may require different methods of evaluation to 

investigate this form of learning. The evaluation process 
relies on self-assessment and self-reflection of each 
student to identify learning experiences and formal 
processes of evaluation in accordance with university 
and scholarship policies, and there has been no 
feedback process conducted involving participating host 
practices/practitioners which leaves exploration of how 
the students enrich the offices and the projects out of the 

scope of this discussion. A long-range evaluation such 
as the tracking of participants beyond the completion of 
the programs and upon entry into practice as a graduate 
may be useful if it relates the range of key learning 
experiences to graduate attributes and finally to 
professional outcomes. It was explained at the outset 
that the two programs have distinctive yet comparable 
aims. This was reflected in separate tables (Table 2 and 

3) used to present common learning experiences 
identified from each program. It is evident from the list of 
key learning experiences identified that the majority are 
infact comparable. In the context of the profession, a 
level of diffidence from Australian practitioners in the 
area of international practice, attributed to a wide range 
of issues ranging from potential loss of territory, 
incompatible legislative policies, unresolved concerns 
connected with international trade agreements, to simply, 

a fear of the unknown, can be expected. The Austral-
Asian global arena has been identified as one of four 
distinctive global arenas of practice. (Knox and Taylor 
2004). Notable Australian practices, through individual 
and team efforts such as Kerry Hill, Koenig and 
Eisenberg, Woods Bagot, Daryl Jackson, Peddle Thorp, 
Denton Corker Marshall, Hassells and others have 
created multinational links with Asia, China, California, 

Saudi Arabia, Europe and other parts of the globe. Their 
confidence and economic endeavour must serve as an 
inspiration. The doorway to an enriched international 
future has already been carved and stands open for 
future contributors. Further investigation of their 
international journeys, and of the learning experiences of 
students in multi national organisations where the 
practice is considered a ‘global’ practice, in terms of its 

form and mode of practice,  can provide  further insight 
into how international perspectives and prospects 
contribute to success and longevity in a global arena.  
 

CONCLUSION 
 
At Deakin University, a strategy for promoting 
professional experiences for architecture students is 
combined with a simultaneous experience of cultural 
exchange to provide opportunities for involvement and 

engagement with the people, the practices and the 
environment in specific international contexts. A specific 
international context is created when there are Australian 
students working in practices overseas, Australian 
students working in a local multinational organization 
with international projects, and when there are 
international students working in Australian practices. 
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The outcomes of this paper indicate that key learning 
experiences gained from the international experiences in 
architecture practices enable architecture students to 
develop international perspectives and provide them with 

greater prospects in the future of personal and 
professional success within a global context. Key 
learning experiences which represent personal as well 
as professional development attributes place emphasis 
on the cultivation of graduate attributes in terms of 
awareness, sensitivity, appreciation, and respect for the 
full context in which architecture and the practice of 
architecture occur.  Friendships, contacts and bonds 

forged and carved during a period of student practical 
experience extend to both personal and professional 
realms, and can be expected to provide a strong basis 
for the prospect of mutually beneficial international 
relations, and a way to pursue strategic alliances for 
economic gain. Architecture students with international 
perspectives and prospects are graduates with desirable 
attributes and can be expected to contribute to the future 

of the profession and the wider community in many 
ways. 
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ABSTRACT: The two hundred years of apprentice/master tradition that underpins the atelier studio 
system is still at the core of much present day architectural design education.  Yet this tradition poses 
today uncertainties for a large number of co-ordinating lecturers faced with changes in the funding of 
tertiary education.  In particular, with reductions to one-to-one staff/student contact time, sessional 
funding sources and to the relative weighting of design subjects with respect to other areas, many 
educators are finding it increasingly difficult to maintain an atelier system that has shaped both their 

learning and more pointedly their teaching.  If these deficiencies remain unchecked and design-based 
schools are unable to implement strategies that successfully overcome the resource intensive one-to-
one teaching program, then architecture may prove to be an untenable course structure for many 
institutions. 
Rather then spreading their time thinly, many co-ordinating lecturers are setting group projects in order 
to review less assignments but at greater depth.  However, while this learning model better reflects 
design teams in practice, the approach poses other questions.  What is clear is the urgent need for a 
readily adoptable pedagogy for the teaching and assessment of group design projects.  At Deakin 

University, research is underway aimed at establishing best-practice principles for group design 
projects by analysing students’ performance and recording and implementing their feedback to 
adjustments made to modes of assessment, group configuration and program structure.  There are 
after two years of preliminary studies already clear indications of what changes can be made to these 
pedagogical structures to encourage more effective team learning.  This paper will present the findings 
of these studies. 
 
Conference theme: Architectural education 
Keywords: collaborative learning, group assessment 

 
 

INTRODUCTION 
 
Architects must have collaborative skills needed to 
negotiate infinite options within a building design process 
that can include over fifty kinds of participants and 
consultants (Cuff, 1991).  The practice of architecture is 
indeed founded on establishing and maintaining good 
collaborative working relationships.  Thus, from the 

outset of practice architects and their fellow professionals 
must be willing and equally comfortable in the roles of 
team leaders or team members.  This willingness must 
be fostered by demonstrating to design students that in 
addition to their functional role in a diverse team (with 
clients and fellow professionals) they will also have 
individual preferences as team members.  For example, 
some professionals prefer to keep their team to task on a 

tried and tested path, whilst others in the spirit of 
innovation like to introduce new ideas and directions.  Or 
as Greg Burgess rather more poignantly describes his 
collaborative role as an architect, “I have to be there 
strongly, to kind of lead the dance, or to encourage other 
people to join the dance, and listen to people and find 
the right step, the right rhythm” (Burgess, 2004:09).  It is 
therefore essential to make design students aware of, 

and be able to use appropriately, a range of team-work 
methods.  It would appear, however, from published 
curricula that architecture schools rarely teach team-
working skills. 
Hence, the basis of ongoing research at Deakin 
University has been informed by the need to address a 
fundamental shortcoming in architectural education.  

Namely, in the teaching of design, apart from the Clients 
and Users in Design Education (CUDE) project at 
Sheffield University (a programme funded since 1996 by 
The Higher Education Funding Council for England), 
there has been very little structured analysis of 
alternatives to traditional studio teaching so reliant on the 

iteration of designs through one-to-one review of 
individual student work.  Based on a review of literature, 
and in the experience of the author over almost twenty 
years across three universities, research into group 
collaborative teaching and learning is very rare in 
schools of architecture.  In presenting the findings of the 
first stages of research into this at Deakin, this paper 
aims to present the beginnings of a pedagogical 

framework for the teaching of collaborative group design 
projects. 
 

1. BACKGROUND 
 
While a significant body of research exists relating to the 
teaching of problem-based group work, e.g. Sanz-
Menendez, Bordons and Zulueta (2000), Baskin (2001) 
and Grigg, Johnston and Milsom (2003), the focus of this 
research has rarely been the design studio. While 

Gleeson (1996) is a notable exception to this, only the 
CUDE project at the Sheffield University School of 
Architecture, discussed by Fisher (2000), has focused on 
the issue of team-working skills in the teaching of 
architecture, although the findings of this research are 
untested elsewhere as a measure of student 
performance in collaborative team-working versus 
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performance in individually assessed projects. 
Investigations at Deakin are attempting to redress this 
shortcoming by analysing student performance and 
feedback in design units that cover projects of the full 

range required for an extensive comparison - namely, 
individual projects (from 1

st
 to 5

th
 year), and group 

projects for teams of 2 to 12 students.  A prime aim of 
this research is to address the problematic and largely 
overlooked question of assessment. In the experience of 
the author and many colleagues and peers interviewed, 
the issue of ‘fair’ assessment is of great concern to 
academics and students alike involved in team design 

projects – the success of which more often than not 
hinges on whether assessment is perceived by students 
as reflecting comparative qualitative performance.  The 
four-year duration of research at Deakin will allow unit 
co-ordinators to respond to student feedback and 
changes in performance that may have been brought 
about by alterations in the programme and assessment 
of an annually taught team design project that teaches 

team-working skills advanced by the CUDE project. The 
purpose of this paper, therefore, is to describe the first 
two stages of a four-stage testing and refinement of a 
pedagogical framework focused on successful processes 
of collaboration.  
 

2. METHODOLOGY 

 
The analysis of students’ performance and opinions 
(through qualitative and quantitative methods of data 

collection), and of the dynamics of group studio tutorials, 
has taken place in the first semesters of 2003 and 2004.  
Groups of three to six have been observed - of both 
predetermined group structure and that left up to the 
student cohort to assign.  During the second half of these 
semesters and of the second semester of 2003, control 
samples in the form of subsequent design units that are 
largely comprised of individual projects have been 

observed and their results used for comparison.  The 
course co-ordinator of first semester third-year design 
has moderated all student marks for the duration of the 
research to date to ensure that observed differences in 
student performance have not been the result of a 
variation in marking standard.  Moreover, a study of the 
performance of the students involved in this research in 
other design units and other subject areas has been 
made in order to ensure that the assessment strategies 

adopted and discussed in this paper are a fair indication 
of capability in general. 
 

3. THE 2003 DESIGN BRIEF 
 
The writing of this paper was prompted by a situation that 
is likely all too familiar to those teaching design.  At the 
beginning of the first semester of 2003, the incoming co-
ordinating lecturer of the first semester third-year design 

studio at Deakin University was presented with a 
straightforward calculation – namely, what is six hours 
multiplied by three tutors divided by ninety-five students?  
The answer is eleven minutes and twenty-two seconds 
per student per week.  Of course, this implies a perfectly 
efficient turnaround and so this was rounded down to 
eight minutes.  That is, each of the third-year architects 
could expect a maximum of eight minutes per week one-
to-one teaching time in the design studio.  In common 

with the majority of architecture schools in the United 
Kingdom, at the University of Bath (where the co-
ordinator had spent twelve years studying and teaching), 
studio projects had been structured around a traditional 
atelier studio system that taught largely through one-to-

one tutorials.  There, students working almost exclusively 
on individual projects met with tutors for at least one hour 
per week to discuss and operate upon their design 
solutions, both critically and physically and thus develop 

them through an iterative process of reading, questioning, 
testing, and reformulating.  This is a tried and tested 
pedagogy underpinned by two hundred years of the 
apprentice/master tradition.  In comparison, budgeting at 
Deakin implied that if students were set individual design 
projects they could not rely on one-to-one contact time 
with tutors to advance their design solutions.  There 
seemed to be one easy solution to this problem and that 

was to review less assignments, but at greater depth, by 
setting group design projects. 
Two major design projects were set for the 2003 first 
semester studio.  In order to use scarce teaching 
resources most efficiently, the first was a team design 
project taught by two tutors largely through seminar-type 
group tutorials, and the second was an individual project 
taught by four tutors seeing individual students for 

twenty-minute tutorials.  It was explained to the students 
that the reason for the group project was to develop the 
collaborative design skills necessary for professional 
practice in architecture.  However, as the CUDE project 
in Sheffield has suggested, merely putting students into 
design groups, creating a collaborative team-working 
experience and hoping students will learn something 
from it is not an effective way to develop collaborative 

skills.  Any failure to promote collaboration at Deakin 
would, however, not be one fostered by an inappropriate 
design brief.  As conclusions shall be drawn from the 
eventual refinement of this brief, it is appropriate at this 
point to examine it in some detail. 
The 2003 third-year cohort of ninety-five students were 
asked to divide themselves into groups of three for their 
first major design project – “Atelier Geelong”.   The 
students were invited by the brief to enter a hypothetical 

competition to design in six weeks an atelier for a 
cooperative of graduates.  The atelier would provide 
living and working accommodations for six Geelong 
graduates mastered by a tutor.  There was also to be 
space for up to four undergraduates to work during 
vacation time alongside the six resident graduates.  
Within the scope of the hypothetical competition, the 
winning group would be notionally offered the chance to 

design and build the project, as well as a long-term 
tenancy of the building. Each design group was asked to 
work alongside a partner group.  This partner group was 
to adopt the role of their client group, for they would be 
the three graduate architects who would share the Atelier 
on a short-term basis with the three ‘winning’ designers.  
Each design group and client group was asked to meet 
up at the beginning of every studio day for 30 minutes to 

discuss the progress of the design. The client group was 
asked to provide constructive criticism to progress the 
design. The minutes of this meeting were to be recorded 
each week.  Because of the split tenancy arrangement of 
the atelier, the project could readily be subdivided into 
three distinct elements.  These might be: 
a) Permanent studio and living accommodation for the 
design group of three graduate architects. 

b) Medium-term studio and living accommodation for the 
client group of three graduate architects. 
c) All of the remaining ancillary space.  This was to 
consist of administrative resources, print room, meeting 
rooms, reception, toilets, library and outdoor and indoor 
social spaces.  There might also be very short-term living 
accommodation for up to four nouveaux. 
The brief concluded 

Of course, the design of your atelier might counter this 
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subdivision or even further it.  This is unimportant, what is 
important is that at around three to four weeks into the 

project the design team must break their submission and 
presentation, and hence the focus of each individual member, 
into three separately appraisable elements. 

This concluding sentence lies at the crux of the problems 
of many a taught team design project, for what is 
ultimately desired is one design solution, i.e. one that 
reads as consistent and uniform, but one solution that 
allows for the separate appraisal of those who devised it.  
And of course this – the best of both worlds – is a difficult 

aim to achieve and one that is fundamentally conflicting.  
The difficult question of appraisal is one that shall be 
revisited throughout this paper.  As can be concluded 
from the Atelier brief, the students of third-year design 
semester one 2003 had certainly been asked to take part 
in “collaborative team-working experience.”  Yet, as it 
turned out, many found the experience to be one of 
ineffective rather than effective team working. 
Tutors can allow groups to be self-selecting or can 

allocate students to specific groups.  Allocated groups 
can then either be randomly allocated or engineered to 
create teams that contain a range of experiences and 
abilities.  Each method, it will be seen, has its own merits.  
Although some students may prefer to be allocated to a 
group and may view this as fairer, particularly if the 
groups are randomly selected, experience at Deakin has 
shown that self-selecting groups are usually more 

popular for they allow friends to work together.  This 
grouping of friends may also help minimise conflict and 
reduce the need for tutor intervention in disputes.  For 
these reasons, the students were allowed to choose their 
own team-mates for the 2003 Atelier Geelong project. 
 

4. INITIAL FINDINGS 
 
4.1. Group dynamics - democratic, oligarchic and 
timarchic collaboration 

In order to understand the nature of the pros and cons 
experienced by the design teams, it will be necessary to 
understand how they collaborated.  In order to achieve 
this understanding we shall examine the teams in the 
three categories of organisation that came to reflect how 
they worked together. 
The collaborative working structure of approximately 
40% of the teams (fourteen out of thirty-two) will be 

described with the term ‘democratic collaboration’.  This 
resulted when there was no clear leader, and/or in most 
cases of this type when students were merely too polite 
or of such similar ability that they felt they had no right to 
criticise at any great depth.  In such cases, all ideas were 
treated as equal, which meant that those that were 
pursued were in effect elected democratically.  This often 
meant that the ideas that were developed were those 

that had prompted the fewest objections, which 
frequently resulted in a product that in advertising 
parlance is commonly (unkindly) known as “lowest 
common denominator.”  This clearly was not a mode of 
collaborative working that encouraged risk for as 
Schrage implies, innovation is more often than not the 
product of a diverse range of skills and abilities (Schrage, 
1995).  The problem of hierarchy within a collaborative 
group, or rather the lack of it here, is one that this paper 

will return to, for as shall be seen, it is a significant one. 
From the analysis of students’ past results, it can be 
seen that more often than not groups of the democratic 
type were comprised of students of similar abilities.  
Indeed, the reason why this type of group accounted for 
the majority seemed to be that students, when allowed to 
choose whom they worked with, chose like-minded peers 

with similar levels of skill.  High ability and/or highly 
motivated students, often considered by their peers as 
egocentric, were largely avoided by these students.  In 
the case of the self-selected 2003 cohort, the democratic 

collaborators could therefore be split into three sub-
groups - the high, the low and the average achievers.  As 
might be expected, the average achievers were, in 
numbering seven teams, the most widespread type of 
group.  In 2003, there were two groups of high achievers, 
including one group comprised entirely of students who 
had in the previous semester achieved at least a 
distinction (70%) or higher.  The high quality and large 

quantity of work produced by these two teams was in 
stark contrast to the work produced by the five teams 
comprised largely of students who had merely achieved 
pass grades (50 – 59%) the previous semester.  Indeed, 
four of these low achieving groups failed the project and 
the contrast between their work and that of the higher 
achievers became the source of discontent.  The low 
achieving groups were made acutely aware of how far 

they were behind the high achievers at an interim review, 
an awareness that led to the self-perpetuation of their 
lesser motivation.  Some in the low achieving groups felt, 
what they saw as, the unfairness of the skills imbalance 
as an insurmountable disadvantage.  Indeed, a number 
of students in these groups whose fragile self-confidence 
was further undermined never quite recovered.  Their 
poor performance continued throughout the semester, 

but of course whether or not a more positive experience 
of group design may have improved their subsequent 
learning and the quality of their work is difficult to assess.  
However, those teaching the unit were certainly 
determined to avoid in future putting poorer students in 
what the students themselves clearly identified as a 
situation that amplified their weaknesses rather than 
addressing them. 
High self-esteem commonly had a positive effect in 

groups whose output was driven by one or two high 
achievers.  The temptation shall be resisted to label the 
output of this type of group, in contrast to the 
democratically chosen designs, as ‘fascist’ architecture – 
for students are rarely as autocratic as that.  It would 
perhaps be more appropriate to describe this type of 
group – which numbered six and was thus the least 
common of the three primary collaborative modes in the 

ninety-five strong cohort - with the more positive term 
‘oligarchic collaborators.’  Indeed, it was found that not 
only did such groups more often than not produce the 
most accomplished and, moreover, innovative designs, 
but also that this was usually a positive learning 
experience for everyone.  For often, the low achievers in 
these groups were taken along on an enlightening and 
inspiring journey.  Here, hierarchy within the group was 

certainly of positive benefit.   
If 40% of the teams could be described as democratic 
and 20% as oligarchic then, in turn, to describe the 
organization of approximately another 30% of the teams 
we might use another term with Platonic origins, namely 
‘timarchic collaboration.’  For, in common with Plato’s 
description in the Republic (Lee, 1955) of a society 
divided by internal strife and characterised by conflict 

and selfish ambition, this last type of group was born out 
of dissent and disagreement.  As many students worked 
part-time, groups found it difficult, outside of allocated 
studio hours, to gather in one place at the same time.  
Even when regular meetings were agreed upon, 
absenteeism was a familiar complaint.  What this 
commonly led to was individuals being asked to work on 
‘their part’ of a project until the next studio session.  
Often the result was piecemeal design with little cohesion 
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– a kit of parts with little to unite it.  Indeed, once this 
model of team working was established, most 
subsequent failures of teams to bond, due to either 
clashing egos or other failures to communicate – to listen 

to team-mates, to resolve conflicts, to generate ideas 
and develop them – led to this common solution; namely, 
the piecemeal design of parts defined merely by an 
allocated footprint.  The problem of piecemeal design 
was exacerbated by the demand in the brief that each 
student must eventually focus on a ‘separately 
appraisable element.’  It was subsequently decided that 
for 2004 in order to counter this problem the requirement 

for separately appraisable work would only be introduced 
towards the end of the project - when presentation 
became the prime focus, for presentation by its very 
nature demands the sharing out of drawings and models.  
To encourage team-working further, it was also decided 
in 2004 that a division of final submission marks between 
group and individual contributions would be weighted 
sixty/forty in favour of group work. 

 
4.2. Role-play 
Despite the fact that client groups were given clear 
instructions to criticise constructively in order to advance 
a design solution in collaboration with their design groups, 
this is not what happened in practice.  Client groups 
either gave little or lackadaisical feedback or, conversely, 
made specific and/or inflexible demands at odds with the 

design group’s intentions.  Design groups often felt that 
such demands were unfair and in some cases (with 
some justification) deliberately obstructive in order to 
achieve a competitive advantage.  Although competition 
in the design studio is often productive, here it was 
certainly counter-productive and indeed counter to the 
intentions of the programme.  As students had yet to 
experience how they might learn in collaboration as 
much from each other as from their tutors, a notion that 

the teaching staff tried to nurture, they felt they had little 
to gain from these meetings.  This was a perception 
heightened by the fact that the meetings were not part of 
the tuition or assessment programme.  Thus, for 2004, it 
was decided to make the minutes of and reflection upon 
the design/client group meetings part of an assessed 
weekly design report. 
 

4.3. Assessment 
After only a few weeks into the project, it became clear 
that the more conscientious students were aggrieved by 
what they saw as an inequality in workloads.  As one 
student complained, “it is easy to free-ride in a group, 
and, unfairly, it is us the hard workers that have to carry 
the lazy ones.”  It became clear from this point in time 
that a mechanism would have to be built into the 

appraisal of the projects that appeased these grievances 
- that rewarded those putting in the effort whilst 
penalising those that were not.  It was therefore made 
clear to the students that after the final review they would 
be asked to self-assess each other’s contribution to the 
team.  The self-assessment method was adapted from 
one that had been successfully used in another course 
within the school.  The method relied on every student 

marking each other for both ‘individual contribution’ and 
‘team contribution’.  A student’s total score was then 
divided by the average total score to give a multiplier by 
which their grade would be adjusted.  Thus, if all the 
students in a group awarded each other 100%, each 
would have a multiplier of one and all grades would be 
equal.  This system achieved the prime objective of 
appeasing those who felt aggrieved, but suffered from 
two problems.  Firstly, it relied on every student in the 

group filling out the assessment sheet and handing it in.  
Often those that had most to lose from the system, i.e. 
the less motivated students, had little motivation to 
complete the forms.  This greatly delayed the marking 

process.  The next time the project was run in 2004, the 
self-assessment system was introduced at an early stage 
and made compulsory with strictly enforced late 
submission penalties.  The second problem was that the 
adjustment in grades from only one self-assessment 
process could overcompensate.  If a number of students 
were feeling particularly vindictive, their exaggerated 
misallocation of marks could unfairly penalise team-

mates.  In one case, two students were allocated 1.3 
times the assessed project grade whilst their team-mate, 
whom they had clashed with but was certainly not a fail 
student, received 40% of their assessed grade.  Without 
the intervention of the unit co-ordinator, this would have 
resulted in two higher distinctions in comparison to a low 
fail, when perhaps a fair assessment would have seen 
only a few percentage points separating the three.  An 

obvious solution to this problem, which was pursued in 
2004, was continuous self-assessment – on a weekly 
basis as it turned out – to distribute evenly anomalous or 
unfair scoring across the semester.  
 
4.4. Student Results 
Two statistics stand out from the results of the 2003 
cohort.  The first can be seen (in Figure 1) from the 

distribution of results for the group project, namely that 
40% of students achieved marks that were outside of 
one standard deviation from the mean mark of 55.3%.  
This compares to the figure of 32% that is predicted by 
normal distribution.  It should be noted here that marks 
are not adjusted at Deakin to distribute them according to 
the normal distribution bell curve.  This high number of 
fails and of distinction or higher students was due to the 
large numbers of students collaborating as high and low 

achiever democratic groups and as high achiever 
oligarchic groups.  This was a large proportion of the 
cohort that, as has been noted, highlighted especially to 
the low achieving students a perceived chasm in the 
comparative quality of the poor and exceptional designs.  
In 2004, it was decided to prevent this problem by 
engineering teams to contain a range of different 
experiences and abilities.  Moreover, it was also decided 

to take advantage of this engineering by equally 
distributing overseas students and thus countering the 
isolation that many of them felt when left to work with 
each other (which is what usually happened when 
groups were self-selected).  A second notable statistic 
was even more prominent and gave the teaching staff 
perhaps their greatest encouragement to continue with 
group teaching.  Namely, that the average mark 

achieved by students for the group project was 3.5 
percentage points higher than that which they achieved 
for the subsequent individual design project.  The 
contrast in performance was not only seen in student 
marks, for the studios were perceptively less industrious 
and less populated during the second half of semester 
when individual design projects were taught.  A third 
statistic that came from the anonymous course 

evaluation forms that students are asked to fill out at the 
end of each semester also offered encouragement.  
Although only 30% of the cohort responded to this 
survey, the mean five point Likert scale score for the 
question, ‘this unit developed my ability to work as a 
team member’, was a promisingly high 3.5 compared to 
the university average for this question of 3.2.  Indeed, 
over 50% of the students who responded to this question 
rated it as 4 or above, indicating that for those at least 
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motivated enough to respond to the survey the 
experience of team-working had indeed been a positive 
one. 
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Figure 1: Graph comparing performance of the 2003 and 
2004 cohorts for group and for individual design projects. 
 

5. THE 2004 DESIGN BRIEF 
 

In addition to the need to reinforce client group and 
design group roles and to the changes noted above to 
the structure of groups and to assessment, in the 2004 
version of Atelier Geelong there were further responses 
to the experiences of 2003.  The first of these was to 
increase the size of the groups from three to six, for this 
is the number that the majority of educators find is the 
most effective for collaborative learning.  A second 

further change was prompted by a number of general 
comments students made in anonymous feedback 
sheets.  Much of this comment focused without 
prompting on the pros and cons of team-working and 
suggested than many of the problems that students 
experienced arose from their lack of team-work skills.  It 
was therefore decided to attempt to teach some of these 
skills at the outset of the 2004 semester.  This was done 

by adapting to the programme a ‘team building’ esquisse 
and two workshops developed by the CUDE project at 
Sheffield University.  The aims of the workshops, as 
summarised from the description of the CUDE project 
(Fisher, 2000), were as follows: 
i) To develop respect for different contributions and 
points of view. 
ii) To recognise the different team role preferences within 
a group and explore how these might be used to benefit 

the group. 
iii) To plan how the group will work together by devising 
team contracts, including guidelines for behaviour and 
agreeing methods for working to these for the duration of 
the project. 
iv) To devise methods of generating ideas as a team, of 
rejecting and selecting ideas for further development and 
of resolving possible conflicts. 

v) To build in to a group’s collaboration a process of 
reflecting on the effectiveness of their team-working 
through discussion, team journals and project records. 
At Deakin, the challenges highlighted by the initial 
research into collaborative teaching and learning were 
responded to in one further way.  An educational social 
worker from Deakin Student Life Learning Support 
Services was invited to work with design tutors across 

the school to analyse - through qualitative and 
quantitative methods of data collection - student and staff 
experience of group work and thus explore the need for 

additional resources to assist and promote such group 
work.  The findings of this analysis will be discussed in 
the concluding passages of this paper.  
 

6. FURTHER FINDINGS 
 
In common with the student responses given to the 
CUDE team, students at Deakin voiced in their end of 
semester feedback for 2004 an almost unanimous 
appreciation of the manner in which the team-working 
workshops highlighted  (if not actually ‘taught’) the  
significance of the skills necessary for effective 
collaboration.  At Deakin, the learning of these skills 
came from the subsequent and frequent focus on them 

throughout the semester.  The steadiness of this focus 
was achieved by asking the students to reflect on the 
effectiveness of their collaborative skills in weekly-
assessed reports.  The initial purpose of these reports 
had been threefold, namely – firstly to record and assess 
the outcomes of client/design group meetings, secondly, 
to allow for tutor assessment and student self-
assessment throughout the semester in order to highlight 

problems and conflict, and thirdly, to spread assessment 
and thus workload throughout the project.  The reports 
were effective in achieving the first two of these aims – 
design/client group meetings became a well-attended 
and productive forum, and the self-assessment 
anomalies that had unfairly over-compensated some 
student marks in 2003 were largely avoided.  The 
addition of these reports to the programme did not 

however spread the workload; it merely, in the perception 
of students, increased it.  The intention of the reports had 
been to encourage a staged progression of design that 
might alleviate the characteristic working pattern that 
often sees the majority of studio work produced during 
the later stages of a project.  Yet students saw the 
activity of design as separate to their learning of 
collaborative skills and thus the frequent focus on the 

processes of collaboration as a hindrance to design.  The 
CUDE project had stated two important constraints in 
their approach (Fisher, 2000, p. 140), namely that 
“nothing was to be lost from the course to make way for 
the development of these [team] skills” and that “any 
interventions must support the students’ design work and 
contribute to the design projects.”  It would seem that the 
weekly design reports failed in this.  Significantly, it might 
be suggested that this failure merely emphasises the 

need to work within the constraints suggested by the 
CUDE team.  A solution to this failure might simply be to 
remove reflection on the collaborative process to after 
the final review and before final assessment.  The focus 
on reflection would therefore merely be implicit in the 
requirement for weekly self-assessment by students. 
 
6.1. Group dynamics in 2004 

The allocation of students to larger teams, containing a 
range of different experiences and abilities, at once 
evened out the significant disparity in quality of work that 
in 2003 had so undermined the self-confidence of low 
achieving students.  In 2004, none of the teams lagged 
significantly behind.  Indeed, in 2004 not one team failed 
the group project Atelier Geelong.  Thus, the engineering 
of teams was successful in its prime objective of 

improving the performance of the weaker students.  It 
was also on the face of it successful in integrating the 
overseas students into the cohort.  For, whereas the unit 
evaluation question “my experience in this unit 
encouraged me to value perspectives of people from 
different cultures,” had rated only a 2.9 in 2003, in 2004 
when 46% of the 87-student cohort responded to the 
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survey it rated a very positive 3.8 with a standard 
deviation 1.18 (compared to the faculty mean of 3.4).  
Yet these significant victories were achieved at a great 
cost, for the distribution of the three modes of group 

collaboration saw a large increase in the proportion of 
timarchic teams.  Grouping strangers rather than friends 
together led to much more internal strife and conflict was 
a common occurrence.  Indeed, one significant incident, 
unprecedented in the experience of all who teach within 
the school, saw a significant altercation between two 
students.  This eventually saw one of the students 
suspended from the school for two weeks and the need 

for a security guard at an interim review.  Although it is 
likely that the incident was a one-off borne out of an 
extreme clash of personalities, it was well publicised 
amongst the students and hence the repercussions of it 
are still being felt.  The experience nurtured a perception 
that the engineering of groups benefited not the students 
but rather the tutors, who it was felt merely wished to 
avoid dealing with ‘remedial’ groups.  In its prominence 

and notoriety, the incident also overshadowed the feeling 
of a significant number of students that the diversity and 
sometimes the inherent hierarchy of a mixed ability group 
enhanced collaboration.  As one student put it in a 
trenchant summing up the advantages and 
disadvantages of allocated groups (Anderson, 2004, p. 
23-4): 

Has working in an allocated group been a positive or 

negative experience?  Both because I may not have enjoyed 
any of the experience, finding it stressful and upsetting due 
to group dynamics and personality clashes but it was a 

positive learning experience about how to work with people 
that you don’t know or get along with or don’t respect you.  I 
also learnt a lot about my own flaws and ideas that I can 

bend and adapt to work better with people in the future. 

The mixed feelings for the 2004 version of Atelier can be 
summed up in the Learning Services survey in which 
77% of the cohort stated that the group project had 
offered positive experiences of group working, while 54% 

of the cohort identified ‘choosing your own group’ as the 
change that would make the experience more positive.  
Significantly, 52% of the cohort also identified reducing 
group sizes as the next most popular change, for the 
problems of collaborative designing, at least in the school 
studio, were seemingly exacerbated in larger groups.  A 
significant reason for this is one that shall be discussed 
when looking at role-play, namely a lack of hierarchy – a 
problem that was amplified in larger groups.  In response 

to student feedback, the 2005 Atelier project will ask the 
cohort to self-select themselves into groups of four.  
However, diversity in these groups shall be encouraged 
by adding controls to this self-selection process.  For, 
students will be asked to form groups within diverse 
pools that may not necessarily contain their friends, but 
will instead be assembled according to diverse 
personality natures identified by type indicators such as 

the Myers-Briggs test.  This type of test has already been 
found within the faculty to be a ‘fun’ way of assessing 
and identifying the different team-role preferences that 
can benefit collaborative working.  It remains to be seen 
whether the best of both worlds of self-selection and 
group diversity is indeed achievable. 
 
6.2. Role-play in 2004 

The responses of two students sum up a problem voiced 
regularly relating to the lack of hierarchy within the 
groups (Anderson, 2004, p.25, p.28). 

If it’s not on the students’ part to choose their team members 
there’s a whole lot of problems.  In working atmosphere, 

people have different posts so it doesn’t cause problems. 
I (personally) find that I work a lot better on my own.  My own 

skills improve when it’s my own project.  Working in groups 
in a work environment is a lot better.  It has structure and a 

definite leader (You also have designated working time 
together i.e. 9 – 5pm). 

The question of hierarchy within the groups was found to 

be important for two reasons.  The first relates to a 
perception touched upon by both of these students and 
echoed by many of their peers.  For although 68% of 
students saw the purpose of the project as preparation 
for employment, many saw it as an unrealistic construct 
of professional practice for practitioners, unlike 
themselves, have clearly differentiated and ordered roles.  
This perception not only undermined the credibility of the 

group project as a mode of teaching the collaborative 
skills needed to negotiate the building design process, it 
also undermined the collaboration of the groups 
themselves.  For, without clear leadership within a team 
it is often impossible to make decisions, or rather the 
decisions that are made are merely those that offend the 
least.  Most students recognised that these “lowest 
common denominator” decisions were not always the 

best.  Although the allocation of students to diverse 
groups sometimes led to the identification of a dominant 
leader or leaders, and these oligarchic groups in both the 
2003 and 2004 semesters produced the best work, this 
was not the case for the majority of groups.  It is our 
feeling after two years of this research that all teams 
should elect a team leader or spokesperson but that the 
focus on this leader should be made less sharp by 
providing a leader at the next level of hierarchy in the 

design tutors themselves.  In order to avoid leading the 
design process, tutors will merely adopt a role at the 
head of client groups in their meetings with their design 
groups - to identify the ideas that might be developed 
rather than suggesting these ideas.  This directs us to a 
final conclusion about role definition and one concerning 
the nature of the role of the teaching staff themselves.  
When asked by Learning Services what would make 

group work a more positive experience, 35% of students 
stated that greater staff support in the process of 
collaboration itself was necessary.  Although this shall be 
returned to soon, suffice to say for now that for 2005 a 
major change to be made to studio teaching will be to 
more tightly structure tutor interaction.  Tutors during the 
last two years did not allocate tutorial times in order to 
avoid students attending studio during these times alone.  

Yet, whereas studio attendance can often be erratic 
during individual projects, we have found that during 
group projects studios are a hive of activity.  Tutorial 
times might therefore be better allocated to coincide with 
design/client group meetings held throughout the day.  
Tutors can act then as mediators in design decisions and 
play an active role in conflict resolution – a role for which 
many students seek support. 

 
6.3. Assessment in 2004 
Although continuous self-assessment has solved many 
of the problems of unrealistic allocation of marks, it would 
seem from the Learning Services report that fair 
assessment is still a major concern.  Indeed, out of 
eighteen comments made on the negative experience of 
group working, twelve focused on the thorny topic of 
assessment.  The following two statements were typical 

of these (Anderson, 2000, pp.24-5): 
Because some people are slack and as a result, the people 
who do the work have to do extra to compensate for it.  All 
the while the people who do nothing reap the rewards of the 

people who do the work. 
The first project we did we were put into groups, this was a 
very bad choice!  We had 6 in our group, 5 of the members 

were fantastic, but the other one was terrible and did no 
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work…  The people who did more work on the group posters 
didn’t have time to do their individual posters and some failed 

their individual mark.  Group work  works in some situations 
but is hard in others.  Altogether, you get a worse or unfair 
mark in group work. 

Perhaps the greatest cause of these problems was the 
choice of self-assessment that was given to teams when 
they were compiling the contracts that would define how 
they would work together.  After discussion with the 
cohort, the students devised three options of mark 
allocation, either by round the table ‘bargaining’, by 

secret ballot, or by simply agreeing to allocate marks 
evenly.  It was amongst the teams that perhaps rather 
naively chose the third option, and this was the majority, 
that most problems arose.  For, as might be expected in 
a group of six not everyone contributed evenly, which 
unfortunately gave rise to a growing resentment that 
undermined the teams and their somewhat idealistic 
intentions.  In contrast, the teams that adopted the two 
assessment methods that allowed for penalty and reward 

saw the allocation of marks as fair.  Significantly, the vast 
majority of students in these teams described in their 
reflective portfolios the group project as a positive 
learning experience.  The two methods of continuous 
self-assessment chosen by these contented teams will 
certainly act as a model for all future collaborative design 
projects taught at Deakin. 
 

6.4. Student Results in 2004 
It can be seen from Figure 1 that the distribution of 
grades across the 2004 cohort does not quite correspond 
to the bell curve of normal distribution.  For, 90% of 
students rather than the 68% of a normal distribution lie 
within one standard deviation of the mean grade.  By 
uniformly allocating students to teams according to ability 
(as indicated by their grades in the previous semester), 

the grades of the groups were effectively evened out.  
Significantly not one group failed the 2004 project, yet in 
line with this there was only one higher distinction project 
– a grade awarded to an oligarchic collaborative team 
strongly led by a very talented student.  This levelling of 
grades rather supports the statement of one student that, 

By putting us into groups in a combination of strong and 

weak students it’s going to create problems where the strong 
students have to carry the weak.  The strong students just 
get dragged down and the weak students pulled up – is that 

fair? 

The answer to this question is entirely dependant of 
course on who is asked it, for the weak student is likely 
to have a very different view to that of the strong student.  
Yet although it is arguable whether the more even 
distribution of marks is desirable, the level of marks 

across the year would certainly indicate that group 
working is becoming a success, if not altogether a 
popular one.  For significantly in 2004, the average mark 
of 66% for the group project was an extraordinary 8 
percentage points higher than the 58% average 
achieved by the same students for the subsequent 
individual project.  Moreover, a comparison between the 
performance of this cohort and that of the previous year’s 
cohort leads to further deductions.  For, whereas the 

2004 cohort outperformed the 2003 cohort by only 1.8 
percentage points for the second semester second year 
design course and by an average of 1.6 percentage 
points across all other courses, in the Atelier Geelong 
project the 2004 students outperformed those of 2003 by 
7 percentage points.  This might lead to the deduction 
that the teaching of collaboration skills in 2004 increased 
the effectiveness of the Atelier project as a learning 

experience. 
 

7. CONCLUSIONS 
 
Research at Deakin thus far strongly suggests that 
students’ performance is appreciatively higher for group 
design projects compared to individual projects, and that 

this improved performance is enhanced further when 
collaborative skills are taught as part of the group 
projects.  A successful pedagogy for collaborative design 
projects must, it would seem, include the teaching of 
collaborative team-working skills. Moreover, student 
feedback indicates that collaboration would be a more 
positive experience if there are less than six people in a 
group and if students have a degree of control over the 
selection of these groups and in the assessment of their 

work.  Although students would prefer to self-select 
groups, it has been found that the performance of the 
cohort as a whole improves when groups are engineered 
to contain a range of experience and abilities.  It is 
suggested therefore that groups should be self-selecting 
according to rules that encourage their diversity. It has 
also been found that students found self-assessment to 
be more manageable and a more accurate reflection of 

their efforts when it is continuous throughout a project 
and, furthermore, allows for reward and for penalty.  The 
Deakin Student Life Support report has further concluded 
(Anderson, 2000, p.13): 

While group work has been a positive experience for the 
majority of students this appears to be variable and 

dependant on a number of factors…These may include 
personality types, age of participants, gender of individuals, 
and level of maturity, motivation and cultural factors.  These 

factors may contribute to the overall cohesiveness of the 
group and an individual’s ability or willingness to 
participate…While staff cannot be completely responsible for 

group work processes and functioning given the notion of 
experiential and adult learning, they can provide students 
with greater support in the provision of resources. 

This final sentence highlights what is perhaps the feeling 
of most involved in this research project to date.  For 
what has become clear from adopting the CUDE model 
is that students need help to develop the communication 
skills essential for effective collaboration, and that this 
help must come from tutors who have the time and 
moreover the training to carefully teach and even model 

these skills.  In other words, the notion that group 
projects demands less teaching resources is based on a 
false economy.  
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INTRODUCTION 
 
Australian Schools of Architecture are currently being 
invited to enrol students from at least five distinct intake 
profiles:  
• Local (Australian) HECS (Higher Education 

Contribution Scheme) liable students bearing a current 

Tertiary Entrance score (In SA/NT/WA and Tas Tertiary 
Entrance Ranking is referred to as TER; in Vic ENTER 
score; in NSW/ACT as UAI; QLD as OP and New 
Zealand as Bursaries score);  

• local HECS liable students not bearing a current 
Tertiary Entrance score (“special intake” students who 
may include indigenous and mature students); 

• local fee paying students TER Score bearing;  
• overseas fee paying students who may or may not also 

bear a current Tertiary Entrance score;  
• and over-enrolment students who are local HECS liable 

students who bear a Tertiary Entrance score which 
would not normally give them access to a tertiary place 
but for the  willingness of the institution to “over-enrol”.  

 
The concept of “over-enrolment” was initiated in the late 
1990s by the Federal Government through the Dept of 

Training and Youth Affairs (DEETYA, now DEST) as an 
administrative mechanism: 
• to increase University access for marginal groups,  
• to permit Universities a mechanism to predict their non-

progression rate, and thereby to over-enrol to 
compensate themselves for future shortfalls in their 
cohort; and to provide marginal funding of HECS load 
for over-enrolled places. 

Many Universities in response to this policy direction 
increased their places available to first year students 
through this over enrolment mechanism. The University 
of Adelaide has an over-enrolment of 13% in 2004. If the 
present Coalition Government is re-elected in 2004, they 
have presaged a penalty for publicly funded Universities 
which have over-enrolled more than 5%. Eight percent of 

a figure between 10-15,000 students is an alarming 
figure to deal with, either by attrition and non-
progression, or by accepting the funding penalty 
(Brookman,11-8-04). If we are to carry the burden of 
over-enrolment funding, what is the outcome for these 
over-enrolled students, their Institution, and their courses 

and Programs? 
The School of Architecture, Landscape Architecture and 
Urban Design at The University of Adelaide over-enrolled 
in 2001 for the first time along with comparable sections 
in their Faculty (eg Economics and Commerce). This 
initiative responded principally to the dual issues of 
providing access for equity groups and to account for 
predicted non-progression beyond first year (in particular 

first Semester of first year) of the enrolled cohort (Gillies, 
March 2001). Non-progression had peaked in 1999 at 
33% of the first year cohort in the School of Architecture, 
Landscape Architecture and Urban Design in 
comparison with the University wide non-progression 
rate of 29% for that year.  

 
Table 1: Changing enrolment demographic over 6 years 

1999-2004 
Year Tertiary Cut off 

Score 
No of 

enrolments 
% School 
leavers 

1999 83.2 60 82.8 

2000 81.3 67 89.5 
2001 68.1 88 71.6 
2002 71.25 106 88 

2003 73.8 114 78.9 
2004 77.7 112 87 

 

Table 1 shows that as the course enrolment rose in 2001 
as a result of over-enrolment, the Tertiary Entrance 
score required for entry fell by 13 percentiles, rising 
again only slightly in 2002 and 2003 when the enrolment 
numbers again rose. The number of school leavers as a 
percentage of all first year enrolments fell substantially in 
2001 which suggests that the goal of greater access for 
equity groups was achieved through this mechanism of 
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over-enrolment alone. But gaining enrolment to a tertiary 
program is only the first step in the longer term goal of 
achieving professional qualifications (McInnis, James 
and Hartley, 2000, p 10). The achievements of the 

students once enrolled, the support for their learning 
required, and the extent to which different styles of 
learning need to be supported are some of the questions 
explored later in the paper as a Case Study of actions, at 
the School and Course level, to support these vulnerable 
students  
 

RESEARCH QUESTION 
 
The resultant research questions became: 

• What was the performance of the 2003, 2002 and 2001 
cohort for Semester 1 core (mandatory) Courses in 
comparison with the 1999 and 2000 cohort of first year 
students in the School of Architecture, Landscape 
Architecture and Urban Design?  

• What are the implications for teaching as a result of this 
research into performance of students from (more) 
diverse academic backgrounds? 

For comparative purposes, and to evaluate the 
effectiveness of over-enrolment as an intervention we 
need to know the performance of over-enrolled students 
compared with students selected under the former 
criteria. We need to know their performance in their 
compulsory first year course scores. This data helps to 
draw conclusions about the veracity of traditional 
enrolment indicators for performance outcomes, over-

enrolment performance, and implications for teaching. 
 

LITERATURE REVIEW 
 
Whilst there is abundant higher education literature on 
the existence of equity groups (see for example Heagey 
2003, Anderson, Singh, Stehben and Ryerson 1998; 
Ramsay, Trantor, Charlton and Summer 1998) and to a 
lesser extent the performance of equity groups (see for 
example Evans and Farley 1998) and some excellent 

literature on transition for commencing first year students 
(see for example McInnis, James and Hartley 2000; 
Pargetter et al. 1998) there is a dearth of literature 
specifically addressing the performance of over-
enrolment students – who may be considered to be the 
lowest 20% of TER enrolments. 
 

Table 2: Performance of Commencing Bachelor 

Students - 1995 SPU rates 
SPU Ratios�

Discipline Group School 
Leavers 

Other than 
School 

Leavers 

All 
Commencing 

Bachelors 

Humanities 0.84 0.83 0.83 

Social Sciences 0.85 0.85 0.85 

Education 0.89 0.88 0.88 

Sciences 0.83 0.81 0.82 

Mathematics/Computin
g 

0.76 0.75 0.76 

Visual/Performing Arts 0.87 0.89 0.88 

Engineering/Processin
g 

0.78 0.79 0.78 

Health Sciences 0.90 0.90 0.90 

Admin/ Business/ 
Economics/Law 

0.79 0.79 0.79 

Built Environment 0.89 0.89 0.89 

Agriculture/Renewable 
Resources 

0.83 0.86 0.84 

Unallocated 0.83 0.82 0.83 

Total 0.82 0.83 0.83 
Source: Dobson 1999 

 

What is known from Ian Dobson’s 1999 work 
“Performance Indicators in the Measurement of 
Institutional Success” is that the Student Progress Unit 
(successful completion of subjects weighted at one 

Equivalent Full Time Student Unit (EFTSU)) “is a useful 
indicator as to which students do better than others”. In 
previous work Dobson has shown that women 
outperform men, and full time students outperform part-
time or external students. There are also discipline area 
differences in performance, as can be seen in Dobson’s 
Table 2 – where the lowest performing students, both for 
school leavers and other commencing students were in 

Mathematics/Computing and Engineering, although not 
far behind were those in Business/Administration/ 
Economics. 
Dobson’s research reveals that the Built Environment as 
a discipline area outperforms all other discipline areas for 
SPUs beyond Health Sciences. This is important 
because it suggests that prior to over-enrolment as a 
University policy, students who were accepted 

progressed at a rate of 89% for his Australia wide 
Sample. 
Dobson states that an important variable in school 
leavers’ transition from School to University is their Year 
12 TER. His results in this regard are limited to 3 
Victorian Universities as nationally TER scores are not 
well reported by some Universities. He found a strong 
relationship between TES (Tertiary Entry Scores) and 

Student Progress Units at all three Universities and 
particularly that SPU ratios were higher for students who 
scored higher TERs. He continued that this information 
“is important, particularly for Universities which attract 
students from the lower end of the TER scale. The whole 
concept of ‘value adding’ and an awareness of 
appropriate levels of resourcing /support of first year 
teaching are intertwined” (Dobson, 1999). His Figure 1, 
below, shows that at Institution 2, students with TERs 

between 70 and 90 do not appear to perform as well, but 
he cannot speculate about this result  of lack of 
correlating qualitative data. 
 
Figure 1: Correlation between Tertiary Entry Rank and 

SPU Ratio - 1995 

 
Source: Dobson 1999 

 
Pargetter, McInnis, James. Evans, Peel and Dobson 
(1998) reported that in 1994 in their Australia wide 
survey of beginning University students, those who self-
reported average marks of >70% rated higher on clarity 
of purpose for enrolment at University than lower scoring 
students. In 1999, when McInnis, James and Hartley 

(2000) re-surveyed, they found that (N= 2609, with 74% 
school leavers) amongst first years, 72% were clear 
about the reasons they came to University (cf 74% in 
1994), 59% knew the type of occupation they wanted (cf 
62% in 1994) and 63% believed that “University will 
really help me get what I want in life” (cf 62% in 1994).  
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Their recommendations, after analysing the fall in these 
key indicators from their 1994 Survey, and the disturbing 
rise to 13% (from 11% in 1994) of students who believed 
that ”University is just marking time while I decide my 

future” were fourfold: 
• First “The first year of University may need to be 

reconceived” citing that whilst “[s]Students desire a 
significant break from senior secondary learning styles 
and the pressure of score-based expectation, and they 
consistently identify ‘independent learning’, ‘self-
discipline’ and ‘self-reliance’ as basic goals in their 
university education”.  

• “Second, the repeated emphasis on face-to-face 
teaching, on access to academic staff, and on meeting 
senior university students before and during the early 
stages of transition were all unexpectedly strong” 

• “Third, the consistent stress on ‘social transition’, on 
feeling ‘welcomed’ and on the ability to make friends 
and feel ‘at home’ on often dauntingly large and diverse 
campuses suggests that universities should seek to 

provide a range of opportunities for social interaction 
shortly before and shortly after the beginning of each 
year” 

• “Finally, the identification of students experiencing 
transition problems needs to pay close attention to both 
academic and social factors, and to the likelihood that 
problems are significantly exacerbated by: expectations 
and self-perceptions that students should be ‘self-

reliant’ (which some misconstrue as ‘able to help 
themselves and not seek assistance from others’); 
failure or inability to engage with and become part of 
student-student conversation and interaction through 
which many academic and personal problems are 
allayed, worked out and often solved; and feelings of 
isolation and insignificance relayed—most often 
indirectly—in everyday teaching practice.” (Pargetter, 
McInnis, James, Evans, Peel and Dobson, 1998) 

Their recommendations, and others about new research 
into changes in approaches to supporting students’ 
learning formed a basis for rewriting the core course Built 
Environments 1 in 2001(which is referred to in the Case 
Study) to take account of diversity of enrolment and 
changed expectations of University, as well as the 
introduction of online learning. 
 

METHOD 
 

Data was collected on the academic performance of all 
first year students 1999-2003 undertaking a full load of 
mandatory courses in the Bachelor of Design Studies, 
Semester 1. The data was harvested from the student 
enrolment data base and provided by the researcher to 
the data analyst in a de-identified form as a cohort 
analysis only is required. For this reason, because this is 
low risk educational evaluation research falling within the 

bounds of the normal activities of the classroom teacher 
wishing to understand better how to support the class, 
and because there is no reporting of individual student’s 
outcomes, Human Research Ethics Committee approval 
was not required.  
The cohort analysis included data for all commencing 

first year students who: 
• Hold a valid TER score (from any year); 

• Are undertaking all three compulsory (core) Courses in 
Semester 1, 1999-2003; 

• Remained enrolled in all core subjects, and received a 
summative assessment for the three Courses. 

Data was excluded for: 
• Non TER bearing students; 

• Students not enrolled in all Semester 1 core Courses in 
1999-2003; 
• Students who withdrew from one or more Semester 
This is important as it suggests that those whose data is 

considered are in fact taking Bachelor of Design Studies 
as their Program, and this Program is a pre-requisite for 
the Bachelor of Architecture or Bachelor of Landscape 
Architecture. 
The data was analysed by classing all students in each 
year level by their TER (Tertiary Entrance Ranking) 
score from 1-100; and 
• Dividing the students into 10 equal groups (deciles) 

which means that the lowest decile holds the lowest 10 
% of TER scores; the second decile holds the 11-20% 
TER scores and the top decile holds the 91 – 100% of 
scores; 

• Aggregating the assessment outcomes (scores) for all 
mandatory Level 1, Semester 1 courses for all eligible 
students; 

• Running regressions between TER and the aggregate 

assessment outcomes to see if there is any statistical 
significance present; 

• Plotting histograms to compare the aggregate 
outcomes for the different TER deciles (10% groupings) 
and quintiles (20% groupings). 

 

RESULTS: SUMMARY FINDINGS 
 
The results revealed that TER is significant in 
determining the aggregate mark but not to large extent. 

There is evidence that the relationship between TER and 
aggregate score is not linear – specifically that the lowest 
quintile TER score for the last 3 years has outperformed 
the second lowest. With the exception of 2001, the TER 
is significant in explaining the aggregate mark achieved 
by students. The regression suggests a positive linear 
relationship between TER and the aggregate mark 
achieved by first year students, that is, all other things 

being equal, the higher the TER mark achieved on 
leaving school, the higher the aggregate mark the 
students will achieve for their Semester 1 core subjects.  
However, a simple linear regression may fail to fully 
explain the data. As described in the Methodology, the 
students’ data was ranked by TER and then the students 
were grouped according to their TER scores into deciles 
and quintiles. 
 

Figure 2: TER v Aggregate mark 

 
 
Figures 3 and 4 combine the individual data points from 
Figure 2 to enable a more overall view to be achieved. If 
one expected that the relationship between TER and 
aggregate score was directly linear, there would an 
increase in the column heights as one moved from left to 

right on the chart. However, for the last three years 
(2001, 2002 and 2003), there has been a recurring dip in 
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the second quintile (shown in Figure 4) from the 
aggregate score of the first quintile. This shows that the 
bottom 20% of students as defined by TER score 
outperformed, on average, the students who had the 

next 20% higher TER scores, which is not what would be 
expected from the linear regression. In 2001 and 2003 
the lowest quintile also outperformed the 40-60% 
quintile. Notable in this context are statistics about 
aggregate mean marks for the courses (Table 3). 
Table 3 shows that the average aggregate mark has 
increased considerably over the past five years, by 
22.8%, or, if we were to assume this increase was 

equally spread across all three courses, 7.6% per 
course. 

 
Table 3: Aggregate mark, mean and standard deviation 
Aggregate 

mark 
2003 2002 2001 2000 1999 

Mean 205.3 207.9 193.1 199.5 182.5 

Standard 
Deviation 

29.6 42.3 50.4 28.4 28.7 

 
Table 4 follows the average mark achieved in these 
three courses, Built Environments 1 (BE), Computer 
Aided Design 1 (CAD) and Drawing Architecture and 
Landscapes 1 (DAL), and it can seen that there has 
been some inconsistency in the average marks for each 
subject. When the TER Average was lower in 2001 due 

to a lowering of the lowest TER for entry through over-
enrolment, it impacted most substantially on the average 
aggregate score for CAD, arguably the most technically 
difficult Semester 1 course, and substantially on DAL, 
which also has a strong technical component. The new 
course BE which was delivered for the first time in 2001, 
was rewritten (compared with 2000 and 1999) to account 
for over-enrolment, online delivery, and a focus upon 

active learning. 
 

Table 4: Component course average mark, TER, 
number of completing students 

Key: BE= Built Environments 1; CAD = Computer Aided Design 
1; DAL= Drawing Architecture and Landscapes 1  

* N=number completed all 3 core Courses who were a part of 
the Sample of TER bearing fully enrolled students 

 BE CAD DAL av TER 
# 

completed* 

2003 69.5 62.9 72.8 85.5 75 

2002 71.5 70.9 65.6 86.8 79 

2001 70.1 60.5 62.5 80.9 65 

2000 59.9 70.6 69.0 90.1 40 

1999 58.1 62.6 61.9 89.8 40 

 
Figure 3: TER deciles v Aggregate score 

 
Figure 4: TER quintiles v aggregate score 

 
 

DISCUSSION 

 
Changes inaugurated with relation to achieving good 
learning outcomes for all enrolled students as a result of 
these results are discussed in the next section. In 
particular, there was a focus on integrating teaching 
practices which the literature suggested might be 

effective in supporting particularly students with a low 
TER score. Implications for Semester 1 teaching 
development are suggested by the trend to more diverse 
enrolments including enrolments from students bearing 
lower TER scores, because Semester 1 is seen as 
crucial. Early support for student learning is suggested 
by Yorke (2003), Director of the Centre for Higher 
Education Development at Liverpool John Moores 

University in the UK, who has identified that the practices 
engaged in the tertiary classroom in Semester (or Term) 
1 of Year 1 are critical to retention and assessment 
success. Whilst there is a need to integrate Semester 1 
learning support with other forms of academic, personal, 
financial and social support – the role of the academic is 
principally in structuring learning activities and 
assessment tasks which align with learning goals – goals 

which are the same for the whole cohort regardless of 
their TER score. The temptation to “dumb down” (Yorke, 
Woodrow, Lee, McGrane, Osborne, Pudner and Trotman 
2002) is avoided if the learning activities can be 
satisfactorily achieved at a number of levels. What is of 
critical importance in first year is a clear description of 
the criteria referenced assessment bands from “not 
satisfactory” through “satisfactory” to “outstanding” - and 

that the criteria are transparently applied and the 
descriptions universally accessible (Shannon, 2002). 
The intention in the Bachelor of Design Studies is to 
include the key, core learning skills (meta-cognitive skills 
or learning how to learn) within the core courses, instead 
of as unwanted add-ons, which are seen by students as 
remediation and frequently result in poorly attended 
sessions which have little immediate context to 
curriculum and importantly to the assessment tasks at 

hand (Action for Access, 2002). As “assessment drives 
the learning process” (Boud, 1990) embedding the skills 
within an assessable task is essential to the skill 
acquisition being seen as central. However, the School 
recognises that some students need further support. The 
integrated “Study Skills” drop in sessions commenced in 
Architecture at Adelaide in the 1990s supported a “model 
[which] shifted the focus and perception of student 

support services away from the notion that they were 
similar to an Accident and Emergency Ward serviced 
with a “blue flashing light emergency culture” treating the 
problem when it is serious, towards a pro-active and 
preventative support model with a view to removing 
barriers and difficulties” (Action on Access, Point 26 
,2002). This integrated service in support of  first, 
students, and second, Course Coordinators in aligned 

with restructuring thinking about University level learning 
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and support in commencing architecture studies so that 
the support is institutionally supported rather than an 
unwanted task: 
“While demand and student-centred provision seems to 

suggest a passive or responsive role for institutions, 
programmes and teachers, there is evident need for 
those within tertiary education to be pro-active, to take a 
leading role in improving access, addressing the diversity 
of interests in study programmes, assisting students to 
develop ’generic’, cross-curricular skills equipping 
learners to extend the use of their abilities and 
knowledge beyond the edge of narrow, defined job 

requirements – indeed to become pro-active. Such a pro-
active role for tertiary education may be the key to 
putting students at the centre of the education 
paradigm.” (OECD, Thematic Review 2000, Australian 
Seminar, pp 63-64) 
 

CASE STUDY OF PROACTIVE BEHAVIOUR BY 
SCHOOL, AND A COURSE  
 
At The School of Architecture, Landscape Architecture 
and Urban Design a drop-in style lunchtime “Study Skills” 
session was inaugurated in the 1990s in response to a 

consideration of at risk factors amongst undergraduate 
students. This program has now been supported 
continuously for over 10 years, and during that time has 
been instrumental in providing support to self-selected 
students independently of any connection with scheduled 
classes and assessment requirements. First it operated 
largely on a “language and learning” basis – for students 
who were not confident with University level writing and 

assignment standards, or manual drafting protocols and 
technical issues. However, for the past three years digital 
Study Skills has replaced this focus – so much so that 
the twice-weekly lunchtime sessions have moved into 
the computer aided design laboratory. Its strengths are 
the independence from structured courses and 
assessments, and the non-judgmental attitude of the 
tutor in attendance. Interestingly, a 2004 attendance log 

reveals attendance from 1
st
 year to 5

th
 year students with 

needs ranging from rudimentary to advanced. Yorke et 
al.’s (2002) argument that making a good start in 
Semester 1 is essential – in particular learning how to 
learn- and seeking timely support, is borne out here. 
At a Course level the Semester 1 Core Course Built 
Environments 1 is an example of a course rewritten to 
support excellent learning outcomes for all students in 

the class. The key decisions were the abandonment of 
the Library “work book” system for first year students, 
traditionally the means of familiarising students with the 
Library prior to writing their first University essay, which 
was also abandoned. In its place is an integrated 
program of Library familiarisation within the context of 
producing four pieces of high quality assessable written 
work which lead the learner through correct writing and 

referencing protocols, constructing a University–level 
argument and supporting it with current, multi-sourced 
references. Information regarding referencing 
conventions, searching for key data and academic 
writing is integrated into the assessment and available 
on Course:Library web pages which are constantly 
updated, and available 24/7 to students. Available at 
http://www.library.adelaide.edu.au/guide/arch/BEI/2004/i
ndex.html, they also hold all the assessable tasks. 

 

CONCLUSION AND FURTHER RESEARCH 
QUESTIONS 
 

The current Higher Education debate about over-
enrolment and over-quota (fee paying local) students is 
informed by this research. Insufficient analysis of the 
performance of sectors of the enrolled cohort is 

conducted in Schools of Architecture, possibly as this is 
seen as an unpopular research area - quantitative 
research with detailed statistical analysis required. But 
without a research basis to enrolment decisions there is 
little to inform institutional decision-making beyond 
anecdotal evidence. When the Semester 1 performance 
of the 5 years from 1999 – 2003 is analysed the notion of 
underperformance by the over-enrolled students (the 

bottom quintile) is dispelled. They perform consistently 
better than the fourth quintile. In two years 2001 and 
2003 they performed better than the third and fourth 
quintile. This may be because having “just scraped in” 
they work diligently at their studies, seeking help 
proactively from “Study Skills” sessions and 
acknowledging their learning needs; or because the 
schooling system with its rigid formula for achieving a 

TER score did not suit their more creative skills which 
are allowed to blossom in a School of Architecture given 
Courses’ restructure.  
Further research needs to be conducted into this area – 
focus groups, interviews and associated grounded theory 
analysis (Strauss and Corbin 1990) (from the data up 
instead of to fit a pre-existing hypothesis concerning why 
the lower TER students outperform the 40-60-80

th
 

percentile) is now required to answer the “why” 
associated with these research results. Nevertheless the 
implications for first year teaching to make the “hidden 
curriculum” of tertiary study explicit (Bourdieu and 
Passeron, 1977) to achieve desirable outcomes for 
equity groups including over-enrolled students continues 
to be important whatever the reasons for the out-
performance by the bottom quintile. Whilst the barriers to 
curriculum, learning activity and assessment change are 

well understood (Gibbs, 2001) the consequences of not 
understanding the performance of the cohort in response 
are under researched. 
If we are to continue to over enrol, we need to 
understand the performance of the over-enrolled 
students; how to further support them; and whether their 
very enrolment is a risk factor in their success (should 
they have been enrolled at all?). This research reveals 

that for a three year period the over-enrolled students do 
perform adequately – what we do not understand fully is 
the impact of lowering TER scores on the whole cohort. 
It may in itself be part of the cause of the lower 
performance of the 40-80% quintile as the teacher’s time 
is diverted to support the learning needs of these 
students. Nor has the performance of the cohort been 
tracked after Semester 1 of their first year to ascertain 

whether this pattern of performance follows them 
throughout their academic career. These are all fruitful 
areas for further research, as is replicating this study at 
Universities which enrol into Architecture from both 
higher, and lower TER scores. 
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ABSTRACT: Designs on technology examines the deployment of materiality as mediator between the 
abstract [conceptual design] and the representational [production documentation] in the context of a 
new technology course, Construction + Structures 5 (C+S5) offered in 2004 at Auckland University 
School of Architecture. The course construction reflects on works of eminent psychoanalyst and 
psychiatrist D.W. Winnicott and in particular his paper ‘Transitional Objects and Transitional 
Phenomena’ (1953) where he discusses an intermediate area between internal and external reality. 
This potential space is where Winnicott perceived the creation of transitional objects, where creativity 
first takes place. Offered in preparation for and in the semester preceding the final third year 

technology integrated design paper, Design 6, the course opens with deliberations on ‘why’ particular 
and appropriate technology is deployed in the realisation of thematic initiatives, with the content weight 
later shifting to ‘how’ technology is deployed. Importantly, emphasis is placed on ‘when’ technology is 
deployed and proposes a pre architecture engagement with technology through materiality. Case study 
models explore diverse construction systems woven through similar threads of thematic concern. The 
course discusses the need for personal engagement with technology by students at the earliest 
possible moment in the design process. Key determinates of efficacy are assignment, examination and 
final design paper outcomes of a two year group of 173 students in 2004 together with an historical 

comparison; achieving an increase in C+S5 course pass grades of up to 22%.   
 

Conference theme: Architectural education  
Keywords: materiality, transitional object, abstraction  

 
 

INTRODUCTION  
  
Until 2004, construction and structures (C+S) core 
courses at Auckland University School of Architecture 

were structured as double semester courses over the 
first two of the three years of the Bachelor of 
Architectural Studies (BAS) programme and fourth year, 
the first of the two year B.Arch programme. With a recent 
university requirement for all courses to be of single 
semester duration, a new series of C+S courses were 
introduced in 2004 as C+S1 and 2 in first year, C+S3 
and 4 in second year, C+S5 (the topic of this paper) in 
third year and C+S6 in fourth year. For 2004 only, a 

double intake was necessary for C+S5, enrolling both 
third and fourth year students. Of primary concern was 
the requirement that the course prepare third year 
students for the consequent Design 6 paper in the 
second semester, the guidelines for which state;  

…A culminating course in which students are expected to 

demonstrate appropriate awareness, knowledge and skill 
in the preparation of a fully resolved sketch design 
proposal, in response to a challenging project topic.  

Design proposals are required to address thematic, 
programmatic (cultural, social, functional) and contextual 
issues, and demonstrate an understanding of the 

formative influence of building structure, construction and 
materials and of architectural strategies for environmental 
considerations...  

  

1. CONTEXT  
  
1.1. 
Much of the commercial architecture constructed in the 
Auckland CBD during the economic boom times of the 
1980’s maximised net (lettable) : gross (constructed) 
area calculations often consequent to developer client 
requirements for greater financial return. To that end, 

external wall constructions were often minimised to 
literally one skin of low performance glass. That in itself 
is nothing unusual, after all Norman Foster’s 1975 much 

internationally acclaimed award winning commercial 
office building, Willis Faber Headquarters in Ipswich, 
England deployed a single skin of suspended toughened 
glass for the external wall skin, unashamedly, though for 
different reasons. Subsequent façade engineering 
technology in the commercial architecture of Europe and 
USA has developed from the single skin barrier to 
responsive double or triple+ filtering facades and while in 

New Zealand there are legislative, environmental and 
economic reasons why this technology has not been 
utilised, it remains the case that the external skin (seen 
by some as the architecture) frequently pays little 
homage to nor offers any connectivity with the 
technology within.   
  

  
Copyright Anthony Hunt Associates Ltd.  

Figure 1: single glazed facades, Willis Faber HQ Ipswich 
UK 1975 Foster Assoc and Fay Richwhite Bldg Auckland 

CBD 1984-88 

1.2. 

The engagement by architects and designers of New 
Zealand in thin barrier skin architecture (known as 
‘10mm architecture’) has continued to present times and 
contributed particularly over the past three years to wide 
ranging and serious problems relating to water 
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penetration into buildings, particularly in the residential 
sector. The causes of these failures are identified in the 
publication “Report of the Overview Group on the 
Weathertightness of Buildings” (BIA 2002) of the New 

Zealand Building Industry Authority (BIA). This report 
condemns types of thin barrier (sic) external skin 
construction and in particular ‘monolithic cladding’. The 
BIA website reports;  
Monolithic cladding  
Most of the concern expressed in the Report of the Overview 

Group relates to 'monolithic cladding' which has become a 
common form of building material in residential construction in 
recent years. The term refers to a cladding of sheet material 

with an applied coating to give the appearance of a seamless 
cladding, often imitating concrete, masonry or plaster.   
Mediterranean-style housing  

The Overview Group's report noted evidence of a growing 
number of new housing constructions showing signs of water 
damage. These predominantly use monolithic panel systems 

designed in styles that exacerbate the problem. These styles 
may include:  
• complex roof design  

• lack of eaves  
• balconies  
• flush windows and doors with inadequate or in some 

circumstances no flashings.  

 

  
Figure 2: Cote d’Azur France Daily Telegraph colour 

library and Speculative housing Auckland 
Mediterranean-style 

1.3. 
Much of the work of the BIA is now being absorbed into 

legislation with the notable requirement that with 
‘monolithic cladding’ there can be no presumption that 
the barrier will succeed in practice and that a secondary 
waterproofing layer and cavity must be incorporated in all 
new construction – indicating the external wall is be a 
filter and not barrier. More importantly here, the report 
identifies weatherproofing vunerablity as a consequence 
of the application of thin veneered ‘style replication’ to 

traditional New Zealand timber frame practice, a 
technology developed out of frequently disparate cultural 
aspirations which can only result in a dislocation 
between the forces of design and technology - a cultural 
malaise, so to speak. This paper argues that for 
architecture to succeed in practice, there should 
cohesion between the two forces.  
  

1.4. 
Architectural education is mostly delivered in specialist 
fragments according to the interests of individual 
educators, usually adopting sequentially related topics, 
concept, outline design, detail design and documentation 
etc - replicating ‘text book’ practice, but not the thinking 
process of the practicing of architect. The experienced 
practitioner comes to the conceptual stage of design 
equipped with an understanding of available 

technologies and may blend concept and detail at the 
earliest stages. Where architectural students are 
required to engage with construction technology, which 
for many is a daunting and even esoteric topic, usually 
subsequent to the design process, they will search out 
specialist opinions of an often disparate group of 
academics and practitioners, while the practitioner will 

seek to gain specialist advice from like-minded people. 
Students frequently engage with or apply technology to 
earlier thematic interests as a separate and detached 
academic exercise sometimes perceived as fruitless 

since they deal only with ‘paper’ architecture. This paper 
describes a process where it is possible to engage with 
technology at a pre-conceptual design stage and 
reasons that early engagement is more likely to integrate 
technology sympathetic to and supportive of thematic 
concerns, as opposed to either the ‘shoehorning’ of a 
convenient technology into a predetermined design 
outcome or the application of ‘style veneers’ to 

inappropriate technologies.  
  
1.5. 
D. W. Winnicott (1896-1971) was a paediatrician, 
psychiatrist, psychoanalyst and psychotherapist with a 
special interest in child development and for this paper I 
have referred to two works by Dr. Winnicott, “Transitional 
Objects and Transitional Phenomenon” (1951) and 

“Playing and Reality” In the former publication he says;  
When symbolism is employed the infant [student] is 
already clearly distinguishing between fantasy and fact, 
between inner objects and external objects, between 

primary creativity and perception."  
It is in the space between inner and outer world, which is 
also the space between people--the transitional space--

that intimate relationships and creativity occur. 
  

1.6. 
Winnicott had a special interest in the mother/child 

relationship and in particular, the ‘good-enough mother’ 
who allows herself to be used by the infant in the 
process of detachment by the child. His theories 
conceptualized the psychic space between the mother 
and infant, part physical, part psychological, which he 
called a ‘holding environment’ where the child's transition 
to detachment can be more autonomous. This concept of 
a ‘holding environment’ led Winnicott to his theories 

relating to the ‘transitional object’. The transitional object, 
in ‘potential space’, or the intermediate space between 
internal and external reality, is where creative 
experimentation can take place, safely and without fear.  
  
1.7. 
In a subsequent publication ‘Playing and Reality’ Dr. 
Winnicott develops ideas discussed in ‘Transitional 
Objects and Transitional Phenomena’. Referring to the 

intermediate area between internal and external reality, 
he postulates that if children [students] can utilize this 
realm to initiate their relationship with the world 
[architecture], first through transitional objects, and 
especially through individual play and shared playing, 
then cultural life and heritage becomes freely available to 
them. The process of playing, but not playing games 
(competitive) becomes a valuable activity in personal 

creativity, a pre form engagement with cultural themes in 
architecture. A further source is Winnicotts publication, 
"Playing: Its Theoretical Status in the Clinical Situation" 
(1968) 

The place where cultural experience is located is in the 
potential space between the individual and the 

environment (originally the object). The same can be said 
of playing. Cultural experience begins with creative living 
first manifested as play. 

  

2. C + S 5 COURSE STRUCTURE  
  
2.1. 
First and second year construction and structures 
courses at Auckland University School of Architecture 
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(C+S1-4) focus on timber and concrete construction, 
while the 2004 Construction + Structures 5 initially 
focuses on steel and glass, with the scope of 
engagement broadening as the course develops. The 

course carries an academic value of 1 point or 14% of 
third year core requirements. Delivered to 173 students 
(88 third year, 85 fourth year), the course was structured 
in 12 one hour lectures and 24 hours of tutorial with a 
tutor: student ratio of 1:22, where formative assignment 
work is undertaken. The course introduction focuses on 
what I have described earlier as a New Zealand malaise 
(thin skinned style applied to a dislocated technology) - 

opening with examples of random ‘style pasting’ veneers 
on standard New Zealand NZS 3604 timber frame 
construction. This extends into materiality and the 
proposition of a necessity for engagement with 
materiality prior to construction technology. The 
residential dwelling below for example (thin skin 
monolithic cladding on timber frame) was used to 
illustrate material or materiality denial in architecture and 

paralleled with the default material rendering capabilities 
of low grade modelling software – an absence of 
engagement. The two adjoining images served to 
illustrate purposeful materiality, which in turn would lead 
to deployment of appropriate technology.  
  

 
Figure 3a: Residential Dwelling Auckland 2003 

 

    
Figure 3b: Bronze casting; Stainless steel sheet tiling 

  
2.2. 
The course engagement with materiality continues as 
threads are woven through a series of buildings linking 
pre-architecture thematic issues explored through 
materiality and opens with Le Corbusier’s Villa Savoie 

(1929-31), Paris France, the OMA Rem Koolhaas One-
Family Home (1998) Floirac, Bordeaux France and the 
National Museum of Australia (2001) by Ashton Raggatt 
McDougall. In the first example, Le Corbusier explores 
contemporary steel ship aesthetic using a blend of 
concrete frame and traditional European masonry and 
render technologies, while Koolhaas, referring back to 
the Villa Savoie, deploys concrete but exposed in it’s raw 

state rather than concealed, yet perforated with circular 
ship like ‘portholes’.  Ashton Raggatt McDougall, on the 
other hand, chose to follow the forms of the Villa Savoie, 
but using the contemporary materials of coated 
lightweight metal panel cladding (emphasised by a 

mismatch in colour in adjoining panels). Extended case 
study investigation included La Maison de Verre (1927-
32) Paris, France by Pierre Chareau, where steel and 
glass technologies are overtly yet seductively deployed 

as material evidence of thematic value at the time Le 
Corbusier, knowing the building, was constructing the 
concrete Villa Savoie. Early works of Buckminster Fuller 
were explored, as being more appropriate to the ‘spirit’ of 
the day, and other works through to the Sendai 
Mediatheque (2001), Sendai, Japan by Toyo Ito, who 
used steel ship yard technologies in the construction and 
described the building as a contemporary interpretation 

of Le Corbusier’s ‘Domino’ construction system.  
   
2.3. 
While the first weeks of the course deal with ‘why’ 
appropriate technology is necessary for good design, 
with some attention given to ‘how’ technology is 
deployed, the structure is inverted in the second half of 
the semester to explain ‘how’ technology is deployed 

while retaining aspects of the ‘why’. Emphasised as 
critical for students undertaking the consequent Design 6 
paper is the moment ‘when’ technology engages with 
design. The connectivity device of materiality between 
the abstract or thematic (conceptual design) and the 
representational or technology (production 
documentation) is referred back to D.W. Winncott’s work 
on potential space and transitional objects to reinforce 

the understanding of materiality concerns as a linkage 
between theme and technology. The earlier the 
engagement with materiality (transitional object) the 
more likely is appropriate technology to be deployed, 
empathetic to cultural or aesthetic concerns.    
  
2.4. 
Additional to the lectures, two formative assignments 
were set for the students. The first being an individual 

diary of observation, digital or hand, with illustrations, 
images and sketches on a single newly constructed 
building on campus with a transparent layering of 
technology making straight forward links between theme 
and technology. The second assignment required groups 
of 3-4 students to prepare a critical appraisal of one 
aspect or element of construction in the same building 
and to propose an alternative construction technology 

better addressing the concerns particular to that group. 
The end of semester summative examination questions 
followed the same themes developed in lectures, 
pertaining to theme, materiality, materials and 
technology.  
  
2.5. 
Course material was made available to students only in a 

digital format, to ensure that images and text be read 
together and to provide multiple links to web sites for 
those students seeking further information. As well as 
being available on the school intranet, each student was 
given a CD of the course material for use during both the 
course and the consequent Design 6 second semester 
paper.  
  

3. DESIGN 6 PAPER  
  

3.1. 
The final core design paper of third year preceding 
graduation in the Bachelor of Architectural Studies (BAS) 
- which gains entry to the second degree programme, 
Bachelor of Architecture (B.Arch) - is undertaken in the 
second semester of studies, consequent to the first 
semester C+S 5 course and has an academic value of 3 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

303 

points, or 43% of third year core requirements. Students 
of 2004 chose one of four available topics and students 
were equally divided between allocated design staff, with 
25 students taking my paper, ‘[Transitional] Space + 

Performance’. An extract from the paper prescription;  
DESCRIPTION: This paper explores materiality as 
mediator between the abstract [design] and the 
representational [technology] and builds on themes 

developed in the first semester Construction + Structures 
5 course, to provide a facility for performance art in 
central Auckland. It reflects on works of psychoanalyst 

and psychiatrist D.W. Winnicott and in particular his paper 
‘Transitional Objects and Transitional Phenomena’

 
where 

he discusses an intermediate area between internal and 

external reality - potential space. Potential space is the 
overlapping space, neither subject nor object but some of 
both and in this space we find transitional objects and 

transitional phenomena. We will examine two forms of 
transitional space; the zone between abstraction 
[thematic concerns] and materiality [technology concerns] 

and the spaces between spaces as transitional zones, be 
they in the form of filters or barriers – these are the 
spaces occupied by technology. Programmatic concerns 

explore performance art. Your architecture will be 
approximately 3000sqm in size and located in central 
Auckland; the facility will accommodate activities 

associated with dance, music, theatre or film and include 
some of, a theatre, film/video studio, sound recording 
studio, dance studio and support activities/facilities. 

Students will choose one form of performance art as a 
primary focus and briefs will be developed individually in 
consultation.   

Paper assessment procedure stated;  
All work will be assessed on compliance with design six 
guidelines. Assessment criteria will embrace the initial 
formative exercises, process and exploration, summative 

design and technology amalgamation, and presentation: 
drawn, written and oral.  
Final design project submission   60% of the total grade.  

Process work over the semester  20% of the total grade.  
Interim formal crit                          20% of the total grade.   

  

3.2. 
Given a course requirement for greater engagement with 
technology, [Transitional] Space engaged with materiality 
(later partnered by appropriate technology) at a pre form 
or pre architecture stage of development. Each student 
chose a performing or performance art activity with which 
they could personally relate and to use the chosen 

activity for either development into a centre specialising 
in that interest or for use as a metaphor in a different art 
form activity.  Initial studies engaged with the works of 
D.W. Winnicott as discussed earlier, and painter Francis 
Bacon (1909-1992). Born in Eire of English parents, 
Bacon was a painter whose work was very influential 
with artists of the second half of the twentieth century. 
His work was often horrifying and hallucinatory, 

sometimes satirical, and frequently used the ‘purposeful’ 
accident,  

I think that accident, that I would call luck, is one of the 
most important and fertile aspects of it, because, if 
anything works for me, I feel it is nothing I have made 

myself, but something which chance has been able to 
give me.  

  

3.3. 
Students were encouraged from the outset to be 
receptive to the potential of accidental gestures, but of 
more relevance here is his position on abstraction and 
representation. Not exclusively, but substantially since 
the invention of photography, Western art has been 

concerned with simultaneous multiple representations of 
the subject/object while respecting the two-dimensional 
picture working plane. Bacon was disposed toward the 
blurred marred image, part representational part 

abstract, where paint marks and gestures [materiality] 
override representation, in Bacon’s words;  

An illustrational form tells you through the intelligence 

immediately what the form is about, whereas a non-
illustrational form works first upon sensation and then 
slowly leaks back into the fact.  

With similar concerns in mind, the worms-eye view 
axonometrics and paintings of architect James Stirling 
(1926-1992) serve to illustrate simultaneous different 
viewpoints while respecting the two dimensional picture 
plane.  
  

   

Figure 4: Triptych May-June 1973 Oil on canvas Private 
Collection, New York. Francis Bacon 

  
3.4. 
A particular painting by Bacon was discussed in detail, 
his Triptych 1973. The painting, sequenced 

unconventionally right to left (but read from left to right), 
suggesting a memory recalled, a clock wound back, 
depicts a suicide in a place different to that of the 
observer, but crossing or transgressing spaces right to 
left and subject/observer space top to bottom. The image 
on the right depicts the act of vomiting into a bowl, the 
centre image is one between spaces and the third 
depicts the dead body on a toilet). The subject is in a 
dark place viewed from a lighter space marked with the 

white arrow of mathematical objectivity placed in the 
foreground. With respect to the context of this paper, the 
triptych has useful information for the students 
concerning materiality and transitional space. The action 
takes place in transitional spaces, both physical and 
metaphoric – transgression, from life to death, from 
space to space, the doorway (another transitional space) 
from one place to another.   
  

3.5. 
Initial studies prior to engagement with use programme 
or context, focussed on materialisation of abstract or 
internal thinking processes while remaining alert to 
accidental creativity. These transitional objects in 

transitional or potential space brought about in a spirit of 
play mark the beginnings of thematic interest in a 
tangible way not necessarily involving form, but certainly 
engaging with materiality. This in turn leads to 
engagement with specific materials and appropriate 
technology to be sourced from the first semester C+S 5 
course material, all at a pre or early architecture stage of 
design development. Too early an engagement with 
construction technology might constrict thematic design 

interests, while an absence of technology or too late an 
engagement might, as has recurred in the practice of 
architecture in New Zealand, leave themes as a veneer, 
dislocated from a concealed, inappropriate and unrelated 
technology or the ‘shoehorning’ of a convenient 
technology into a predetermined design outcome, as 
mentioned earlier. All students were required to present 
their ‘transitional object(s)’ at two interim crits with group 

discussion before proceeding to the next stage of the 
paper.  
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3.6. 
Two examples here illustrate diversity of interpretation in 
the engagement with materiality. On the left, a 
‘transitional object’ on the theme of ballet on ice uses 

woven fabrics in a pre form state later developed into a 
flowing architecture of heightening intensity in readiness 
for performance. The second illustration relating to film 
and possibly a film school, is one of translucent concrete 
made by the student inserting varying densities of fibre 
optics through the depth of the sample to transmit variant 
levels of illumination. This technology will be developed 
to grade concrete from opaque through to translucent - a 

dissolving of mass, and to insert frames of light.  
  

    
Figure 5: Pre form materiality in an Academy for Ballet; 

Translucent concrete with fibre optics: Film School 
  

3.7. 
With these early transitional objects, associations were 
made between the abstract and the representational 
from which developed the early stages of an architecture 
inclusive of technologies associated with materials. 
Layered with this were use, programme and context in 
no particular sequence. In so doing the students 
engaged with technology at the earliest and most 

primitive of stages, rather than as a late appendage.  
  

4. ASSESSMENT  
  
4.1. 
Course assessment took the form of grading two 
formative assignments described earlier undertaken 
during course delivery and a summative end of semester 
one hour exam. The assignments each carried 25% of 
the final grade with the exam taking 50%. 99% of third 

year students passed the course and 100% of fourth 
year students.   
  

    
Figure 6: 4

th
 Year Final Grades and 3

rd
 Year Final 

Grades 
  

10% of third year achieved ‘A’ grades, 47% ‘B’ grades 
and 42% ‘C’ grades, while in fourth year 3% achieved ‘A’ 
grades, 66% ‘B’ grades and 31% ‘C’ grades. A 
substantial proportion of fourth year students did not 
engage in the consequent second semester Design 6 
paper having graduated from the BAS programme and 
entered into the B.Arch programme – being required to 
enrol in C+S5 only as preparation for the fourth year 

C+S6 course.  
 

 
 

5. CONCLUSION  

  
5.1. 
The course achieved a 99% pass rate for the third year 
C+S 5 course and 100% for fourth year. For this paper I 

have used third year grades only (the sole group taking 
both C+S5 and the consequent Design 6 paper) and 
compared them with grades of earlier years in the 
superseded C+S3, a pass increase rate of 16% is 
achieved over 2003, 11% over 2002 and 21% over 2001. 
The early focus and engagement with materiality as an 
introduction to technology made little difference to ‘A’ 
grades, which is to be expected, but ‘B’ grades have 
increased by up to 22%, ‘C’ grades by up to 11% and ‘D’ 

grades all but eliminated. This indicates the process 
described here achieves better results from middle and 
low graded students and succeeded in making the 
important links in the minds of students between design 
and technology concerns, this being the primary thrust of 
the C+S5 course and Design 6 paper.  
 

 

 

 
Figure 7: C+S3 2003 Grades, C+S3 
2002 Grades and C+S3 2001 Grades 

 
5.2. 
Assessments for the second semester design six paper 

will not be finally determined until November 2004, but 
provisional progress grading indicated that students did 
substantially engage with materiality in the transitional 
stage of pre form architecture and that engagement 
successfully extended into construction technologies 
being explored alongside thematic cultural or aesthetic 
interests as designs developed. This close association 
with theme embraced a greater interest and 

understanding of appropriate technologies, and the 
engagement was perceived less daunting than previously 
with technology only being deployed near the end of the 
design process.  
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5.3. 
The conventional timeline for project development in the 
practice of architecture, of theme, concept, outline 
design, detail design and documentation is not 

appropriate to the educational process in schools of 
architecture. When the practitioner sets out curious to 
explore thematic interests, he comes equipped with 
knowledge of likely empathetic technology, or at least 
where to find that knowledge. The student arrives vacant 
of technology and the earlier the engagement – at a 
stage of materiality or transitional object – the less 
daunting the prospect of engagement. The later the 

engagement, the greater the possibility of deploying 
inappropriate technologies.  
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ABSTRACT:  This paper describes a series of studio projects that address issues of sustainability 
through the idea of ‘context’.  While the term originates in notions of urban or historical continuity in the 
1960s, it is increasingly used to denote an environmental context, which takes into account 
responsiveness to location, both physically and culturally.  Pertinent to the themes of this conference is 
the use coined by Christopher Alexander who used ‘context’ as a synonym for ‘environment’ stating 
‘The form is the solution to the problem; the context defines the problem.’ (Alexander 1964:15)   
In the contemporary practice of architecture, global context defines problems arising from limited 
resources and the continuing use of fossil fuels.  Coupled with conventional expectations that architects 
‘duly skilled and sensitized should be able to intervene anywhere’ (Forty, 2000:135), ‘context’ can be an 
overwhelming concept for novice architectural students to grasp.  This paper will discuss a teaching 
methodology which instils contextual sensibilities at the foundational level of architectural education.  It 
will outline a sequence of projects that address environmental parameters of materials and their use, 
providing an essential link between the design studio and core subjects in construction, structures and 
environmental science. 
 
Conference theme: Architectural education 
Keywords: design pedagogy, sustainability.  
 
 

INTRODUCTION 
 
One of the challenges for teaching first year design is 
how to introduce students to the holistic nature of 
architecture in a way which is manageable in scale, 
relevant to their experiences and captures their interest.  
Although students come to university with a background 
of ecological information provided by contemporary 
secondary school curricula and absorbed through current 
mass media and political debate, their understanding is 
often at the theoretical rather than applied level.  The 
task of learning to design - of acquiring a tectonic 
vocabulary and the skills of three-dimensional spatial 
manipulation and communication - is daunting enough 
without the additional expectation to assimilate and apply 
emerging ESD knowledge. This paper proposes that 
fundamental understandings for responsible architectural 
action can be addressed through introductory design 
studios, and by outlining a series of projects and 
pedagogical strategies will demonstrate that novice 
students can achieve outcomes which are remarkably 
sophisticated in terms of their integration of material, 
climatic and contextual issues. 
The year long process commences with projects which 
highlight critical material parameters of sustainability, by 
restricting the amount or type of material to be used, 
minimising site impact or prescribing low technology 
assembly techniques.  The next group of projects 
concentrates on ideological attitudes to context and 
sustainability, by focussing on temporal and culturally 
sensitive aspects of material, energy and space, such as 
weathering, typological analyses and density.  The final 
project uses two pedagogical ploys to inculcate 
contextual sensibility.  Firstly, it integrates other subject 
streams (of Architecture and Environment, Construction, 
and Design Documentation) with Design Studio, so that 
students apply their emerging technical knowledge 

immediately to their own designs.  Secondly it underpins 
the design process with an innovative unorthodox 
alliance between architecture and food, which provides 
students with an accessible and engaging way to 
consider the multiple aspects of production and 
consumption which pervade their daily lives, and inform 
ecologically ethical architectural practice.   
This paper is structured to initially set the context of 
design education and then proceeds to describe a range 
of projects developed over 5 years refining this 
pedagogical practice.  The projects are grouped 
generally according to the chronological and cumulative 
order in which they might be presented to students. 
 

1. THE CONTEXT OF DESIGN EDUCATION  
 
Design teaching is a specialised area of education, 
mainly because the knowledge and skills students need 
are not only broad—from the pragmatic to the ethical—
but as with any aesthetic endeavour, the elements of 
subjectivity, personal expression and interpretation must 
also come into consideration.  Neither entirely science or 
humanities based, design operates in a realm of creative 
tension between rational systems of knowledge and 
artistic and cultural expressions.  The designer’s path is 
characteristically iterative and requires the critical skill of 
synthesis.  For many students this means a radical 
rethinking of acquired patterns of learning, which are 
often quite linear in progression.  A primary concern for 
beginning students is that ‘designing’, the central and 
critical activity of the program, is an abstract undertaking.  
The focus of the collaborative teaching practice 
described in this paper is to establish a more 
comprehensible base from which to start thinking about 
design, while at the same time providing them with a 
resource that is both culturally sensitive and global.  In 
response to the diversity of the whole student group both 
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in cultural and socio-economic terms, universal devices 
are used to enable students to make analogies between 
the things they inherently understand and the unfamiliar 
realm of design. The use of metaphors from other 
spheres of cultural expression in the description, 
conception and teaching of architecture is a common and 
well-documented tactic (Snodgrass, Coyne, Martin 
1994).  Architectural theorists have analysed this 
strategy and observed how an alliance between the 
design process and an analogous entity informs and 
shapes the architectural discourse, that is, how the 
choice of metaphor influences the nature of the solution.  
These have been described as the ‘hidden entailments’ 
(Snodgrass, Coyne, Martin 1994:114) inherent in the 
choice of metaphor or related field of inquiry. A principal 
tactic is to make the problem-solving nature of design 
tangible through visible or actual material concepts.  
 

2.  MATERIAL PARAMETERS  
 
Despite increasing exposure to virtual environments and 
sophisticated computer modelling of eco-systems, for 
many students the concept of sustainability resonates 
most strongly through modest first-hand experiences of 
domestic recycling, and the dolphin-logo images of 
polemical ‘green’ advertising.  While this might be a 
somewhat superficial appreciation, the notion that 
sustainability is about dealing with a finite and fragile set 
of resources or places, is an accepted understanding 
amongst them and introductory projects reinforce this 
parameter as intrinsic to any design task.  In a 
straightforward evocation of the material limits that 
operate on the global eco-system, the first group of 
projects typically restrict material choice either with a 
prescribed palette of found, local or inexpensive 
materials.  Recycling and sharing of resources is also 
built into these projects, either specifically or through 
fostering group work and collaboration.  An equally 
recurrent theme is the significance of place and the 
importance of minimising site impact.  Consequently 
extensive use is made of off-campus projects, with the 
added benefit of mitigating the potentially intimidating 
educational setting of the studio.  The local environment 
and landscape are used simultaneously as both familiar 
and unfamiliar settings.  For local students this reinforces 
a connection to context, and for international students it 
acts as an introduction to the Australian environment, 
helping to develop sensitivity to place, which can be 
applied with equal validity to their own homeland.  
 
2.1.  At the Beach 
An apparently abstract project required students to build 
architectonic sandcastles or walls along a beach. In 
reality, this project introduced them to the way pre-
existing physical conditions determine solutions.  
Through their attempts to construct free-form or 
modularised walls sited to respond to the formal qualities 
of the seashore, students explored the relationship 
between material and form, between designing and 
making and between design and site.  Restricted to using 
only sand and water, they were required to make a form 
or space which explored any or all of the above broad 
relationships.  The inherent load-bearing and monolithic 
quality of the sand as a building material was impressed 
upon them, and the almost alchemic transformation it 
goes through from dry to wet state (Fig. 1).  Able to bring 
any tools they imagine might help in the task, some 
inadvertently revealed a predilection for the techne of 
design, armed with an extensive assortment of different 
sized buckets, shovels, trowels, rakes, spirit levels and 

spray bottles, while other groups distinguished their 
efforts by precise and specific locating of their work in 
relation to natural features or attempting to respond to 
the tidal dynamic of the water’s edge as a design feature.  
The sand sculptures were left to return to their natural 
state with the change in tide, as a gentle reminder that 
few constructed edifices, no matter how laboured over, 
can withstand the passage of time. 
 

 
Figure 1: At the Beach project.  Students construct sand 
walls and work with limited resources to learn first-hand 

the relationships between material and form 
 

 
Figure 2: In the bush project. Students make 

interventions in bush landscapes with found materials 
exploring structural issues of connection and assembly 

 
2.2.  In the Bush 
Continuing the exploration of place-specific and 
materially restricted design tasks, this project was set in 
an area where natural bush adjoins pine forest 
plantations.  Students were asked to once again use only 
site-specific materials, to make a composition of two or 
more materials that explores and builds upon the beach 
themes. However, where At the Beach explored the idea 
of massing material, this project addressed skeletal 
construction and connection, and the greater natural 
diversity of the site produced a wider range of responses, 
from exquisite spheres of woven grasses suspended in 
the trees, to complicated constructions using great 
shards of bark to define new boundaries and paths. 
(Fig.2)  Students used only low-technology techniques 
and fixings to make their pieces and were asked to leave 
the site as they found it. 
 
2.3.  Nut Case  
A small-scale and short exercise that functions as a 
thematic prelude to the semester-long dine® design 
project (refer Section 4), the Nut Case project required 
students to use a single drink container (e.g. milk carton, 
Coke can, plastic bottle) to construct a container to hold 
a good handful of peanuts (Fig. 3).  They were restricted 
to use only one other connecting non-adhesive material 
(eg string, twine, split pins, staples, paper clips) and rely 
on passive assembly techniques of cutting, folding, 
weaving and layering to achieve structural rigidity and 
closure of the package.  An added stipulation was that 
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no container was to be a health hazard, and the work 
had to be completed in one studio day.  Conducted in 
Week 1of the second semester, the brief was an 
expedient response to the fact that novice students were 
likely to arrive at their first design session studio 
unprepared with materials or equipment, and that to 
efficiently use the time, the project needed to capitalise 
on cheap, easily available and workable materials.  Their 
ability to produce a variety of sophisticated designs from 
relatively humble means, and in a compressed timeframe 
impressed upon them the potentially positive effects of 
limitations.  
 

 
Figure 3: nut case. This project reconstructs drink 

containers to form a receptacle for a handful of nuts. 
 
2.4.  Tent project 
A major project investigates the way architecture 
responds to context, and the relationship of a design to 
its location with respect to climate, materials and 
topography.  In social terms the issues of community, 
habitation and expenditure are addressed through a 3-
day camp at a beach or hillside town close to Adelaide.  
After preliminary investigations of typical tensile and 
portable structures using scale models, students 
designed and fabricated tents on a limited and rigorously 
documented budget of $20 per pair, paying close 
attention to recycled and site-specific materials.  The 
tents were sited against (or for some unfortunate 
occupants, into) the prevailing winds, and students spent 
the night in them.  The process of assessment the 
following morning was made easy. Was the tent still 
standing and were there signs of life?  While most of the 
structural solutions offered were predictably conventional 
(given the enduring typology of the tent as a form of 
shelter) many tents showed outstanding ingenuity with 
materials and construction, utilising in some cases 
second-hand clothing, woven plastic bags or wine cask 
linings in resourceful ways.  
 

3.  IDEOLOGICAL ATTITUDES 
 
The next group of projects extend the students’ 
understanding of design as a complex balancing of 
physical, pragmatic and ideological factors.  
Underpinning these projects is the gradual introduction of 
conceptual principles related to architecture as an 
inherently contextualised endeavour, which by its 
physical form mediates essentially between human 
beings and the natural environment. They also act as an 
internal construct mediating between the built 
environment and humans in societal and cultural 
dwelling.  In this setting, definitions of sustainability are 
expanded to encompass political, cultural and temporal 
implications for the way we use material, energy and 
space.  A particularly pertinent issue for students is how 
the history of collective occupation has produced 
recurrent patterns of habitation, despite different regional 
and climatic conditions, and what can be learnt from this 

in the face of the current homogenising effects of 
globalisation.  Students begin to appreciate that 
‘whenever communities of human beings have 
approached the earth, their built environment, and social 
relations with a sense of reverence, the foundations of 
sustainability have surfaced and woven nature and 
community into a whole cloth via the loom of 
sustainability’ (Levine et al 2003:4).  In addition to an 
introduction to the taxonomy of building and spatial 
types, and the ecological implications of increased urban 
densities, novice students are challenged to think about 
the life-cycle and durability of architecture and material.   
A more subtle and confronting challenge though lies in 
the way these projects based in sustainable precedents 
invite students to question originality and creative 
expressionism as a responsible architectural practice.  
The profession has a pervasive history of celebrating 
heroic individual designers of revolutionary and 
extravagant iconic architecture, in preference to the 
anonymous vernacular builders of low-technology 
settlements.  This program, in contrast, emphasises that 
designing is often enriched by collaboration, employing 
group-based practices and requiring that individual 
design ideas are actively negotiated in situations which 
simulate communal environments. 
 
3.1.  Another brick in the wall 
This series of three exercises focused on the wall as 
both a constructed, compositional and symbolic element, 
so that students could explore the relationships between 
material, making and meaning in one of the most basic 
components of architecture.  The first two stages were 
carried out, in groups of approximately 20 students, and 
required students to negotiate their design ideas with 
their peers.  Designs were fabricated at 1:1 scale, 
emphasising the tangible process of construction.  The 
final stage was individual work and at 1:20 scale.  Each 
stage prescribed a restricted material palette of 
inexpensive or recycled materials and assembly 
techniques.  It used thematic prompts of language, 
metaphor and temporal decay to initiate the creative 
process, and set demanding construction constraints and 
specific material limitations. What may begin as highly 
conceptual compositions, designs were refined through 
the discipline of pragmatic considerations.  
 

 
Figure 4: Wall three projects explore modular 

construction. 
 
3.1.1.  Wall one 
Simon Unwin’s An Architecture Notebook discusses the 
wall as a fundamental spatial element via a series of 
well-known metaphors such as ‘Defending armies have 
their backs to it; athletes hit it; the weakest go to it; 
teachers find themselves talking to it…or putting another 
brick in it…’ (Unwin 2000:13).  With specific reference to 
one of these images, students constructed a modularised 
free-standing wall of 1.8m length and height which 
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responded to and conveyed the selected metaphorical 
idea.  The wall was constructed from material(s) which 
were cheap, readily available and could be worked or 
joined easily.  Suggested possibilities were long twigs, 
plastic cups, flywire mesh, cardboard, plastic bags, 
polystyrene packing, paper plates, disposable cutlery, old 
CDs, vinyl records, or cassette boxes, old circuit boards 
or coat hangers.  Groups experimented individually and 
in pairs and at the end of the first session, the whole 
team selected appropriate components and means of 
assembly.  Each group collectively organised the supply 
of additional materials.  One outstanding example based 
on the metaphor of ‘walls have ears’ used a collection of 
discarded cassette boxes and tapes which were 
deconstructed into irreducible components before being 
meticulously reassembled in a totally different form.  
 
3.1.2.  Wall two 
The second stage introduced the idea that architecture 
and design are material constructions intended for 
habitation and use, and the life of a building element like 
a wall only begins when its construction is complete.  
The process of weathering or use is often seen as 
deterioration, rather than an inherent aspect of material 
existence.  The intent of this stage was to suggest to 
students that sustainable design recognises wear as an 
inevitable and potentially positive aspect of design 
(Mostafavi & Leatherbarrow 1993).  Each group was 
allocated the wall of another tutorial team and, while 
respecting what already existed, were asked to affect its 
construction and form by layering another material or text 
into the walls or by taking away in the manner of erosion 
or weathering.   
 
3.1.3.  Wall three 
In the final part of the project students were asked to 
individually construct a single wall which explored the 
design of a wall through the development of an 
identifiable but flexible module (Fig. 4).  Although the 
context, structural loading and construction remained 
somewhat abstract in recognition of the students’ novice 
status and embryonic skill base, the project impressed 
upon them that sophisticated built form is often the result 
of simple and repeatable production processes.  Through 
the fabrication of a series of scaled white card working 
models, and the replication of numerous basic 
components, often quite complex in crafting, they 
recognised that efficiencies at the micro scale can have 
cumulative effects at the macro scale.  
 
3.2.  Precedent and context studies   
A recurrent preface to any substantial site-specific design 
project is a typological study of context.  These generally 
include several concurrent modes of analysing the 
physical environment, as well as pertinent functional, 
formal and cultural patterns.  For example in a project 
which allowed students to choose from a selection of 
urban or rural environments, they were asked to observe 
and analyse three frames of reference i.e. the broader 
landscape or streetscape, a particular building and the 
material and construction of part of that building.  It was 
essential for them to consider naturally occurring 
patterns of material, topography and light, recording 
them photographically and with sketches over a number 
of visits in order to detect changing temporal conditions.  
Using the succinct methodology developed by Clarke & 
Pause (1996) they were also required to 
diagrammatically communicate specific criteria of the 
place or building, such as structure, circulation to use, 
hierarchy, symmetry, natural vs. artificial light etc.  An 

alternative component to extend the investigation of 
context to a global reading was to ask students to 
examine a similar type of contemporary Australian 
building and one international example in the same 
manner.  
To emphasise the local and micro reading of context, 
students presented constructed material studies, 
composing naturally occurring site textures and colours 
against possible building materials (Fig. 5).  For example, 
they matched a site photograph or collaged study against 
a sample of coated metal, paint swatches, fabric or 
hardware, paying close attention to visual and physical 
characteristics such as reflectivity, porosity and 
malleability.  Because of the complexity of colouration 
and texture found in natural materials, they found that the 
corresponding artificial representations often needed a 
number of allied samples, an observation which 
deepened their respect for the natural environment.   
 

 
Figure 5: Precedent and context studies project.  

Students fabricate material studies from site specific 
materials and match with building materials. 

 
3.3 Shed 
By converting an existing shed to student housing, one 
of the exercises which introduced ideas about 
adaptability and robustness in buildings, was the Shed 
project. It located issues of habitation and orientation in a 
definable built context, and it opened the design process 
to negotiation within a social and cultural context, by 
setting up a hypothetical neighbourhood with ‘real’ 
student neighbours.  Each neighbourhood consisted of 
approximately 4 - 8 other students living in an inner city 
environment, and individual schemes had to be 
developed in conjunction with the studio community.  
Limited to a footprint of 50m

2
, the design for a student 

couple (with bicycles and no car) had to provide 
amenities sleeping, living, eating, food preparation, 
bathing and storage, and needed to reflect the lifestyle 
and budget of a university student.  Schemes were 
tested using three-dimensional working models grouped 
in their neighbourhoods, so that students could quickly 
evaluate the repercussions of their individual design 
moves on the amenity of the community as a whole.  The 
majority of the students have no first hand experience of 
this level of residential density, and commonly hold the 
stereotypical view that urban living is irrefutably 
environmentally unsound.  The project offered a chance 
to discuss the nature of urban consolidation as a strategy 
for sustainable cities, and address social issues such as 
privacy, communality and conformity. 
 
4. INTEGRATING DESIGN AND TECHNOLOGIES 

 
4.1. Gastronomy as an analogy for architecture, 
energy and place 

The culminating 1
st
 year project titled dine® makes 

extensive comparisons with gastronomy.  This analogy 
with the culinary arts provides a much needed 
enrichment of the current view of sustainability in 
architecture.  Unfortunately, many of the advocates of 
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green architecture promote the equivalent of the 
macrobiotic diet – lots of straw and mud and not a lot of 
refinement.  While no-one expects a chef to strive for 
sustainability, there is an increased awareness of the 
value of local, seasonal produce, which can heighten our 
appreciation of the context of its production  
Architectural theorist, Marco Frascari cites August Perret, 
saying that ‘you can become an engineer, but you are 
born an architect’ (Frascari 2003:3); a rephrasing of 
Brillat-Savarin’s aphorism, that ‘we can learn to be 
cooks, but we must be born knowing how to roast’ 
(Brillat-Savarin 1999:4).  The rotisseur knows not just 
how to choose ingredients, but how to bring out their 
flavour and texture through the alchemical transformation 
resulting from the application of heat.  Great architects 
also know how to use heat.  Louis Kahn knew about 
thermal mass; Frank Lloyd Wright knew the importance 
of the hearth; Le Corbusier knew about the sun; and 
Alvar Aalto could make even the coldest Finnish winter 
seem warm.  
But perhaps a more important lesson lies in the 
connection between architecture and gastronomy 
through their common reliance upon energy.  Various 
myths of the origins of culture, from Vitruvius to Levi-
Strauss, celebrate the importance of fire as fundamental 
to both the making of food and the making of place (Levi-
Strauss, 1970).  Timber made available from forest 
clearing can be allocated to building or burning, but not 
both.  Cooking can improve our intake of energy by 
making food easier to digest; building can improve our 
use of energy by reducing loss of heat.   
Currently in the West, per capita energy consumption is 
roughly 100 times what is actually needed to keep our 
body working – the calorific energy consumed in the form 
of food.  About half of that total energy use goes towards 
the construction, operational and maintenance of the 
built environment.  This means we invest about 50 times 
more energy in our buildings than our bodies; giving 
architects much more influence when it comes to saving 
energy.  Whether we can do so, however, depends in 
large part on the tastes of our clients.  In Australia, we 
are proud of our culinary multiculturalism, a wonderful 
blend of Mediterranean, Asian and Middle Eastern 
flavours, a sensibility that this teaching methodology 
builds on as a thematic underpinning. 
 
4.1.1.  dine® & typologies of food 
The dine® project asked students to design a café and 
adjoining residence by the sea (Fig. 6). They approached 
the design task using food as a metaphorical prompt for 
their proposals by examining the production, assembly, 
composition and sensual enjoyment of food in 

relationship to the process of architectural design, and 
the experience of inhabitation.  Students were required 
to consider three significant values of a foodstuff: first its 
defining characteristics: for example its peculiarities, 
mass and whether it was a self contained element or part 
of a whole; second, its physical characteristics: the form 
(as a whole or in section), structure, texture, centre of 
gravity, viscosity, alchemic transformative qualities and 
third, the cultural and social significance of it, origin and 
regional or temporal specificities. 
In the next phase students reflected on the technological 
aspects of the food and its production, either the 
procedures involved from a natural to processed state or 
the methods involved in its progression from 
source/kitchen to consumption; that is, what does it use 
in raw material and energy, what manual labours or 
mechanical devices are used and what effects are 
generated?  Is its original condition still evident or has 
the food completely altered in state?  Students 
investigated where the food came from; what were the 
essential climatic and environmental conditions; were the 
foodstuffs natural or artificial; and how extravagant the 
use of non-renewable resources of energy in its creation 
or production.  And finally, how does the food respond 
with the addition of other elements or subtraction of its 
parts?  These analogies made apparent to students the 
procurement, production, preparation and consumption 
of food are inextricably linked to environment and 
sustainable enterprise.  It became patently obvious to 
students that the universals of food and architecture 
cross over multi-disciplinary barriers of human and 
natural sciences; each is mutually dependant on an 
ecological balance. 
 

 
Figure 6: dine®. Food was used as an analogous 

prompt in the design of a café and residence 

 
Table 1: Integrated 1st Year Program Schedule 
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4.2.  Integration of technology 
In addition to this profound thematic to link design and 
environment through an alliance with food, the dine® 
project was pedagogically structured as the focus for 
other first year subjects of construction, technology and 
communication.  It encouraged a realistically integrative 
approach through an incorporation of scientific and 
technical material and a constant revisiting of design 
decisions, emulating the multi-disciplinary nature of 
professional practice even at this introductory stage of 
tertiary study.  This integration effectively coordinated 
site visits, avoided duplication of content and clashes in 
submission dates (Table 1).  The assimilated design 
process included investigations of existing contemporary 
Australian buildings using atypical and archetypical 
examples (refer Section 3.2.).   
The site visit was conducted in conjunction with the 
Architecture and Environment, Design Construction and 
Documentation courses.  There, the students studied, 
identified and recorded naturally occurring patterns of 
material and weathering, topography, light, sun shading 
devices, prevailing wind directions, predominant 
structural materials and the various construction forms 
and natural elements as a practical resource which 
informed their semesters projects for all core courses.   
As the designs were sited on an active corner of the 
foreshore, students had to reconcile their desire to orient 
both buildings towards the sea and views (due west) 
while addressing issues of habitation, access and 
urbanity (Fig. 7 + 8).  As an objective of the Architecture 
and Environment course they were required to draw 
plans and sections of their proposed buildings to indicate 
critical shadow projections at various times for both 
summer and winter solstices in an exercise to prove to 
them that sun shading actually works.  Additionally, they 
were asked to calculate heat gain/loss for their building; 
calculate percentages of window/wall areas and 
window/floor areas; estimate annual energy 
consumptions and describe passive thermal design 
strategies used in their diner and residence.   
 

 
Figure 7: dine® Students had to consider accessibility, 

orientation and urbanity in the siting of their design. 
 

 
Figure 8: dine®.  Students integrated lightweight 

construction and environmental studies into the design of 
café and residence. 

In the alliance of the construction course, students 
applied their knowledge of lightweight construction into 
their design proposals beginning with footing design and 
concluding in the roof design.  The development of three-
dimensional balsa wood models in this subject mirrored 
construction stages from framing through to cladding, 
insulation and second fixings.  

 
CONCLUSION 
 
As a result of this iterative and pragmatic balancing of 
projects, students are able to make logical and 
comprehensible associations between the technological 
and creative processes of design.  Further, the 
cumulative nature of this process allows students to 
grasp the holistic manner in which a building is 
conceived and resolved.  By the completion of their first 
year with such integrative projects as dine®, their work 
has a high degree of technical resolution in terms of 
construction, fenestration, sun shading and permeable 
boundaries.  Because of the continued negotiation 
between creative design exploration and practical 
parameters, this achievement does not come at the 
expense of complex sensory material expressions or 
innovative spatial geometries.  Particularly rewarding is 
the way many will have dealt with issues of thermal 
massing, mediation between internal and external 
spaces, context and landscape, treating their sites with 
the appropriate level of respect and responding to the 
idiosyncratic contexts of architecture and climate with 
sophistication.   
The integration of technology courses through the design 
studio is common to many problem-based pedagogies, 
and makes logical sense to students.  Some of the other 
modes of incorporating responsible and sustainable 
architectural action may strike them as unorthodox, or 
not even occur to them as directly linked to the content of 
contemporary ecological debate.  However if there is an 
element of subterfuge in this practice, it is based on the 
observation that students are most motivated by projects 
which engage them in tangible ways, either through 
physical acts of making, off-campus experiences or 
things that relate directly to their senses or popular 
culture in the way that food does.  If ‘sustainability is 
about having sufficiently high degrees of diversity and 
self-determination so that stakeholders are able to 
negotiate among themselves their own sustainable way 
of life whose only constraints are the limits of nature, 
appropriate technology and their own traditions and 
creativity’, as suggested by Levine (2003), then this 
methodology is appropriately couched.  It seeks to 
embed the fundamentals of sustainable design at a 
beginning level of study though a subtle incorporation 
and reinforcing of core issues, always directed at 
achieving inspired and thoughtful design responses.  In 
this way students are encouraged to take on issues of 
sustainability not as an optional extra or a side dish, but 
as a staple ingredient of all design endeavours.   
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ABSTRACT: The Engineering and Science Research Council of the UK, who are the major funding 
agency for new scientific research, once said that nothing could be learned from a single 
demonstration project. Experience, however, with real projects that attempt to further knowledge about 
buildings and environment suggests that they are significant aids to teaching, and students become 
enthused because they see teachers engaged with what they perceive as ‘real’ research. This paper 
proposes that teaching based on first hand experience of environmental technologies offers significant 
advantages for enthusing students about the issues involved. Three examples will be discussed; two 
high mass highly insulated houses in the UK; and a house designed to gain all its electricity from a 
photovoltaic roof in NZ. For each case what can be learned from single examples in terms of the 
teaching of environmental science and construction to architectural students will be discussed. 
Conclusions will then be drawn about what can be usefully learned from single projects. 
 
Conference theme: Architectural education 
Keywords: sustainable, building, teaching, learning 
 
 

INTRODUCTION 

 
As architects it is difficult to gain research funding for 
constructing and monitoring actual buildings, however, 
innovative these may be. One of the reasons given for 
this difficulty is the fact that it is not possible to learn 
much from a single building. This leaves two options, 
trying to persuade clients to invest money in untried 
design or borrowing money to build an experimental 
building for oneself. As the examples below reveal, if 
architects build for themselves first this can lead clients 
to follow. In a degree subject, such as architecture, 
which by definition has to be research led, the lack of 
funding means that learning from buildings cannot be a 
primary research activity. This seems a great pity, as 
there is much that students can gain from contact with 
real building projects that attempt to do something other 
than the conventional, as this paper will attempt to show. 
Three schemes are discussed. All attempt to increase 
knowledge of making and operating sustainable 
buildings. All have been used in teaching. 
 

1. THE AUTONOMOUS HOUSE 
 
This first example of a more "sustainable" building was 
built in 1993 in a designated Conservation Area near the 
centre of Southwell, a small town in Nottinghamshire, 
England. The site was a piece of an existing garden and 
has a total site area is about 600m

2
. The site has an 

annual rainfall of about 570 mm. (Page et al eds. 
1986:245). Other details of the site (latitude, degree 
days, annual sunshine hours) are given in Table 1. The 
house is designed to be self-sufficient in energy, water 
supply, sewage treatment and waste water disposal, and 
is connected to no mains services except the telephone, 
and electricity, so that it can export surplus solar power 
to the National Grid. None of these aims could be said to 
be new. Many rural houses have existed independent of 
water and sewage reticulated services. Houses have 
also been built which generate all their own power from 
renewables, such as the earlier Vale house conversion 
near Ely, Cambridgeshire, which gained its energy from 

a 5 kW Swiss aerogenerator (Vale 1976) However, what 
was new was the attempt to make a house that required 
no auxiliary heating in the UK climate and that also 
collected renewable energy in the middle of a small 
town. This required revision of all details for walls, roof, 
floor and windows. Although a 600m2 site is generous by 
UK standards, this was the smallest UK site to attempt to 
process its own wastes since Graeme Caine’s Ecohouse 
(Harper et al eds. 1976:170-1) The Autonomous House 
also had to fit in with the buildings around it. The aim 
was to make a house that would last for 500 years, and 
hence it was to be as traditional as possible.  
 

Table 1: Table of comparative 
weather data 

 la t i t ude  
annual heat i ng 

degree days  to  18oC  

annual 
suns hine hours  

Not ts ,  UK 53 05 N 3344 1296 

Auck land NZ 36 51 S 1151 2102 
Source: (Page  et al eds.1986:176, 245; Ministry of Transport 1978:159; 
Government Printer, Wellington and Ministry of Transport undated:177) 

 

1.1. Construction 

In addition to minimising the environmental impact of its 
operation, the Autonomous House was designed to 
minimise the impact of its construction. For example, the 
excavations were backfilled with broken brick from 
nearby demolition sites, rather than with newly-dug 
stone; the concrete blocks for the cellar were made of 
waste ash from the local coal-fired power station; the 
driveway was made of mining waste; the porch was 
roofed with recycled slates and the bricks for the external 
walls were fired with landfill gas from decomposing 
garbage. Lime whitewash was used internally and 
German organic stain externally in place of conventional 
paints. None of the timber used had any preservative 
treatment, and internal woodwork was left completely 
unfinished. The choices of internal finishes were made to 
reduce the possibility of poor indoor air quality due to the 
off gassing of solvents and other paint components. 
Externally, stain was used only where absolutely 
essential for protection. All heavy materials were sourced 
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from as close as possible to the site to minimise 
transport energy demands. 
The Autonomous House is traditional in construction and 
appearance, in keeping with its historic setting. Living 
rooms are placed upstairs to gain better daylight above 
the dense planting on the site perimeter, with bedrooms 
and bathrooms on the ground floor. The floor area of the 
heated space is 176 m

2
, but the total area of the house, 

including a full cellar and a double height double glazed 
conservatory, is 290 m

2
. The total cost of the house, with 

all its servicing systems but excluding the land, was, at 
the time of construction, approx NZ$400,000. This cost 
was comparable with that of a conventional house of 
similar size, but it should be noted that houses in the UK 
tend to be smaller than either of the examples here.  
The embodied energy of a low energy house may be 
greater than that of a conventional house, due to the use 
of increased levels of fabric insulation, high mass 
construction, advanced glazing, etc. In an attempt to 
reduce the impact of the embodied energy on the 
lifecycle impact of the building it is beneficial to design 
for a long life. This meant the house was detailed to 
minimise maintenance, with no exposed external 
woodwork except the window frames, and the exterior is 
built entirely of fired clay bricks and tiles, with copper 
guttering and downpipes. The idea of a house that lasts 
500 years is not unreasonable in Southwell, which is 
dominated by the 1,000 year old Southwell Minster, a 
Norman cathedral still in daily use for the purpose for 
which it was built. 
The Autonomous House was deliberately designed to be 
thermally heavy, but the thermal mass is achieved by 
using the basic elements of construction, without 
increased thicknesses beyond those needed for 
structural reasons. The principal mass strategies are to 
make the inner leaf of the external brick cavity walls out 
of dense concrete blocks; to use dense blocks for the 
loadbearing internal walls, and to make all the floors of 
concrete, using a standard prefabricated beam-and-
block system. Masonry cavity walls are the norm for UK 
house construction, as are concrete ground floor slabs. 
Table 2 below shows the masses of the various 
elements and their thermal storage capacity. 
 

Table 2: Thermal mass in the 
Autonomous House 

element  mass  the rmal s to rage 

concrete floors   51.5 tonnes 14.2 kWh/K 
wooden roof decking    5.5 tonnes 4.2 kWh/K 
exterior walls   35.7 tonnes 10.0 kWh/K 
internal masonry walls   34.0 tonnes 9.5 kWh/K 
internal wooden partitions    0.4 tonnes 0.4 kWh/K 
total for house 127.1 tonnes 38.3 kWh/K 

0.72 kg/m2 0.22 kWh/K/m2 (0.78 MJ/K/m2) 

 
1.2. Servicing 
The mass is made relevant by the fact that the house is 
extremely highly insulated (for example, 500 mm thick 
roof insulation, triple glazed low-emissivity windows with 
krypton gas filling) to retain heat in the building fabric and 
to make use of incidental heat gains from the sun and 
the occupants. Space heating is the major energy use in 
an average UK house, with a seven month heating 
season, running from the beginning of October to the 
end of April. The high insulation levels in the 
Autonomous House give a total specific heat loss 
(including ventilation) of 110 Watts/K, or 0.63 W/m

2
K 

(0.26 W/m
3
K). A small 4.5 kW woodburning stove is 

provided in the ground floor hall as a source of auxiliary 
heating, (in January 1996 there was a period of three 

weeks when the sun did not appear at all) and to provide 
a focal point at the entry. 
The Autonomous House provides its own servicing in 
spite of its urban setting. Rainwater is collected from the 
house roof and that of the conservatory to form the only 
water supply. This water is stored in 20 recycled Israeli 
bulk orange juice tanks, each holding 1,500 litres, in two 
of the four bays of the cellar. It is filtered before being 
pumped to the house, and wastewater (containing only 
soap) is allowed to seep back into the soil via an 
underground soakaway pit. Water demand is reduced by 
the use of a waterless composting toilet serving the two 
bathrooms, meaning that no sewer connections are 
needed.  
Electricity is generated by thirty-six 60 Watt Solarex 
polycrystalline photovoltaic panels mounted at a slope of 
45 degrees and facing due south (because the site is in 
the northern hemisphere) on a pergola of untreated 
English oak running across the rear garden. The 2.2 kW 
panel array is grid-linked through a German SMA 1.8 kW 
inverter, so that surplus solar electricity can be supplied 
to the local community, and power can be drawn from 
the grid at night or on overcast days. Inverter undersizing 
relative to array size is recommended in the UK for 
maximum efficiency because there are very few days 
when the array will give its full power. The Autonomous 
House was the first grid-connected solar house in the 
UK. The whole pv system including the inverter and 
installation, cost about NZ$40,000 (10% of the cost of 
the house) and it is included in the cost of the house 
given above. This cost is comparable to that of a medium 
sized car, and it is not directly cost-effective compared to 
the present price of electricity. However it can be pointed 
out that the photovoltaic panels have a 20 year 
guarantee so they could be considered a better 
investment than a car for the same money. 
 
1.3. Performance 
For the year beginning July 28, 1994 (when the pv array 
was first switched on) the Autonomous House used a 
total of 3,115 kWh/year of electricity, of which 1,615 
kWh/year was generated from the photovoltaic array; a 
yield of 748 kWh per kW of array capacity. This is in 
spite of three weeks of grid over-voltage in May 1995, 
which caused the inverter to shut down. Electricity is 
used for water heating, cooking, lights and appliances 
and water pumping and sewage treatment. A "typical 
household" in the UK uses 3,000 kWh of electricity per 
annum for lights and appliances alone. (Boardman 
1995:2) The Autonomous House, by comparison, uses 
only 8.5 kWh/m

2
/year of non-renewable energy for its 

total energy needs, which represents 1,500 kWh of 
mains electricity, the remainder being derived from the 
pv array.  
Over the winter of 1994-1995, from the end of October to 
the end of February, the house used 315 kg of wood for 
space heating, which represents about 1,400 kWh of 
delivered energy, or about 8.0 kWh/m

2
 of heated area. 

The temperature in the living room reached a low of 16
o
C 

in mid-January, 1995, and then rose to a maximum of 
27

o
C in the very hot August of 1995. The temperature in 

the principal bedroom never rose above 23
o
C over the 

same summer period.  
 
1.4. Contribution to Teaching 
The construction methods used formed the basis of 
discussion in construction lectures. In the UK the need to 
avoid cold bridging is important and the design of high 
mass and high insulation details to achieve this can be 
compared with conventional construction methods. This 
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engages the student not in being told what to do when it 
comes to the construction of the wall, but in considering 
how that construction has been changed to achieve 
another goal. This is putting the student in the position of 
having to think through the details, which is the most 
useful skill for any architect. What is being learned from 
a single building is not what to do to achieve zero 
heating in the UK climate but how to think about 
designing for zero heating. What parameters are 
important? What must be considered? What is 
expensive? What is easy to construct on site? The fact 
that the plan of the Autonomous House was based on a 
repeated bay construction saved money because there 
was only ever one length of precast concrete floor beam 
to deal with.  
Although it was not possible to obtain funding to monitor 
the Autonomous House because the finding body said 
nothing could be learned from a single example, some 
measurements were taken and these were also useful in 
teaching. The winter heating performance was compared 
with theoretical comfort targets:  

It is generally accepted and axiomatic that the design of a 
building must suit the climate. Climatic design must start with 
the setting of appropriate design indoor conditions. A 
progressive school of thought recognises that the 
temperature perceived as comfortable varies with the climate 
and with the season. The theoretical 'neutrality temperature', 
the mid-point of the comfort zone, can be found as: 
Tn =  17.6 + 0.31 x Tav 
where Tav = mean outdoor temperature of the month; 
provided that the result is between 18.5 and 28.5

o
C (some 

authors suggest 17 and 30
o
C as the limits). 

The width of the comfort zone can then be taken as 4 
degrees, ie from Tn - 2 to Tn + 2

o
C. Setting the indoor design 

temperatures in this way would already lead to energy 
conservation. (Szokolay 1992:43) 

The figures given here would suggest a possible lower 
limit for the comfort zone of between 15 and 16.5

o
C. 

Szokolay's formula can be used to calculate a set of 
monthly comfort temperatures for the autonomous 
house, using the temperature data for the autonomous 
house site, as shown in Table 3 below. 
 

Table 3: Monthly 'neutrality temperatures' 
for the Autonomous House (winter only 

1995-1996) 

month Tav Tn Tn–2 

ave rage re co rded 
in l iv i ng room for 

month 

Oct 10.7oC 20.9oC 18.9oC 22.4oC 
Nov 6.5oC 19.6oC 17.6oC 18.3oC 
Dec 4.5oC 19.0oC 17.0oC 18.0oC 
Jan 3.3oC 18.6oC 16.6oC 17.7oC 
Feb 3.5oC 18.7oC 16.7oC 17.7oC 
Mar 5.7oC 19.4oC 17.4oC 17.3oC 

 
Showing how a concept of neutrality temperatures can 
be used to investigate the comfort of a house with no 
fossil fuel energy input demonstrates that environmental 
science can have direct applications for real buildings, as 
in terms of Szokolay's criteria, the Autonomous House is 
meeting adequate comfort standards. It is this use of 
scientific concepts on an unusual building, with results 
that cannot be found in textbooks, that can make 
environmental science more of a voyage of discovery for 
the student. The same idea can be applied to the overall 
results of the Autonomous House. 
The overall performance figures of the Autonomous 
House can be compared to an average UK house as 
shown in Table 4 below. 
 

Table 4:Annual delivered energy and water consumption 
 Autonomous Hous e UK ave rage 

floor area 176 m2 82 m2 
space heating 1,400kWh (8.0kWh/m2) 12,900kWh (157.3kWh/m2) 
water heating 1,900kWh (10.8kWh/m2) 5,700kWh (69.5kWh/m2) 
lights, appliances, 

cooking 
1,200kWh (6.8kWh/m2) 3,000kWh (36.6kWh/m2) 

total consumption 4,500kWh (25.6kWh/m2) 21,600kWh (263.4kWh/m2) 
renewable energy inputs  
wood 1,400kWh (8.0kWh/m2) nil 
solar electricity 1,600kWh (9.1kWh/m2) nil 
total non-renewable 

energy 
1,500kWh (8.5kWh/m2) 21,600kWh (263.4kWh/m2) 

water use  34 litres/head/day 160 litres/head/day 
Source: Shorrock et al 1992; Bell et al 1994:12; Field 1998:22-4; Twort et 

al 1993:6 

 
The carbon dioxide emissions from the Autonomous 
House relate only to its mains electricity use, (it also 
uses a few hundred kg of wood, but wood is a net zero 
CO2 fuel) and amount to 5.0 kg/m

2
 per year, (885 kg for 

the whole house) compared to a conventional UK house 
which will have a CO2 emission of around 100 kg/m

2
 per 

year (8,200 kg) (Evans 1997: Prior et al 1991:6) The 
planned installation of a heat pump for domestic hot 
water supply, taking heat from the exhaust air of the 
sewage composter, would reduce the annual CO2 
emission and the annual fossil fuel consumption of the 
Autonomous House to zero. However, domestic hot 
water heat pumps were not available in the UK at the 
time the house was built, so this piece of equipment has 
not yet been fitted. This information was used with 
students as a background to discussion of what the aims 
should be in making sustainable houses. This goal will 
be impossible to achieve without setting targets against 
which to measure building performance achievement. 
Using energy and CO2 as measures makes students 
realise the importance of doing energy calculations to 
see whether a building is likely to meet its targets. The 
importance of post occupancy evaluation is also 
stressed.  
 

2. THE HOCKERTON HOUSING PROJECT 
 
The first group of autonomous houses to be built in 
Britain has been built at Mystery Hill, Hockerton, about 5 
kilometres north of Southwell. The houses are owned by 
a cooperative, and rented to the individual members, 
with a series of constraints written into the leases 
covering such matters as the number of fossil fuelled 
vehicles (one vehicle only, of any type) that may be 
owned by each household. Energy, water and sewage 
treatment are provided by autonomous zero carbon 
dioxide systems. Food is grown on site using 
permaculture techniques. The project, which was 
instigated by Nick Martin, the builder of the Autonomous 
House at Southwell, and designed by Brenda and Robert 
Vale, consists of five earth-sheltered single storey 
houses set into a slight south slope on the edge of the 
small village of Hockerton.  
 
2.1. Description 
The houses were based on a simple modular bay 
structure repeated to form a continuous terrace for ease 
of construction and minimisation of cost. They are of very 
high mass construction with 200 mm thick concrete block 
crosswalls on a 300 mm thick loadbearing concrete slab, 
and a concrete beam-and-block roof at a 10 degree 
slope. The external walls are 500 mm thick, using 
concrete blockwork as a formwork to contain mass 
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concrete. The concrete structure is surrounded by a 
welded membrane of pure polyethylene, and insulated 
with 300 mm thick expanded polystyrene, which also 
extends under the whole floor slab. Topsoil 400 mm thick 
covers the roof. The north side of the houses is buried in 
the ground, as are the ends of the terrace. The buried 
construction reduces weathering effects on the insulation 
and waterproofing membranes, and should lead to a long 
life for the structures, which are inherently very durable.  
Each house is in the form of a long thin rectangle facing 
the sun. The house is 6 metres deep and about 19 
metres long. The plan gives all rooms direct exposure to 
the sun. The south (sun facing) side of the houses is 
open, with each room having a French window 3 metres 
high, triple glazed with low-emissivity glass and argon 
gas filling. The French windows give into a conservatory 
glazed with double low-e glazing. A typical house has a 
floor area of 122m

2
, plus a conservatory of 47m

2
. The 

plan is arranged to provide three bedrooms, a bathroom, 
living room, kitchen/dining room, hall and storage, plus a 
porch and wc.  
 
2.2. Performance 
The houses are designed to need no space heating. The 
insulation and the thermal mass, coupled with the gains 
from the conservatory and the buffering effect of the 
earth sheltering provide comfortable conditions. A heat 
recovery ventilation system using energy-efficient 12 Volt 
dc fans allows airflow through each house to be 
maintained as necessary without excessive heat loss, so 
that a ventilation rate of 0.5 air changes per hour will 
have the heat loss potential of only 0.15 air changes per 
hour thanks to the 70% efficiency of the heat exchanger. 
In summer, excess heat from the conservatories is 
vented passively through large opening windows in the 
roof, combined with opening windows in the glazed 
walls. 
Domestic hot water for each house is provided by an air-
to-water heat pump which uses the air from the 
conservatory, pre-heated by the sun, for its heat input. 
The heat pump feeds a 1,500 litre insulated hot water 
store, so it can be run at periods when solar gain is 
highest to maximise the coefficient of performance. The 
heat stores are situated in the back of each house so 
that any heat losses can contribute to the heating of the 
space. 
The thermal mass of the Hockerton houses is about 2.3 
tonnes per square metre of heated floor area (excluding 
the conservatory), (compared with 0.7 tonnes/m

2
 for the 

more conventional Southwell Autonomous House), 
giving heat storage of 0.6 kWh/m

2
K (2.3 MJ/m

2
K). Lund 

(1993) said that a superinsulated house in northern 
Europe needs 100m

3
 of concrete to provide sufficient 

thermal storage to achieve zero heating without solar 
components. In a typical UK size house this would result 
in storage of about 2.0 MJ/m

2
K, so the Hockerton houses 

have exceeded this target and can achieve comfortable 
conditions with no additional heat input. The houses 
were first occupied in December 1997, the middle of the 
northern winter, and temperature measurements in the 
first occupied house showed a minimum of 16

o
C, with 

the average indoor temperature rising steadily as the 
winter ended. Given that the high mass concrete 
construction did not dry out for at least a year, and given 
that there is no heating system in the houses, this is an 
impressive performance. Summer overheating was not a 
problem in the 1998 summer. The average internal 
temperature for November 1998 (recorded in the living 
room of one of the houses at 8.00 am each morning) 
was 20.6

o
C. This can be compared with the average 

November temperature of 18.3
o
C for the lower-mass 

Autonomous House from Table 3. 
 
2.3. Renewable Energy Supply 

Electricity supply for the five houses comes from a grid-
connected wind turbine with a rated output of 5.5 kW. 
This was the subject of a separate planning application 
which took four years to be approved. The wind turbine 
is supplemented with a 7.5 kW array of photovoltaic 
panels.  Annual output from the wind turbine is estimated 
to be 8,250 kWh and from the photovoltaic panels a 
further 6,400 kWh, giving a total of 14,650 kWh. The 
target electricity consumption for each house was 8 kWh 
per day or 2,920 kWh per year. The annual measured 
electricity consumption for a family of four in the 
Autonomous House was 3,115 kWh without the use of a 
heat pump for hot water provision, so the Hockerton 
target should be feasible, The target represents a total 
energy demand for the five houses of 14,600 kWh It is 
likely that this will be achieved only by careful energy 
conservation on the part of the residents, but they are 
committed to the project and are likely to achieve the 
target. The Hockerton houses were measured soon after 
they were built as using approximately 4,000 kWh per 
annum, per house. (BRECSU 2000: 5) This would give a 
total consumption of 20,000 kWh per year. Current plans 
are to install a second wind turbine, of similar size to the 
first one, in order to provide surplus power for a new 
building planned on the site, and to ensure that there is 
also electricity to charge the group's shared electric car 
(a Peugeot 106).  
The cost of the houses was about NZ$270,000 for the 
basic structures and the water, sewage treatment and 
energy supply systems. This makes a cost per square 
metre of usable floor area of $1,600 which seems 
reasonable for a house with no running costs. In fact the 
cost of the Hockerton project is comparable to that of 
conventional housing in the UK. (Michaelis et al 1998:49) 
The additional insulation and energy measures are 
affordable because they remove the need for a 
conventional central heating system, which would cost 
several thousand dollars in a normal UK house of this 
size.  
 
2.4. Contribution to Teaching 

The results from the Hockerton scheme were used in 
construction and environmental science teaching as 
described above for the Autonomous House. In 
particular, the use of high mass and highly insulated 
construction has been shown to be impossible to model 
for the average modeller using conventional software. 
(Mithraratne et al 2004) This is a case where the actual 
results have led to further investigation of how to model 
behaviour. One off shoot has been the proof of a rule of 
thumb for designers. The level of mass will determine the 
damping of the internal temperature swing, irrespective 
of the insulation level. In contrast the level of insulation 
determines the average internal temperature irrespective 
of mass. (Mithraratne et al 2003) Using both together is 
essential to achieve houses with internal comfort and no 
fossil fuel heating in both the UK and NZ climates. 
However, the Hockerton houses have also been used to 
discuss community based issues, particularly that of 
transport. Looking at total CO2 emissions including 
transport for the Hockerton settlement, makes clear the 
contribution that buildings can make. For a country like 
New Zealand, the reduction of energy use in 
transportation is a far more serious problem than the 
reduction of domestic energy use. However, because the 
latter is easier to do, it makes clear the responsibility of 
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architects where the aim has to be to minimise energy 
use in every new and converted building, not just those 
which attract the label of being sustainable, otherwise 
the problem is perpetually increasing. 
 

3. 20 KARAKA ROAD 
 
The two projects in the United Kingdom described above 
are new buildings, but worldwide the existing stock of 
buildings presents a far greater challenge for increasing 
sustainability. The building and construction sector is 
now increasingly known as the “40% industry”: 40% of all 
energy and material resources globally are used to build 
and operate buildings; 40% of CO2 releases come from 
building construction and operation; and 40% of total 
wastes result from building and demolition activities. 
(IETC 2001) The rate of new construction creates a 
small part of the total stock of buildings each year. Even 
if all new buildings were to be built in a way that made 
them totally sustainable (however that might be defined), 
nothing would have been improved. It is only by 
modifying existing buildings that it will be possible to 
effect improvements in sustainability at a national or 
global level.  
In order to see some of the implications of making 
existing buildings more sustainable, conversions are 
being carried out to an existing single storey three 
bedroom house on Waiheke Island, in the Hauraki Gulf 
off the coast of Auckland, New Zealand. The floor area of 
the house is 91m

2
. At the time of purchase the cost of 

the house was equal to the median value of a house in 
the Auckland area, making it representative of the 
“average New Zealand house”. Waiheke Island has a 
population of about 8,000 people but it has no mains 
water or sewerage system, so all houses obtain their 
water supply either from a tank to collect rainwater from 
the roof, or from a borehole. The house at 20 Karaka 
Road has a 25,000 litre rainwater tank. Sewage is 
treated in a conventional septic tank, with the overflow 
running to a large area (500 m

2
) of native bush land.  

The house is built of light timber framed walls, with a 
timber floor and timber roof trusses. This form of 
construction is common to by far the largest majority of 
New Zealand houses. The walls, of 45mm x 90 mm 
framing, are lined internally with plasterboard and 
externally clad with profiled steel sheet, and they 
incorporate 90 mm thick glassfibre insulation. The floor, 
of 19 mm chipboard on timber joists, is insulated with 
reflective foil. The roof trusses support a shallow pitched 
roof covering of profiled steel sheet, and there is 100 mm 
thick glassfibre insulation laid on the flat plasterboard 
ceiling. The windows and doors are all aluminium framed 
and single glazed. 
 
3.1. Possible Improvements and Teaching 

Contribution 
To increase the insulation and overall energy 
performance of this house is possible, but there are only 
certain things that can be done without needing a 
complete reconstruction, which is deemed inappropriate 
given that the house is only three years old and in good 
condition. The project is therefore designed to 
investigate only things that could be added to the house 
with minimum disturbance. This has meant that this 
house has been used as a simple steady state modelling 
exercise for students to determine what should be done. 
The following were the recommendations. 
Roof insulation will be added to increase the R value 
from 2.4 to 4.8 and insulation under the existing timber 
floor will increase the R value to 4.8. Both these 

measures can be carried out without disturbance to the 
house, as the roof and floor voids are easily accessible, 
whereas to increase the wall insulation would require 
removal of interior or exterior linings, which would be 
both expensive and disruptive to the occupants. 
Insulated shutters will be fitted to the interior of existing 
windows to increase insulation value at night. This 
measure will reduce heat loss through the glazing during 
the night, when it is most critical in a house of low 
thermal mass. Houses in the Auckland area tend to be 
adequately warm during the day but cool rapidly when 
evening falls because they have little thermal mass to 
store the solar gains received during the day. The use of 
insulated shutters which can be closed across the 
windows at night to reduce heat losses is likely to be 
cheaper than the replacement of the existing windows 
with double glazed ones. 
It is estimated that the Space heating load of the house 
will be reduced to approximately 2,000 kWh per year by 
the use of these measures, from an estimated current 
total of 3,300 kWh 
Installing a solar water heating system will reduce the hot 
water energy demand from the current estimated figure 
of 3,300 kWh per year to approximately 1,000 kWh.  
Replacing all lights with compact fluorescent lamps; 
providing an ultra-low-energy refrigerator-freezer; and 
washing all laundry in cold water using a low-water use 
front loading washing machine is estimated to reduce the 
lights and appliances load of the house from the current 
estimated figure of 3,300 kWh per year to 2,000 kWh.  
Total energy demand for the house after the 
implementation of all the energy conservation measures 
described above is expected to be 5,000 kWh per year. 
Such an approach means students can follow the 
monitoring of the measures suggested and compare 
these to modelled estimates. Carrying out the details, 
again gives an area for discussion of appropriate details. 
 
3.2. Renewable Energy Supply 
This is provided by a solar photovoltaic system installed 
on the existing north facing roof. The photovoltaic system 
comprises 36 monocrystalline photovoltaic panels, each 
of 120 Watts nominal output, giving a total array size of 
4320 Watts. The panels are arranged in two strings, 
each of 18 panels, and each connected to a 
synchronising inverter. Both inverters are linked to the 
electricity grid through import/export meters, so that the 
house can draw electricity from the grid at night, and 
export surplus solar power during the day. This system 
both avoids the use of batteries, which are highly toxic, 
and also makes maximum use of all solar power that is 
generated. In New Zealand, which obtains roughly 70% 
of its electricity from hydroelectricity, the lakes that feed 
the hydroelectric generating stations can serve as 
storage "batteries" in the system, storing water so that 
power can be generated when the solar energy input is 
insufficient. The financial cost of all the alterations to the 
house will represent about 20% of its current value. 
However, because the house will be rented, the cost can 
be written down over the life of the solar panels, ensuring 
there are savings to replace them at the end of their life. 
At present private owners are not able to do this, which 
raises questions about the tax structure of renewable 
energy supply. 
 

4. CONCLUSIONS 
 
A single building will obviously not give the same results 
as monitoring a large sample of the same building type 
occupied by a cross section of society. However, the 
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single building can be used as an adjunct to teaching to 
give the theoretical a basis in reality. It is probable that 
the students who helped Graham Caine assemble his 
Ecohouse learned more from handling one real building, 
even if that building was never replicated, than from only 
considering the same ideas theoretically. Although 
insurance conditions now make it very difficult for 
students to become builders on such projects, using data 
and examples from the real world, that they can go and 
see, is an essential way of challenging why things are 
done, rather than accepting what is done. Here, a single 
building is an effective tool, and much can be learned. 
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ABSTRACT: Many students perceive the topic of architectural science and technology as being 

overtly mathematical and quantitative. It is considered a “hard” topic within the design course and as 
such demands teaching strategies to meet these negative perceptions. Part of the challenge is to 
understand the type of student you are teaching and gain an appreciation of how they learn.  
To this end, the authors undertook a survey into the communication style of students across the five 
years of the course from the School of Architecture at Unitec in Auckland New Zealand. The study 
used a survey instrument developed and adapted by the authors from earlier work by Casse (1981) 
designed in part for cross-cultural communication. This instrument classified each of the 242 

architectural students surveyed according to the four communication orientations of Action, Process, 
People and Ideas.  
The study was then extended to include the Schools of Engineering and the School of Construction 
students at Unitec, a total sample size of 492 students. The results were analysed and compared. 
This paper discusses the educational background behind this survey, suggests results and possible 
courses for action as a result of the conclusions drawn. 
 
Theme: Architectural education 

Keywords: architecture, education, communication styles 
 
 

1. BACKGROUND 
 

Students learn in different ways (Serasin 1999). Some 
grasp information best by listening, while others learn 
better through reading, reasoning, or discovering 
concepts through a hands-on experience. These 
different ways of learning are referred to as learning style 

and according to Keefe (1987) consists of three 
dimensions  
• Affective   
• Physiological   
• Cognitive   
The affective dimension of learning style has to do with 
attention, emotion, and valuing part of a person’s 
personality (Swanson 1995). It is largely set by one’s 

personality and reflects genetic influences as well as 
those of culture, environment, and experiences. The two 
main learning style models that focus on personality are 
Herman Witkin’s bipolar construct of field dependence/ 
field independence that describes the ability of an 
individual to identify a specific element from within a 
complex field and the Myers-Briggs Type Indicator 
(MBTI), which assesses the relative strength of the 

processes of introversion/ extraversion, sensing/ 
intuition, thinking/ feeling and judging/ perception (Witkin 
1977, Slowikowski 2003). Other instruments include the 
Grasha-Reichmann Student Learning Style Scale that 
focuses on how students interact with the instructor, 
other students, and with learning in general; the Keirsey 
Temperament Sorter (KTS) based on the MBTI approach 
with four temperament types of Guardian, Artisan, 
Rationalist and Idealist and Honey and Mumford’s 

Learning Styles Questionnaire which is similar to KTS 
with learning styles of Activist, Reflector, Theorist and 
Pragmatist (James et al 1995).  
The physiological styles are biologically based modes of 
response that are founded on sex-related differences, 

personal nutrition and health, and their accustomed 
reaction to the physical environment. It includes a range 
of perceptual elements: visual, auditory, tactile, and 
kinaesthetic. Learning styles research shows that most 
people prefer learning by experiencing and doing 

(kinaesthetic elements), especially when reinforced 
through touching and movement (tactile elements). 
Asselin and Mooney (1996) note that people remember 
90 percent of what they say and do as opposed to 30 
percent of what they see and hear.  Although 
kinaesthetic learners retain best, they make up only 5 
percent of the population whereas visual learners make 
up 65 percent and auditory learners, 30 percent (Mind 
Tools 2004). One instrument used to assess perceptual 

learning preferences is the Multi-Modal Paired 
Associates Learning Test (MMPALT) which is a 
performance test that measures recall of paired 
information in each of the seven perceptual modalities of 
print, aural, interactive, visual, haptic, kinaesthetic, and 
olfactory (James et al 1995).   
Cognitive style is the dimension of learning style and can 
be defined as the distinctive and preferred way a learner 

organizes and retains information (Keefe 1979). The 
most commonly used instrument in this area is Kolb’s 
Learning Style Inventory (Barnes et al 2004). According 
to Kolb individuals learn in four stages or modes: 
concrete experience, reflective observation, abstract 
conceptualisation, and active experimentation. However, 
in different learning situations individuals often use 
different combinations of learning modes, hence no one 

mode clearly identifies an individual’s learning style. The 
combination of the learning modes forms four quadrants 
reflecting four learning styles of Accommodator, 
Diverger, Assimilator, and Converger. This approach is 
not only reflected in McCarthy’s 4-MAT model, which 
identifies types of learners as concrete, abstract, 
reflective, and active but also in Casse’s modes of 
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Action, Process, People and Ideas. This comparison is 
tabulated in Table 1 below and suggests that the Casse 
Instrument was developed along similar lines to other 
mainstream models. 

 
Table 1: Comparison of the Dimensions of the Casse 
Survey Instrument with those of other Cognitive and 

Affective Survey Instruments. 
Casse (1981) Action Process People Ideas 

Cognitive Instruments 
Kolb (1976) Converger Assimilator Accommodator Diverger 

McCarthy 4-

MAT (1972) 
Dynamic Analytic Common sense Imaginative 

Affective Instruments 
The Keirsey 

Temperament 

Sorter (1978) 

Guardian Rational Artisan Idealist 

Felder-

Silverman 

Learning Style 

(1988) 

Active/ 

reflective 
Sensing/ 

intuitive 
Visual/verbal Sequential/ 

global 

 
But the Casse instrument has one significant advantage. 
The self assessment survey Casse devised scores 
people over the four communication styles of Action, 
Process, People and Ideas with each of the 40 questions 
set up to select between two communication styles in 
turn. Casse surmised that everyone possesses these 
four value orientations in varying degrees but one will 

usually dominate over the other three. This dominant 
value orientation depends on the situation as well as the 
personality of the individual, their cultural background 
and past experiences. People can move between each 
value orientation but tend to revert back to their dominant 
orientation in a crisis. Equal dominant styles suggest 
some people are comfortable with either style and have 
some flexibility in shifting between styles. Each style 

carried with it a set of values that Casse refers to as 
“value orientations”. (Table 2) It is these value 
orientations that lend Casse’s instrument an extra 
usefulness. 
The Casse instrument when summed over a significant 
percentage of people on a site, in a factory or office (or in 
our case the year of a degree program) also reflects the 
work values of that site, factory, office or degree year. 

This makes Casse’s survey instrument useful for work 
place culture surveys that are becoming more common 
as managers try to understand staff reaction to issues 
such as work place safety, training and technology. 

2. ARCHITECTURAL SCHOOL SURVEY 
 
The survey was completed in the first two weeks of the 
first semester in 2004 during normal classes. The survey 
was quick (between 10-15 minutes) and thus disruption 

to lectures was minimal. Students were asked to select 
the best answer that fitted their study situation with the 
emphasis that there were no wrong answers. It was also 
emphasised that the survey did not form any part of their 
course assessment and was anonymous. Response 
rates were generally good, with 1

st
 year architectural 

students for example as high as 95%, lowering to about 
50% for 5th year. The break down of the results for 
architectural students is as shown in Table 3 below. 

Student communication orientation was a combination of 
the 4 base orientations of action, process, people or 
ideas.  No one student as expected got the maximum 20 
or the minimum 0 for any of the communication 
orientations. 
The results indicated the following for the 5-year 
architectural degree program: 
• Every student had a combination of Casse’s four 

communication orientations. No student (as expected) 
got the maximum of 20 or the minimum of 0. The 
minimum value was 3 while the maximum value was 17 
(Refer max/ min values of table 3 above). 

• The dominant communication orientation varied for 
each year. 

• On a year-by-year basis students started the 5-year 
degree with a “people” orientation (refer Table 2 for 

value description) but tended (with the exception of 4
th

 
year) to graduate with an “ideas” orientation bias. 
Overall the communication orientations were evenly 
split across the four values, but on balance across the 
whole school a ‘process’ orientation marginally 
dominated. 

• Gender does not appear to be an issue based on this 
data. While there are differences of communication 

orientation when comparing data for the different class 
years between male and female students the 
insignificant sample size (less than 30) for female 
students makes only an overall comparison possible. 
This comparison (at the bottom of table 3) suggests 
that there is no significant difference as both males and 
females over the whole school prefer a “process” 
orientation. 

 

 

 
Table 2: Value Orientations Associated with the Different Communication Styles of the Casse Survey Instrument. 
Communicat io n Sty l e  Act i on Process  Peop le Ideas  

Value Orientation Doing, achieving, getting 

things done. 

Facts, organization, 

strategies. 

Teamwork, relations, 

communication 

Concepts, theories, innovation. 

Content Characteristics They talk about results, 

objectives, performance, 

productivity, efficiency, moving 

ahead, responsibility, 

feedback, experience, 

challenges, achievements, 

change and decisions 

 

They talk about facts, 

procedures, planning, 

organizing, controlling, 

testing, trying, analysis, 

observations, proof and 

details 

 

 

They talk about people, needs, 

motivations, teamwork, 

communications, feelings, 

team spirit, understanding, 

sensitivity, awareness, 

cooperation, beliefs, values, 

expectations, relations and 

self-development. 

They talk about: concepts, 

new ways, innovation, new 

methods, creativity, improving, 

opportunities, problems, 

possibilities, potential, grand 

designs, alternatives, issues, 

what’s new in the field, 

interdependence. 

Process 

Characteristics 
They are pragmatic (down to 

earth), direct (to the point), 

impatient, decisive, quick 

(jump from one idea to 

another) and energetic 

(challenge other). 

They are systematic, logical 

(cause and effect), factual, 

verbose, unemotional, 

cautious and patient. 

They are spontaneous, 

empathetic, warm, subjective, 

emotional, perceptive and 

sensitive. 

They are imaginative, 

charismatic, difficult to 

understand, ego-centred, 

unrealistic, creative, full of 

ideas and provocative. 

Source: Casse (1981) 
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Table 3: School of Architecture Communication Orientation 

Yea r Gender Numbers  
Value 

Sp read  
Communicat io n O rient at io n Dominant  St y le 

   min max  Act i on Process  Peop le Ideas   
Males  40   12 14 14 9 Process/ People 

Females  23   5 6 10 8 People Yea r 1  

Total 63 16 4 17 20 24 17 Peop le 

Males  48   14 12 15 13 People 

Females  21   7 6 8 5 People Yea r 2  

Total 69 16 3 21 18 23 18 Peop le 

Males  27   4 12 6 11 Process 

Females  19   2 6 4 8 Ideas Yea r 3  

Total 46 16 4 6 18 10 19 Ideas  

Males  19   7 7 5 5 Action/ Process 

Females  15   4 7 4 4 Process Yea r 4  

Total 34 17 3 11 14 9 9 Process  

Males  19   2 4 7 7 People/ Ideas 

Females  11   1 6 1 4 Process Yea r 5  

Total 30 15 5 3 10 8 11 Ideas  

 Males  153   39 49 47 45 Process 

 Females  89   19 31 27 29 Process 

 Total 242   58 80 74 74 Process  

 
Table 4: The New Studio Culture Proposed by the AIAS 

New Design Studio Culture Action Process People Ideas 

Design-thinking skills * * * * 

Design process as much as design product  *   
Leadership development     
Collaboration over competition   *  
Meaningful community engagement and service   *  

The importance of people, clients, users, communities, and society in design decisions   *  
Interdisciplinary and cross-disciplinary learning   *  
Confidence without arrogance     
Oral and written communication to complement visual and graphic communication  *   
Healthy and constructive critiques  * *  

Healthy and safe lifestyles for students     
Balance between studio and non-studio courses   *  
Emphasis on the value of time *    
Understanding of the ethical, social, political, and economic forces that impact design  * *  

Clear expectations and objectives for learning  *   
An environment that respects and promotes diversity   *  
Successful and clear methods of student assessment  *   
Innovation in creating alternative teaching and learning methodologies    * 

TOTAL 2 7 9 2 

 
Table 5: School of Engineering Communication Orientation 

Value Sp read  Communicat io n O rient at io n 
Yea r Gender Numbers  

min max  Act i on Process  Peop le Ideas  
Dominant  St y le 

Males  26 16 3 4 13 16 4 Peop le 

Females  5        
Deg ree 

Yea r 1  
Total 31        

Males  12 14 3 4 8 5 0 Process  

Females  1        
Deg ree 

Yea r 2  
Total 13        

Males  9 16 4 2 6 4 0 Process  

Females  1        
Deg ree 

Yea r 3  
Total 10        

Males  19 17 3 8 13 16 6 Peop le 

Females  15        
Dip loma 

Yea r 1  
Total 34        

Males  19 17 5 6 14 10 3 Process  

Females  11        
Dip loma 

Yea r 2  
Total 30        

 Males  104   24 54 51 13 Process  

 Females  12        

 Total 116        
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Table 6: School of Construction Communication Orientation 
Value Sp read  Communicat io n O rient at io n 

Yea r Gender Numbers  
min max  Act i on Process  Peop le Ideas  

Dominant  St y le 

Males  46 18 3 13 16 25 8 Peop le 

Females  7        Yea r 1 

Total 53        
Males  32 18 3 14 10 17 7 Peop le 

Females  11        Yea r 2  

Total 43        
Males  24 18 4 4 10 10 4 Process / People 

Females  1        Yea r 3  

Total 25        

 Males  102   31 36 52 19 Peop le 

 Females  19        

 Total 121        

 
Although direct comparison cannot be established it is 
also interesting to view these results against the 
proposed new design studio culture posted by the 
American Institute of Architectural Students Studio 
Culture Task Force (Koch et al 2002), where a 

predominance of ‘process’ and ‘people’ orientations were 
suggested as the ideal across the design studio culture. 
This is shown in Table 4 and suggests the greater 
predominance of ‘ideas ‘orientations in the School of 
Architecture at Unitec is a little out of step with the ideal 
profile of an architecture student, as propounded by the 
AIAS.  
 

3. SURVEY COMPARISON WITH THAT OF 
ENGINEERING AND CONSTRUCTION 
SCHOOLS 
 
Do the architectural and engineering students have a 

common language? It appears that they share a 
common orientation focus in their first year but after that, 
and certainly by their 3rd year, architectural and 
engineering students have shifted slightly apart,  
The situation is further complicated when the 
construction students are also studied. They show a 
people orientation for year 1 and unlike both the 
engineers and architects maintain that orientation 
throughout their degree though it is a dual process/ 

people orientation in the 3
rd

 year (refer to Table 6 below). 
Interestingly and as mentioned, all the three schools start 
with a people orientation. The School of Architecture 
tends towards an ideas orientation, the School of 
Engineering to a process orientation and the School of 
Construction to a process/ people orientation. 
 

CONCLUSION 
 
The importance of communication for building 

professionals has long been recognised (Slemon 1993, 
McGregor et al 1998). Many of these studies have 
however assumed that professional communications 
were independent of the people initiating and receiving 
such communication. Only recently have research 
papers studied the cultural context within which the 
communication scenario takes places which, in this 
instance, includes that of the architectural school (Koch 

et al 2002). 
Whilst the results of the survey of the three schools were 
not conclusive they did suggest the following: 
• That the dominant communication orientation is 

different for each of the three schools. 
• That the dominant communication orientation is 

different between each year at each of the schools 

• Gender does not appear to be a significant factor in 
communication orientation. 

This paper has been careful not to over state the case for 
using information about learning styles as part of any 
particular educational thrust here at Unitec.  As this is the 

first year of the communication survey subsequent yearly 
surveys should provide more statistically robust data. 
In spite of the inconclusive nature of the data from this 
initial survey the exercise does raise interesting 
questions for further reflection and investigation.  For 
example it is possible that: 
• Insight into the communication orientations of a 

particular cultural group of students could potentially be 

of assistance in the preparation of effective teaching 
strategies and teaching material and as such enhance 
the learning outcomes for a particular group.  

• Appropriate use of survey instruments such as Casse 
can help to identify trends in the graduate profile. This 
can be useful in comparing a schools orientation profile 
against those predominant, suggested or preferred or 
needed by industry. It could be argued for example, the 
School of Engineering graduate profile with its process/ 

people orientation should does the engineering 
profession a disservice in so far as the graduate, whilst 
strong in characteristics such as teamwork, or problem 
solving lacks the imaginative, creative and provocative 
characteristics so necessary for creating inspiring 
engineering design. Conversely the architectural 
graduate profile, whilst strong in imaginative qualities 
(ideas) may lack the people or process skills to 

effectively communicate with other professions.  
• The predominant ‘people’ orientation amongst first year 

students could suggest students enrolling in all three of 
the courses surveyed see these courses as socially 
focused, and able to meet their need for a people 
focused, teamwork orientated career.   
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ABSTRACT: This paper aims to develop a scholarly understanding of early design sketches, which 
when applied to design education, offers helpful insights as to how these seminal drawings are made 
and used to initiate and progress the early stages of a design.  
Drawing in a multitude of forms, has long been considered a tool of thinking for architects. The 
significant role the earliest design sketches have in giving visual expression to the architects’ formative 
insights and emerging ideas, suggests they should be of particular relevance to students and to 

architectural design education. The paper illustrates that through studying the early sketches of certain 
masterful architects and eminent local practitioners who are highly skilled at such drawing, it is possible 
to develop a scholarly understanding of early sketches, making evident their underlying characteristics 
and associated usages.  
The paper goes on to outline a wider phenomenographic research project that has as its aim, the 
identification of educationally critical aspects of early sketching, which may assist students to align their 
understanding and usage of such drawings more closely with those of masterful architects. These 
aspects could inform changes to both teaching practices in the design studio and current presentation 

orientated drawing curriculums.  
 
Conference theme: Architectural education 
Keywords: early design sketches, design process, teaching and learning 
 
 

INTRODUCTION 
 
Drawing offers the means by which architects are able to 
use lines to represent buildings and spaces, giving visual 

form to their ideas. It is a way of thinking in visual terms, 
“a way of expressing and experiencing one’s thoughts in 
imagery rather than in words.” (Lacy B. 1991:10) 
Glenn Murcutt illustrates his belief in the 
interconnectedness of drawing and thinking in an 
interview just after he was awarded the Pritzker Prize 
2002. When asked about the importance of drawing he 
replied, “when we lose the ability to draw, we lose a part 
of our ability to think.” (Murcutt G. 2002:79). If this view is 

accepted then drawings and their role in the design 
process should be central to students and to their 
education as architectural designers.  
Drawings, both hand and computer based, can also be 
seen as one of the key tools used by architects to 
progress the design process from the initial conceptual 
stages of sketch design, through the increasing 
complexities of design development culminating in the 

construction of the final works. For each part of this 
design process there are associated drawing types and 
techniques appropriate to the issues being addressed.  
During the early stages of the design process the 
drawings or more particularly sketches, are typically 
unstructured and open-ended often expressing initial 
insights or intentions. As the process continues and the 
building form emerges, the drawings become more 

structured, developing a greater degree of precision and 
detail in parallel with the emerging proposal. The later 
stages of design development calls for highly resolved 
and technical drawings, accurate and many in number, 
all coordinated through the conventions of architectural 
documentation to enable communication to the wide 
range of people involved with constructing the project. 

Over recent years architectural practices are using 
computers extensively through these middle to late 
stages of the design process.  

In contrast, despite the improvements in computers as 
design tools, it would appear that architects highly value 
freehand sketching in the very earliest conceptual stages 
of the design process. For example Frank Gehry, whose 
buildings could not be built without the most 
sophisticated use of computers, uses sketches in the 
early stages of the design process (Ragheb F. 2001). 
Many architects consider this initial stage to be the most 

critical part of the design and almost certainly, the most 
creative - critical because it is where the seminal ideas 
and intentions are tested and laid down and creative in 
the sense that the early expressions of thoughts and 
concepts need to give rise to spaces and forms often not 
seen before. It is understandably one of the hardest parts 
of the design to progress through and arguably one of 
the most important for the student of architecture to 

begin to understand. Many teachers would agree that it 
is a difficult and trying part of the design process to 
teach. 

 Source: (Lee R. 1997) 

Figure 1: Frank Gehry, Sketch: University of Toledo’s 
Center for the Visual Arts, Toledo, Ohio 
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In the preface to his book on architectural drawing, 
Rendow Yee explains  

If design drawing can be seen as a continuum, the 

computer has come onto the scene in the precise 
measured phase and is moving towards the conceptual 
phase. Therefore, teaching design drawing using 

freehand methods develops skills that are complimentary 
to and not redundant with the computer. (Lee R. 1997) 

 
1. OPPORTUNITIES FOR TEACHING AND 
LEARNING ABOUT EARLY SKETCHES  
 
In the early years of architectural studies considerable 
attention is given to teaching students of architecture 
about drawing. My experience in teaching both drawing 

and design, suggests that attention is given primarily to 
teaching presentation types of drawing, that is drawing 
which communicate a seemingly finished scheme or 
proposal. Students are typically taught how and when to 
draw plans, sections, elevations and a range of different 
perspectives, projections and renderings, necessary to 
present their schemes to others, a task they are 
frequently expected to do through the course of their 

studies. These drawing types are generally taught as a 
combination of hand and computer based skills, with a 
large number of texts available to students to support 
their learning.  
However, it is surprising that little attention and 
significance is given to teaching the looser, evocative 
and unstructured forms of early thinking sketches 
considered central to progressing through the initial 

stages of the design. Heinz Ronner, in the preface to his 
extensive compilation of the work in progress drawings of 
Louis Kahn, suggests that even the architects 
themselves and the publishers of their work see little 
value in preliminary sketches. He further suggests that 
through studying the architects’ preliminary workings we 
can gain insights into their creative, thinking processes. 

As a rule, architects and, for that matter, publications of 

their work, show us the finished product; notes and 
preliminary sketches and plans are looked upon as chips 
fallen off the workbench to be swept up and thrown away. 

But is it not these very chips which allow us to study the 
nature of the creative process itself, from which we can 
draw conclusions about the forces that determine an 

architect to accept one possibility and reject another? 
(Ronner H. 1977) 

If this is the case, it suggests that teaching students how 
to produce and how to use these early design sketches 

should be a central part of the curriculum in architectural 
design education. One of the aims of this paper is to 
identify this need and set out a way of addressing the 
issue. 
 
1.1. A role for research 
The significance of early, unstructured forms of drawing 
is also supported by the results of recent research into 

the role that such sketches play in the design process 
(for a review of this work see Purcell and Gero, 1998). In 
this research expert architects are asked to produce a 
sketch design in response to the brief for a building on a 
specific site. The design session is videotaped and the 
designer is encouraged to talk about what they are doing 
while they are designing. This record of the process is 
then reviewed and analyzed often in conjunction with the 

designer. This research has shown for example, that the 
sketches appear to trigger access to relevant knowledge 
and that they can stimulate the emergence of new ideas 
about form and space that were not part of the original 
intention of the sketch. While these results reinforce the 
importance of sketching in the early stages of the design 

process, little attention (with some exceptions, see for 
example the work of Goel, 1995) is paid to the 
characteristics of the sketches themselves that are the 
basis for these changes in what the designer thinks and 

sees. This lack of focus would appear to be somewhat 
paradoxical if it is the sketches that are the critical factor 
in the effects observed. It also means that the relevance 
for this research to design education is limited because, 
while the outcomes that result from using these types of 
drawings can be described, it is not possible to say how 
such sketches can be produced or how learning 
environments could be designed that would help 

students to develop the necessary techniques and ways 
of thinking that are required to successfully use this form 
of drawing.  
There are a number of unrecognized and related 
assumptions that can be identified in this research. One 
assumption is that the sketches are idiosyncratic, that is 
the marks on the paper and their meanings are unique to 
the individual. If this were the situation then it would 

mean that it was up to the individuals to invent their own 
drawing language. However the other assumptions, once 
recognized open a new direction for research that also 
can also provide the basis for bringing this form of 
drawing into architectural education. 
The architects that have participated in the research 
have been practicing architects with more that five and 
often more than ten years in practice. This criterion has 

been used because it is the basis for the definition of 
expertise in much of the research into the nature of 
expertise (see for example, Simon, 1981). If the starting 
point for the design research is that these types of 
sketches are critical in the early, creative stages of the 
design process and that they are typical of these stages 
of the process, it is natural to assume that this will be 
characteristic of all experts in the field. Consequently the 
length of practice would appear to be an appropriate 

basis for choosing the designers who participate. 
However, within the architectural profession and in the 
architectural literature that follows, it is recognized that 
there are a number of highly creative architects who are 
acknowledged by their peers and in their own words as 
putting particular emphasis on this form of drawing. This 
suggests that, rather than studying architects from the 
general pool of expert architects, studying the sketches 

of these masterful architects could provide a way of 
addressing the question of whether such sketches are 
idiosyncratic or are principled, that is, it may be possible 
to identify types of sketches and associate them with 
particular usages. If an examination of the sketches of 
these high level experts does have this outcome, it 
identifies a significant direction for research and would 
provide a basis for the development of ways of teaching 

students both what to sketch and how to use these 
sketches to develop their designs.  
In the following sections, example sketches from three of 
these masters will be examined to demonstrate that the 
drawings are principled. However there is a significant 
problem with the analysis of these drawings that will be 
identified, leading to a proposal for the design of a 
research project that addresses this issue. The design of 

this project also embodies a way in which the results 
obtained from the masterful architects can be related to 
the way in which students currently use early design 
sketches, providing the link between research and 
teaching. The final section of the paper explores this link 
and what it may mean for the teaching of these 
unstructured forms of drawing in architectural education. 
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2. TOWARDS A SCHOLARLY UNDERSTANDING  
 
There are many masterful architects who are highly 
skilled at and value the importance of drawing. For the 
purposes of this paper we will look closely at three 

sketches of Alvar Aalto, Louis Kahn and Joern Utzon, 
each masterful architects, recognized by their peers for 
the quality of their creative works and as evidenced in 
their own words and drawings, place special emphasis 
on sketching as a tool of thinking and as a means to 
progress the initial stages of their design process. 
Alvar Aalto in his public lecture “The trout and the 
mountain stream” explains about the way he works 

When I personally have to solve an architectural problem 

I am confronted, almost always, with an obstacle that is 
difficult to surmount… The cause, I believe, is the 
complicated and intense pressure of the fact that 

architectural design operates with innumerable elements 
that internally stand in opposition to each other…All this 
becomes a maze that cannot be sorted out in a rational or 

mechanical manner…In such cases I work – sometimes 
totally on instinct – in the following manner. For a moment 
I forget all the maze of problems. After I have developed a 

feel for the program and its innumerable demands that 
have been engraved in my subconscious, I begin to draw 
in a manner rather like that of abstract art. Led only by my 

instincts I draw, not architectural syntheses, but 
sometimes even childish compositions, and via this route 
I eventually arrive at an abstract basis to the main 

concept, a kind of universal substance with whose help 
the numerous quarreling sub-problems can be brought 
into harmony. 

When I designed the city library at Viipuri for long periods 
of time I pursued the solution with the help of primitive 
sketches. From some kind of fantastic mountain 

landscapes with cliffs lit up by suns in different positions I 
gradually arrived at the concept for the library 
building…The childish sketches have only an indirect 

connection with the architectural conception, but they tied 
together the section and the plan with each other and 
created a kind of unity of horizontal and vertical 

structures. (Alvar Aalto 1947) 
With a similar commitment to drawing, Louis Kahn at a 
public lecture explains 

…the architect who starts, like the writer and the painter, 

with a blank piece of paper upon which he imprints the 
gradual steps in the development of something he wants 
to make exist. The sketchbook of painter, sculptor or 

architect should differ. The painter sketches to paint, the 
sculptor draws to carve, and the architect draws to build. 
(Louis Kahn 1962) 

For Joern Utzon, by interpreting his drawing on the front 
of a card sent to the author in 1982, we can see the 
immediate connection Utzon makes between his mind 
and the images he draws. 
These sources demonstrate the significance the three 

architects place on sketching. In the following section of 
the paper we examine a small sample of their sketches 
and interpret them with a view to understanding the 
characteristics, techniques and types of sketches that 

these architects may have considered useful in initiating 
a design. Based on this interpretation, preliminary 
suggestions are made in an attempt to identify what it is 
about the sketches and their usage that may be useful 
for students. These interpretations are from the author’s 
viewpoint of practicing architect, design and drawing 
teacher and are focused towards gaining insights about 
the sketches which may be useful to students. 

 
Figure 2: Joern Utzon, Sketch on card 1982 

 
2.1. Interpreting the sketches 
Alvar Aalto  
Interior, Opera House, Essen c.1959 (Figure 3). 
In this sketch, or group of sketches, Aalto has presented 
us with three related images. The sketches suggest that 
the key elements in the interior are the curvilinear wall 
and a series of sweeping stairs.  

 

 
Source: (Sketches Alvar Aalto 1947) 

Figure 3: Alvar Aalto, Interior, Opera House, Essen 
c.1959 

A study of a grand 
stairway running 

down the side of a 
roughly built wall or 
escarpment. Both 

the stairs and the 
wall are massive and 
work together to 

create a sense of 
drama. Again people 
are seen on the 
stairs 

This appears to be a 
simple line drawing to 

do with the shape of 
the wall. Perhaps 
preliminary to the 
main image on the left 
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At a more general level the line work is fine and 
expressive, with little uncertainty in the drawing. The 
strength and presence of the wall comes through in the 
single mindedness of the line work. Aalto appears to be 
concerned with exploring the wall as a strongly modeled 
element, the quality of gathering beside the wall and the 
relationship between the wall and a ceremonial or grand 

stair. A sense of arrival, promenading, being seen on the 
stairs is suggested. The solid grounded wall to the right 
and the hovering wall are obvious contrasts. In terms of 
drawing type it could be considered that the architect is 
concerned with identifying the key elements and their 
associated gestures. 
 
 

Louis Kahn 
Salk Institute for Biological Studies, Meeting House 
Concept Study 1961 (Figure 4). 
 

 
Source: (Kahn, L 1962) 

Figure 4: Louis Kahn, Salk Institute for Biological 
Studies, Meeting House Concept Study 1961 

 
In this sketch, Louis Kahn indicates a collection of 
elements gathered around a central court or open 
ground. 
The sketch is rich and complex with strong and 

deliberate pencil lines. The line work is rough but 
expressive. All the thinking lines are left in place with 
parts of the drawing having been drawn over many 
times, suggesting a sense of searching. The drawing is 
most dense around the central space, least dense and 
hence probably least known towards the edges. The 
drawing suggests there is a pattern or order emerging in 

the way the parts are gathering. The drawing speaks 
about the nature of the parts, the whole and the 
relationship between the parts and the whole. In terms of 
a drawing type, it could be referred to as an emerging 
plan, or in Kahn’s own words a “concept study”. 
 
Joern Utzon 
Church at Bagsvaerd, Denmark 1973, preliminary sketch 

(Figure 5). 
 

 
Source: (Utzon 1973) 

Figure 5: Joern Utzon, Church at Bagsvaerd, Denmark 
1973, preliminary sketch 
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Soft expressive line work makes this an evocative 
sketch. Pencils or pastels have been used with an 
economy of lines and a strong use of perspective serves 
to make this sketch suggestive. Utzon appears to be 
exploring the relationship between the strong, horizontal 
ground plane, the soaring clouds and the quality of 

gathering and movement towards a focus. A sense of 
drama yet enclosure is provided by the clouds overhead, 
while the ground plane is open, seemingly endless and 
not enclosing. There is a feeling evoked of taking your 
place under the drama of the sky. In terms of a drawing 
type, you could say this was an analogy or an image 
from nature. 
 

2.2 Insights from the sketch interpretations 
The interpretations suggest that even though the 
sketches appear loose and unstructured at first glance 
there may be principles or aspects about their nature and 
the way they have been drawn that would be useful for 
students to understand. The following outlines these 
emerging principles. 
Each sketch is strong and evocative, strong in the sense 
that they communicate clear intentions, evocative in the 

way that they are open for interpretation. Clarity yet 
openness might be particularly useful qualities for 
architects seeking to establish a design direction, to raise 
new questions or to establish relationships between 
parts.  
A common characteristic of the sketches, lie in the 
quality of the line work. Each line whether it is uncertain 
or more emphatic is left in place to lend quality to the 

whole. The sketches gather strength and density from 
this technique, with the more important elements 
becoming darker while the weaker elements are left to be 
just a suggestion or hint. 
There is no self-consciousness about being neat, trim or 
finished with the line work. In particular it would seem to 
be this unfinished nature of the sketches which gives rise 
to the triggering of a new thought and another sketch, 

fueling the iterative design process. 
The three sketches demonstrate an easiness about 
drawing an unknown or emerging form. What the 
architect is expressing through the sketch does not exist 
at this early stage, that is the image comes a long way 
before the reality. Teaching experience suggests that this 
is an important aspect of these drawings. So often 
students ask how can you draw something if you don’t 

know what it is. The way the masterful architects deal 
with this is to use a language of symbols, gestures, 
analogies and relationships, enabling them to express 
their thoughts in imagery.  
If we consider the content of each of the three sketches, 

and associate this with a drawing type, we can see that 
each is different. Aalto in his sketch seems to be 
concerned with identifying and understanding the 
relationship between the key elements of the wall and 
the stair, Kahn identifies the parts of the scheme and in 
turn how they gather around the center giving rise to the 

overall form and Utzon appears to be exploring a sense 
of gathering and movement towards a focus through the 
use of an analogy. 
It is foreseeable that if more sketches are studied then 
additional characteristics would emerge, but the analysis 
also suggests that it may be possible to develop a 
categorization of early drawing types commonly in use 
through the initial stages of the design process, which 

would also be of benefit to students. 
 
2.3 Extending the study 
This interpretation is based upon examining sketches, 
removed from the design process that gave rise to them. 
Even though much has been written on the works and 
influences of Alvar Aalto, Louis Kahn and Joern Utzon 
we are not able to access at which particular point in 
their respective design processes these sketches were 

produced. To address this shortcoming the study could 
be broadened to incorporate working with a small group 
of eminent local architects, who share with Aalto, Kahn 
and Utzon a commitment to the importance of sketching, 
enabling an in depth investigation to be made as to how 
these highly skilled practitioners use sketches to 
progress the initial stages of a design. Most importantly 
their sketches could be studied in the context of the 

design process for a recently completed or current 
project. 
With local architects there would be opportunity to meet, 
study their drawings and discuss their intentions for each 
sketch, how it was used, and what role the sketches 
played in the development of the final built form. This 
would give rise to a clearer understanding of this type of 
drawing and their interconnectedness with the design 

process.  
Once documented the results of these interviews could 
be coupled with the interpretative findings of the 
masterful architects to constitute a scholarly 
understanding, offering at a general level insights as to 
the nature, usage and underlying principles of early 
design sketches and more specifically, it should be 
possible to develop a categorization of early drawing 

types seen in terms of what the sketches might convey, 
what are the identifying characteristics and how they are 
used to initiate and progress a design. 
Linking this to teaching, the research could serve a 
number of purposes. Firstly it offers a research based 
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Figure 6: Structure of the research project 

 
understanding of why these early sketches are important, 
secondly it recognizes the importance of studying the 
sketches of highly accomplished architects who are 
exceptional drawers, thirdly the categorization of early 
drawing types would be a significant teaching and 
learning resource for students and finally, in a more 
general way this highly desirable scholarly understanding 

could stand as a model or exemplar, towards which 
students might move or align themselves in their process 
of deepening their understanding and usage of early 
sketching. 
 

3. TOWARDS A STUDENT BASED 
UNDERSTANDING 
 
Before we can talk about this aligning or shift the 
students might make, we need to get a feel for where 
students stand, in terms of the level and extent of their 

own understanding of early design sketches. To do this 
we need to see the usage of sketches from the students’ 
viewpoint as opposed to that of the practitioners, and to 
map this out so as to reveal the depth and nature of their 
understanding. The higher education research method, 
phenomenography is particularly suited to describing this 
student viewpoint.  

Phenomenography is a research method adapted for 

mapping the qualitatively different ways in which people 
experience, conceptualize, perceive and understand 
various aspects of, and phenomena in, the world around 

them (Marton, F 1986 p31) 

More particularly, John Bowden (2000) would consider 
that the nature of this extended study is developmental 
phenomenography 

“…in that it is undertaken with the purpose of using the 

outcomes to help the subjects of the research, usually 
students, or others like them to learn. The insights from 
the research outcomes can help in the planning of 

learning experiences which will lead students to a more 
powerful understanding of the phenomenon under study, 
and of other similar phenomena.” (Bowden, J. 2000 p4)  

Through discussing with students and gathering a 
collection of their early sketches, in a similar way as was 
done for the highly skilled practitioners, we can use 
phenomenographic analysis techniques to map out a 
model of the different student understandings of 
sketching, giving us a better appreciation of their level of 
understanding. Working backwards, if we were to extend 

this same mapping method and structured analysis to the 
scholarly understanding, it would be possible to map out 
a parallel model of the scholarly understanding. Once we 
can identify the student understanding and the scholarly 
understanding in a similar form, then by direct 
comparison we can see both the amount of shift and the 
nature of the shift that the students need to make if they 
are to begin to take on a deeper, more complete 

understanding of how to use early design sketches to 
progress a design. In addition it would be possible to 
identify aspects of and principles about early sketches 
that are critical for students to learn and in turn to devise 
teaching and learning strategies specifically targeted at 
developing ability and competence in the drawing 
aspects identified. 

4. CONCLUSION 

 
There is an interesting twist to the end of this study. 
Given that it is possible for research to provide us with a 
scholarly understanding of early design drawings, the 

task lies squarely with the students to take from this 
source and apply a new found and deeper understanding 
to their own emerging design process and their range of 
drawing skills and techniques. This is a hard task for 
students and needs to be supported by teaching staff in 
the studio, by recognition of the importance of the design 
process when establishing assessment criteria and by 
appropriate structuring of the design projects offered 
across the years of study. 

Of course no one can or ever will be able to draw literally 
like Alvar Aalto, Louis Kahn or Joern Utzon, neither could 
they use sketching in the same way as the highly skilled 
local practitioners but there is much to be gained by both 
students and design teachers, through the careful and 
considered study of the way these highly respected and 
highly skilled architects have used and still use sketches 
to progress the early stages of their design thinking. 

Best of all, we've seen those hands explaining an idea on 
paper. The pad in one hand, the felt-tipped pen skating in 
the other, and the clarity of the concept jumping out to 

other lines their conspiracy of meaning - so obvious when 
the sure hand has swept them all into place. (Hersey, J 
1978) 
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INTRODUCTION 
 
In student evaluations of the science based units within 
the Architectural and Interior Architecture courses a 
relative common theme amongst some students is for 
“More ‘hands on; simulations’ and less theory”. These 

comments give the impression that students are not 
capable of working with equations. While this may 
characterise some students, in the authors experience 
many of the students do have the requisite mathematical 
skills, but do not expect that this area of study would 
require much if any mathematical dexterity. Analysis of 
student sentiment reveals the commonly held desire for 
visual rather than numerically orientated input. 

The education system should not only provide 
information and tools to design lighting solutions for 
buildings, it should also challenge students to develop 
their own solutions and interpretations of the design. 
Lighting can be a major design element, not only to 
provide adequate lighting for tasks, but to also highlight 
the structure and architectural form of the building (From 
Shadow to Sparkle 1998). 
This article outlines the author’s approach in providing for 

more visual/hands-on approach to teaching the subject 
of lighting within the framework of Building Science. 
Software visualisation has been attempted to achieve the 
outcomes for the course whilst requiring a reasonable 
expectation of student’s time.  
This paper highlights some of the traditional and 
alternative methods of providing lighting visualisation in 
architectural education. The paper discusses the use of a 

bootable CDROM solution to provide lighting simulations 
using the Radiance software as used at Curtin University 
of Technology in its Architecture/Interior Architecture 
programme, the reaction of students and teaching 
resources flexibility. 
 

1. METHODS FOR LIGHTING VISUALISATION 
 
Lighting visualisations are typically made via two different 
formats: physical modelling and computer modelling. To 

provide physical modelling experience within the 
teaching environment has a number of advantages and 
also some significant disadvantages. The modelling can 
be at either full size or scaled. Advantages of physical 
modelling include better visualisation of the design; 

resolution of complex interaction of design elements; 
possible simplification of overtly complex solutions; better 
internalisation of the overall design concept. Some of the 
disadvantages include cost, construction time, available 

resources (appropriate materials and space, materials, 
light fittings); lighting effects; safety, reproducibility of the 
effects for reporting; measurable light levels. 
Scale modelling can have additional problems in terms of 
the scalability of the effects of the material textures, light 
strengths and colours, fitting sizes and photographic 
techniques. This can cause large problems when 
attempting to create realistic impressions of interiors, to 
say nothing of modelling difficult combinations of daylight 

and artificial lighting mixtures (Lam 1977). Scale 
modelling has been used extensively in evaluations of 
daylighting schemes, though the evaluations have been 
restricted to measurements of light levels or daylight 
factors (DF) and not the full visual environment. 
Daylighting studies often utilise a ‘Mirror Sky’ apparatus 
(see Figure 1), which further restrict the scale of model, 
often introducing further inaccuracies by the dimensions 

of the measuring devices (see Figure 2) and the 
available size of the mirror sky. 
 

 
Figure 1: Mirror Sky Apparatus 
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Figure 2: Mirror Sky Model and Measuring 

Instrumentation 
 
Full size mock ups which can produce measurable light 
levels have difficulties associated with electrical safety, 
space, cost of labour, materials and fittings, require 
considerable construction skills for their construction, 
may require skilled trades people, have difficulty in 

simulating daylight and light direction for a large number 
of times (Lam 1977). 
Mock up models on the other hand support the ability to 
evaluate the full visual environment, usually at the 
expense of flexibility for daylight analysis. Most often 
these models have significant modelling limitations that 
need careful explanation to avoid viewer-mistaken 
impressions (Lam 1977). 
 

2. THE SOFTWARE ALTERNATIVE 
 
As the power of computers and software improve, more 
students turn to these to visualise the lighting conditions 
within the model. Depending on the choice of modelling 
software available, computer modelling has the potential 
advantages of flexibility in lighting models, a range of CIE 
sky conditions, artificial lighting and combinations of both 
forms of lighting. The disadvantages include the 

student’s limited skill in computer modelling; excessive 
time to develop the model, rendering/computation times 
and limited realism in modelling of materials, etc. 
There are a number of software products available that 
can be used to provide a lighting visualisation-modelling 
environment. The range of available products is 
considerable though the choice dwindles quickly when 
factors such as lighting accuracy, hardware platform 
dependency, and costs are taken into account. The 

software range from those integrated into CAD systems, 
(such as in AutoCAD and ArchiCAD) to the stand-alone 
packages such as 3D Studio, Artlantis, RenderMan, 
Lightscape, Blender, POV-Ray, and Radiance. (See 
www.schorsch.com/kbase/resources/comparison.html for 
a range of papers comparing various types of lighting 

simulation software.) The choice of software is vitally 
important, as the required software should be capable of 
producing images, which are not only photorealistic but 
also photometrically correct (Roy 2000). Though this is 

important, it is not as stimulating to students as visually 
rich renderings. 
The level of simulation accuracy is very important in the 
interpretation of the simulation output. Many renderers 
focus on the speed of rendering using photorealistic 
techniques at the expense of accuracy. As established 
by Crone (1992:4-5): 

Often materials or light sources are given physically 

impossible values. For example, a light source may be 
made invisible and placed in a corner that previously 
appeared too dark. Ambient light that originates from 

nowhere often plays a large role in many illusion-based 
images. 

These rendering techniques, whilst quick and capable of 

producing ‘realistic’ appearing images do not fulfil the 
need for accurate representations of the final lighting 
scheme. 
The Radiance software, from Lawrence Berkeley 
National Laboratory LBNL in California, is recommended 
by much of the literature due to its accuracy in predicting 
light levels in a broad range of situations.  

The main aim of RADIANCE is to deliver scientifically 

exact visualisations and corresponding further data (e.g. 
falsecolor images) of luminous environments. Despite this 
(or should I say because of this?) at the same time it 

allows to create visually appealing images which are 
hardly achieveable (sic) with other types of rendering 
software (esp. for indoor scenes) (Bauer 2002). 

Radiance is a research level open source software used 
worldwide and can accurately predict lighting levels on 
any plane (Apian-Bennewitz 2004). The images 
produced are physically correct (light levels, colours, 
reflections, etc) and are often mistaken for real 
photographs (Jacobs and Solomon 2002). The software 
has been designed as a lighting research tool where the 

lighting visualisation attempts to match the appearance 
of the rendering to the reality of the physical conditions. 
The software was designed to run on UNIX operating 
systems, though there are some alternatives (Adeline for 
MS-DOS, Rayfront and Desktop Radiance for use with 
AutoCAD). Typical it is very ‘challenging’ to learn, but 
extremely powerful. The UNIX version is the most 
powerful variant of the software. 

Currently Radiance is being used around the world from 
applications in pure lighting and daylighting research, 
archaeology, and visualisations within architecture. Local 
examples include glare analysis, illumination available, 
strobing effects of lighting in train tunnels and sun 
penetration. 
 

3. USING THE SOFTEAR ALTERNATIVE 
 
3.1. Hardware and software 

Other architectural programmes around the world have 
also introduced software as a means of exploring the 
lighting potentials of design concepts. In some instances 
such as in the MSc in Architecture, Energy and 
Sustainability course at London Metropolitan University 
(Jacobs and Solomon 2002) Radiance has been 
implemented. Experience reported from that course 
indicated that students struggled with the non-windows 

environment and the complexity of the UNIX derived 
software and subsequently resulting in low take up of the 
environment. 
Radiance was first introduced into the undergraduate 
course at the Curtin University of Technology in the mid 
1990’s. As the computer hardware platform has 
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constantly evolved, the software has moved from Sun 
workstations, DOS based stand-alone PC’s, LINUX 
networked PC’s and bootable PC CDROM’s. Each 
iteration brought improvements in terms of ease of use 

for the students and deployment of the software. The 
development of the bootable CDROM for the PC broke 
through a major hurdle in that the software could be 
distributed to the students at no cost (both the LINUX 
operating system – based on the Debian distribution and 
the Radiance software are released under generous 
licences which encourage free distribution). Students 
now have the advantage of being able to ‘play’ with the 

software at home and not need to install anything on 
their own computers. 
The initial introduction of Radiance into the 
undergraduate program (3

rd
 year students) utilised 

Radiance installed on Sun workstations. At this time, the 
Radiance software had been integrated into the Eagle 
CAD system. A later trial used Adeline (MS-DOS based 
version) and then Radiance running under Linux. Results 

of students struggling with the non-windows environment 
and the complexity of the UNIX derived software were 
similar to those reported by Jacobs and Solomon (2002) 
was experienced. 
Experience at Curtin University of Technology has 
demonstrated that few students have been willing or 
sufficiently knowledgeable to install software onto their 
home computers. It would seem that the perceived 

complexity of installing software is beyond what most 
students are prepared to attempt. With this prevailing 
mind-set, it is self-evident that installing a foreign 
operating system such as LINUX would rarely occur. 
The first move across to the PC platform involved 
installing a permanent LINUX partition on the hard 
drives. Starting LINUX involved booting from DOS via the 
internal ZIP drives. Each computer was linked to a 
LINUX file server for the Radiance software with the ZIP 

disk used as the home directory. Over the four-year life 
of the systems, the software load on the Microsoft 
partition kept increasing until it out grew the available 
space. By the time the computers were upgraded, it was 
apparent that the pressures on IT support to provide a 
stable Microsoft windows platform meant that there 
would be no time or resources for the LINUX operating 
system. (It is interesting to note that the main stream IT 

support, was for one operating system only – Microsoft 
windows; Macintosh support, though available was 
limited. LINUX/UNIX support was virtually limited to one 
support person.) 
Faced with the potential demise of support for the lighting 
simulation software using a LINUX environment, the 
author developed a LINUX bootable PC CDROM. (The 
available DESKTOP Radiance, an integrated AutoCAD 

version, did not provide the flexibility of the UNIX 
software and had restrictive licensing issues.) The 
CDROM environment comprised a complete LINUX 
system, the Radiance software and X windows graphical 
user interface. There was no need to install anything on 
the computer hard drive, as LINUX was able to run 
completely from the CDROM and in 64MB of memory. 
The initial use of the CDROM concept was in 2002. (The 

only IT support required for the computer laboratories 
was to enable the ‘Boot from CDROM’ option.) The 
flexibility of this approach allowed the distribution of the 
software to each student for use at home and in the 
computer laboratories. Additionally for the first time, the 
CDROM allowed this part of the Building Science unit to 
also be taught in Malaysia in an off-shore parallel 
program at Limkokwing University College of Creative 
Technology (Malaysia). 

It was expected that more students would be empowered 
to use the software at home for study. Unfortunately, 
there was only a small increase in the number of 
students willing to put the CD into the home computer in 

spite of the documentation (on the CDROM and viewable 
from Microsoft Windows). The invariable lack of 
confidence in installing software prevailed. 
It should be recognised that the PC, unlike the Macintosh 
systems, have a very wide range of hardware available 
and the configuration of software is usually fraught with 
difficulties. The average PC user rarely knowingly installs 
software; rather it left to someone knowledgeable in IT, 

often the 15 year old in the family. The LINUX is no 
exception, though through some smart standard 
software, much of the hardware configuration was 
automated. What could not be automated was handled 
via a simple script for the graphical user interface. This 
script also allowed the results to be copied to a 
removable device for future quick reinstallation. Some 
limited knowledge of the hardware was required, such as 

the type of mouse connection (serial, USB, bus mouse 
and port), the screen type (LCD or CRT and size). Often 
the defaults worked for most one to three year old 
computers. Still, many found this process too daunting to 
attempt at home. One is almost tempted to wonder 
whether the systems at the university were to 
good/available (24/7) for study purposes! 
The sessional tutor performed initial testing of the CD. 

The tutor had had experience with an installed version of 
LINUX in his office computer, until his shared 
Microsoft/LINUX hard drive suffered an unrecoverable 
crash. To assist him in loading Radiance, he was offered 
an early beta version of the CDROM. After using the 
CDROM for work purposes, he had no desire to change 
from using the CDROM and to load the software onto the 
new hard drive. 
The 2003 version of the CDROM also incorporated 

automatic network support to enable the students to 
make use of the university based WebCT learning 
environment for unit based email and discussion groups. 
The divisional IT support developed a simple firewall 
script that could be deployed to limit network access 
to/from only the university domain. (There was no need 
for additional software to be installed, as it was part of 
the Debian distribution.) 

With the limited number of students willing to experiment 
with the CDROM on home computers and laptops due to 
the need for some hardware knowledge in setting up the 
X windows graphical user interface, it was decided 
additional work was need in the configuration options. In 
2004, a new version of the CDROM was developed 
based on the Klaus Knopper’s Knoppix CDROM Version 

3.3 (see http://www.knopper.net for more details.). The 

Knoppix CDROM is a sophisticated project which can 

pack up to 2GB of software on a standard 700MB 
CDROM and has significant auto configuration built in. 
The default boot sequence can also be modified at start 
time. 
The Knoppix version utilised the KDE (Graphical User 
Environment that contains capabilities and metaphors, 
eg desktop, file manager, auto mounting of CDROMS, 
copy and paste, etc similar to Microsoft Windows 

operating systems). This interface requires more 
available memory (90MB) – Microsoft XP operating 
system requires 128MB! The KDE interface is more 
intuitive and closer to the Microsoft experience. In the 
majority of cases, the default boot will successfully run 
the full KDE interface without any user configuration. 
This is an amazing statistic to anyone who has had the 
need to install hardware and software on PC computers! 
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In April 2004, at a recent visit to Limkokwing University 
College of Creative Technology (Malaysia), the author 
was unexpectedly asked to run a mini workshop on the 
Radiance software. Copies of the CDROM were made 

locally and distributed to the students. Whilst the 
workshop was run in a computer laboratory of HP PC’s, 
many students opted to bring along laptop computers. Of 
the 15-18 laptops of different brands, performance, 
memory and ages, all but one where successful in 
running the CDROM’s without intervention - apart from 
enabling the ‘boot from CDROM’ option. The failed 
computer had a defective DVD/CDROM! What a 

testimony to the work of Klaus Knopper! 
Domestically, there have been a larger number of 
students working at home on their Radiance projects. A 
number have been attending classes with laptops of 
varying ages and manufacture. Of those requesting 
assistance, two laptops required minor modification of 
the boot instructions: one required the instruction to 
disable SCSI system (there were not any SCSI drives in 

the computer), while the other required the disabling of 
the advanced power management function. These 
modifications are as simple as entering in the following 
command during the boot sequence: 
• knoppix noapm disable Advanced Power Management 
• knoppix noscsi disable SCSI system 

 
3.2. Teaching program 

As is typical of teaching, the model has developed over a 
number of years. There is limited time, only nine hours of 
tutorials in the Building Science (Lighting component) for 
the development of lighting simulations. Therefore, the 
teaching revolves around the need to allow students to 
experience the outcomes of simulations rather than the 
development of models. Whilst it is recognised that this 
could be done with any of the traditional modelling 
methods, simulations are used as they allow the students 

to experiment with the lighting outcomes without 
specialist support or model making experience. The 
objective is to have students see how lighting interacts 
with the design of spaces thus becoming more conscious 
of the importance of designing the lighting. 
As the software and operating system is foreign to the 
students, the students are led through structured 
tutorials: 

• Introduction and viewing an object – designed to 
familiarise students with some of the Radiance tools and 
exposing some of the power of the software; 
• Limited exercise in modelling a room; lit with one light 
and later with daylight for a specific time and location; 
• Exercise in using artificial lights and experimenting with 
colour, directionality of the light, colour bleed from 
reflections, etc 

• Light an Art Gallery project based on the art gallery 
published in ‘Rendering with Radiance’ (Larson and 
Shakespeare 1998). See Figure 3 for Images of the 
project. 
All the relevant material, including the study guide are 
contained on the CDROM for these tutorials with the 
exception of the one modelling exercise file, which the 
students are expected to create. Students are 

encouraged to experiment with the gallery. They are 
required to light each of the art works, including a 
photograph to be ‘hung’ on the wall, and to provide 
adequate space lighting. Students are encouraged to 
import images to ‘hang’ on the walls. Some of the more 
advanced students have also imported 3D models, 
though that is not covered in any of the tutorials. 
 

 

 
Zhang, Hong Yu (2004) - used with permission 

Figure 3: Images from the Art Gallery Project 

 

4. DISCUSSION 
 
Experience instructing Architecture and Interior 
Architecture students in Building Science (Lighting) have 
indicated that the move from traditional forms of physical 
modelling tutorials to the computer-based approach for 
lighting visualisations has been well accepted. The 
quality of previous physical modelling results has been 
directly related to the ability of the students to accurately 

and realistically model, furnish and paint the space. 
Further, the choice of model lighting has been extremely 
limited. Reporting the qualities of the model space was 
limited to video, or still frame cameras appropriately 
equipped for model photography. To achieve acceptable 
quality photographs required specialist support in 
equipment and skills. Further, time limits on courses and 
student assignment have been responsible for 

unreasonable pressures on students. 
It is expected that student reactions to using computer 
VISUALISATIONS will be varied dependent on 
individual’s aptitudes and skills. Most students tend to 
complain when confronted with command line based 
software. After all, almost all students will come to the 
class with experience using the familiar graphical user 
interfaces whether the Microsoft or Apple Macintosh 

varieties. What is disturbing is the increasing prevalence 
of the attitude of ‘if you cannot do the job by clicking with 
the mouse, then the task cannot be done!’ Commercial 
software vendors tackle this problem in a variety of 
methods: Autodesk (AutoCAD) provide a multitude of 
floating toolbars to duplicate the keyboard commands – 
resulting in significant amounts of mouse ‘clicking’ to drill 
down to the desired command, and reducing the 
available screen area for viewing the model. Graphisoft 

(ArchiCAD) provide a mouse-orientated interface with 
limited keyboard interaction. If ‘clicking’ cannot do it, you 
will need to build it using the ‘Graphical Description 
Language’. It is interesting to note that the Desktop 
Radiance version, which integrates into AutoCAD 
R14/2000 has not been maintained over the last three or 
more years, whilst the UNIX version is in continuous 
development (see http://www.radiance-online.org). 
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Often the mouse reign results in a reduction of the 
available instruction set to what can be presented using 
dialogs and slider controls. The developer of the 
Radiance software has refrained from these 

simplifications as he maintains that it would reduce the 
flexibility of the software for research usage. In the 
author’s experience, the students who resist using the 
keyboard most are those same students who in CAD 
prefer to place items by eye rather than making 
deliberate decisions based on measurements. Typically, 
most CAD systems have a variety of input methods. 
Though the experienced user is able to use these 

methods for precise placement, the inexperienced user 
makes placements by eye and trust! Usually after the 
first two or so tutorials, most students have accepted the 
need to make conscious dimensional decisions and have 
little trouble manipulating the software for placement of 
fixtures. After all, with accurate placement of fixtures, 
directing the lights to the required locations is much 
easier. 

In the opinion of the author, for teaching of lighting 
visualisation in the Architecture and Interior Architecture 
disciplines, numerical accuracy is important in selecting 
visualisation software. Students require software, which 
can both be reasonably accurate, can simulate both 
artificial and natural light sources and can provide a 
visually rich environment, which stimulates them to 
develop highly resolved lighting solutions based not only 

on minimum required illumination levels but on 
appropriate and interesting/stimulating/relaxing visual 
environments. As Richard Meier, architect of the Getty 
Museum, Los Angeles states light ‘is part of the structure 
of the thinking of architecture’ (in From Shadow to 
Sparkle 1998:1). The Radiance software provides this 
environment though not in the Microsoft windows 
environment – there are binaries available for the 
Macintosh OSX system (still uses the command line 

interface of UNIX). 
 

5. CONCLUSION 
 
The bootable CDROM, as implemented at Curtin 
University provides a flexible inexpensive solution for 
teaching lighting simulation in standard PC computer 
laboratories both on-shore and offshore requiring zero IT 
software/computer management. Students have access 
to leading research level software that can be used on 

home/laptop computers. The current Knoppix based 
CDROM, requires reasonable amounts of memory 
(90MB that is lower than most new computers) and can 
run on PC’s from 386 onwards. The modern look and 

feel of the KDE graphical user interface is intuitive and 
has proven to be readily accepted by the students. 
Extension for the teaching model to provide for more 
CAD conversions and modelling is envisaged being part 

of elective/optional units for students interested in taking 
visualisation further. As LINUX and Radiance are both 
open source, many people around the world continue to 
evolve both software. Currently the author is 
experimenting with creating a working Radiance cluster 
based on the Knoppix CDROM and openmosix 
(http://openmosix.sourceforge.net) extensions to the 
LINUX operating system. Radiance already has in built 

support for parallel processing but setting up clusters is 
normally very sophisticated and not envisaged for your 
typical computer laboratory full of ‘off the shelf’ 
computers. Deployment of a CDROM based offering with 
auto configuring capabilities would be an interesting 
addition to allow bigger and more complex 
modelling/rendering over shorter times. 
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ABSTRACT: This paper explains the theoretical and practical objectives of infosense, a studio for 
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collaboration and innovative modes of interaction were fostered, and demonstrates the way in which 

frontier scientific developments influenced students’ creative practice and conceptual ideas by 
explaining a number of student designs. The aim of this paper is to provide inspiration and experiences 
for others who may be interested in teaching design studios in which digital and interactive 
technologies unify interdisciplinary artistic and scientific design knowledge. 
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INTRODUCTION  
 
This paper examines novel approaches to designing 
interactive and responsive experiences in smart, sensing 
environments within an educative context. The 
discussion is based upon a constructivist design studio, 
called infosense (short for information-sensing), in which 
students were encouraged to develop meaningful 
connections between the behaviour of users and the 

design of a responsive, generative display. A 
constructivist educational approach essentially promotes 
learning by doing and encourages experimental, 
developmental progress. Few opportunities in the 
traditional framework of assessment-driven tertiary 
courses provide ample time, resources and support for 
such learning experience.  Students were motivated to 
move beyond the traditional computer screen and 
develop an interactive display or multimedia installation 

that integrates novel external sensor hardware. A 
physical sensate space was considered as a crash-test 
environment for new ideas of interactive multimedia 
installations that react to user interactions gathered from 
diverse non-intrusive input devices. Movement was 
tracked in a sensate lab equipped with a large array of 
hidden pressure-sensitive floor mats while the output 
display incorporated both a life-size responsive 

projection and an auditory display in form of a small 
array of powerful speakers.  Students designed, 
developed and implemented creative art installation 
projects that merged principles from both the fields of 
visualization and sonification. As a result, they reflected 
upon multi-user interactions in an artistic context through 
a useful, practical implementation. In fact, the 
constructivist studio concept forced the students to enter 

a relative unexplored terrain in computer-centred 
education, most importantly because they were required 
to develop a meaningful concept and an according 
working prototype that incorporated many technological 
hurdles and had to be demonstrated live during a public 
exhibition. They discovered rapidly that developing 
interactive applications for smart spaces is designing “a 

user-engaging experience”, where the focus should be 
directed on the engagement and curiosity of users and 
not necessarily on interface effectiveness, usability 
performance or other task metric considerations. 
Consequently, the students were provided with a 
summary overview of the most explorative 
interdisciplinary fields that are closely related to the 
proposed design process. 

 

1. BACKGROUND  
 
Topics such as interactive art, building intelligence, 
sensate environments, artificial life, sonification and 
creative information visualization formed the 
interdisciplinary, inspirational background against which 
the students were required to develop an interactive 
display for sensing spaces. These subjects were taught 
as an open thematic playground that is supposed to be 

freely explored by the students in search of meaningful 
but appealing concepts for their studio projects. 
 
1.1. Interactive Art  
A background study of interactive art installation and 
performative works involving innovative interfaces, non-
tactile interaction, motion tracking, and artistic immersive 
virtual reality works opened the way for investigation of 

interactive digital media away from the conventional 
keyboard and mouse devices. It was observed that there 
exists a connection between interactive art works and 
the fields of Artificial Life, generative and genetic 
structures.  Students were challenged to re-think 
conventional interfaces, e.g. through works such as 
Christa Sommerer and Laurant Mignoneau’s (1993-
1997) interactive art installations that use Artificial Life 

principles to “grow” digital plants on screen in response 
to a tactile interface consisting of real, alive plants 
situated around the exhibition. 
Access, illustrated in Figure 1a, uses surveillance 
tracking to spotlight and acoustically target pedestrians 
in an indoor passageway (Sester, 2003). Naturally, 
people start behaving erratically, in a paranoid or playful 
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fashion, when influenced by such mysterious immersive 
techniques. Other passers-bys are attracted to the 
curiosity of the illusionary intelligent effect, which is 
largely successful because of the invisibility of the 

tracking mechanism. The often troubling or stimulating 
confrontations between ethical and curious (public vs. 
private, and design vs. surveillance) issues fascinated 
students. Students were motivated to question traditional 
modes of interaction and to try to elicit group responses 
and active participation. In addition, they were shown 
some examples of interdisciplinary influences from 
different scientific fields, such as the Ada project, an 

interactive space with multiple sensors and effectors 
developed by the Institute of Neuroinformatics at the 
University of Zurich as a true simulation of neuro-
informatical principles of human brain functions (Eng, 
Baebler, Bernardet et al., 2003)(see Fig. 1b).  
 

 
Source: (Sester, 2003)    (Eng, Baebler, Bernardet et al., 2003)  

Figure 1. (a) Access tracks individuals in public places. 
(b) Ada, the intelligent room.  

 

1.2. Building Intelligence  
The building industry is slowly but surely adapting to the 
current developments in electronic technology, including 
the miniaturization of commodity sensing and controlling 
hardware. Simultaneously, one can perceive a clear 
separation between physical building and so-called 
information processes. Influences from the world of 
Information Technology have influenced the current 

building practice in so far that the functions the building 
has to fulfil are considered as ‘services’, adaptable and 
controllable by a multitude of high-tech devices in real 
time. As such, buildings are becoming more aware of the 
activities and the demands of its users, a process which 
requires the integration of various sensing devices that 
measure multiple input stimuli, including presence, 
activity and movement. So-called ‘smart’ algorithms in 

turn interpret these incoming data streams for security, 
climate control, collaboration or media communication 
purposes (Streitz, 2003). 
 

 
Source: (Gershenfeld and Krikorian, 2002)  

Figure 2. MIT’s Media House in Barcelona. 
 
Due to the human appreciation of tactile and direct 
means of interaction, the preferred means of interfacing 
within such so-called ‘intelligent buildings’ will most 
probably never disappear completely, although current 
technological advances in electronic technology render 

both input and output devices less intrusive and more 
intuitive for potential users. In fact, over a period of time 
computer displays have established the context in which 
we are familiar with the interaction occurring. For 
instance, as pictured in Figure 2, the MIT Media House 

in Barcelona is a modern example in which the building 
structure itself acts as the network. Consequently, input 
and output devices can be freely placed, connected and 
configured, and people become the instruments of 

initiation. When experiencing intelligent buildings and 
sensate spaces, the room, the environment – 
furnishings, walls, floor and space – merge the ‘box’ and 
the display while the human, even our body, becomes 
the instrument of interaction, so that, in the words of 
Myron Krueger, “the response is the message” (Wardrip-
Fruin and Montfort 2003). In this context, our studio 
course attempts to provide students with a real-world 

context in which creative designers are needed that are 
capable of technically and conceptually developing 
engaging and meaningful physical spaces that interact 
with the users for augmenting or supporting their 
activities. 
 
1.3. Sensate Environments  
Sensate environments refer to spaces enabled with 

embedded, passive sensors that can capture information 
streams about users’ activity, motion, number, proximity 
to walls and objects. Sensor devices range from 
pressure sensitive mats (as used in our physical studio 
environment) to infrared (IR), video and web cameras, 
sensors for distance, temperature, sound levels and 
radio-frequency (RFID tags) distributed networks of tiny 
receptors. Examples of sensate spaces include the 

Intelligent House at MIT, the Nanohouse at UTS and the 
Sentient Lab in the Faculty of Architecture, University of 
Sydney. Increasingly, sensate technologies are 
becoming ubiquitous and inexpensive so that designing 
for sensate environments is a newly necessary concept 
to anticipate and address as an emerging contribution to 
building intelligence (see also section 1.2. Building 
Intelligence). Sensate environments are thus becoming a 
context in which to design both performative installation 

experiences that use active sensing, as well as ambient 
displays, which in turn employ passive, embedded 
sensing. The ‘active’ category of sensors consists of 
devices that require conscious, often physical interaction, 
by wearing special clothing, goggles, or implants, and 
are currently commonly used in performative and artistic 
installation works. In the contrary, users are not 
intrinsically aware of ‘passive’ embedded sensors, as 

these do not interfere with normal social interaction 
between humans or between humans and the 
surrounding space (Beilharz 2003; Beilharz 2004). Data 
for social reflection is derived from activation of sensor 
devices, e.g. pressure sensitive floor mats functioning by 
piezoelectric conductivity, which are often used in 
multimodal art work, such as Elysian Fields (Edmonds, 
2003) or the Magic Carpet (Paradiso et al. 1997). 

Alternatively, infra-red, video tracking and analysis or 
radio frequency emitting identification (RFID) sensors 
can be used that are minute, embedded or distributed 
(networked widely and inexpensively) in a space. In the 
future, nano-electromechanical systems and micro-
electromechanical systems may even become currency 
in inter-human sensing processes (Mitchell 2003). Other 
sensing devices include: gesture-sensing radars using 

microwave sensing for recognising non-contact gestures, 
smart walls with infrared and video tracking that use 
computer vision or laser range detection to detect human 
motions and interactions (Paradiso 2002), or so-called Z-
Tiles, a sensate floor made from networked tiles 
(Richardson et al., 2004). The field of ambient displays is 
concerned with non-tactile, non-computer/mouse 
interaction metaphors. It generates comprehensible 
representations, either visualizations or sonifications, 
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through which this interaction (e.g. mobility, proximity, 
location and number of people) is able to provide an 
immediacy of reflective and reflexive design. 
Accordingly, interest, curiosity, and intrigue motivate 

users to make their bodies and behaviours (and their 
social interaction with other humans) the instrument of 
interaction. Therefore, a successful representation is a 
seamless auditory and visual display of interaction, with 
or without awareness, in which the consequence of all 
generative design arises from actions in the merged 
display and interaction space.  

 
1.4. Artificial Life  
The original driving force behind artificial life research 
was the need to understand complex systems that shape 
human life and much of our immediate world, including 
the process of evolution, learning, the immune system 

and the world economy. Currently, artificial life research 
focuses on biological issues (evolution, origins of life), 
practical applications (optimization problems, computer 
animation) and principles of intelligent behaviour. For 
instance, insights in artificial life demonstrated how a 
small set of behaviour rules, valid for each member of a 
well-defined population, is capable of generating 
emergent global phenomena, such as the global 

behaviour of ants or flocks of birds, or the biological 
creation process of shells and plants. In effect, by 
applying well-chosen cause-and-effect rules 
simultaneously for a large collection of elements, specific 
phenomena can be expressed that surpass the simple 
interactions that are originally implemented. Basically, a 
database is made up of a set of local behaviour rules to 
be followed by the objects that are being displayed, 

usually called ‘actors’. Such rules are applied locally, in 
two senses: each individual member contains its own set 
of rules, and the future state of a member only depends 
on its immediate neighbours. An autonomous actor 
determines its own actions, at least to a certain extent, 
and is thus provided with some ability to ‘improvise’. 
These principles are so powerful that they can be used 
for various purposes, from typical optimization problems 
and complex simulation to time-varying information 

visualization applications (Vande Moere, 2004). As one 
of the goals of the studio was to generate and display 
seemingly ‘intelligent’ and engaging behaviours that are 
based upon simple user interactions tracked by a 
sensate environment, the large, interdisciplinary field of 
artificial life formed an ideal source of inspiration. Some 
simple but effective simulation techniques of complex 
behaviour generation were discovered and tested, 

hereby forming the basis of several truly reactive 
installations. Using the principles of emergence 
generation and simulation, certain level of intelligence 
can be expressed by the displays, which in turn became 
interesting enough to be explored by its users. 
 
1.5. Sonification  
Scientific sonification of abstract data is usually intended 

to illuminate or augment our understanding of abstract 
(often non-visual) data using sound rather than 
visualisation. The objectives of socially reflexive 
sonification include:  
• to invoke interaction by social and spatial behaviour 
using non-tactile interface or sensed triggering  
• to create an aesthetic ambient display, that is both 
artistic and informative (in addition to purely scientific 

sonification of abstract data)  
• to achieve a correlation between auditory 
representation and the understanding of the space 
Students were encouraged to map logical and 

comprehensible correspondences between actions or 
environmental conditions and auditory representation, by 
producing real-time responsive audio. Generally, 
students were more familiar with such correspondences 

in a visual domain, i.e. students required more time to 
develop connections between density of activity and 
sonic textural complexity (clusters of pitches), to relate 
sudden actions to dissonant harmonies, and to develop 
correlations between representative auditory motion and 
tempo. Some artists have already sonified abstract (non-
visual) and non-contextual datasets such as 
meteorological and stock market data to art works. 

However, the design studio was focusing on a slightly 
different approach. Students sourced their information 
and signals from the same framework as the playback 
context. Consequently, the system is listening to  
itself, so that it had to be iterative, recursive, reflexive 
and intentionally designed to inspire further interactivity 
among its occupants. As a result, the students were 
confronted with two challenges: to understand how to 

transform electronically generated sounds to produce the 
desired outcome using new filtering and manipulation 
techniques (ring modulation, FFT filters, pitch 
modulators, loops, etc.), and to connect the sonic 
behaviour to interactive triggering. 
 
1.6. Creative Information Visualization  
Information visualization challenges the need to 

represent the structure of and the relationships within 
abstract data which lacks any physical representation. 
Information visualization thus clearly differs from so-
called scientific visualization of physical data, which 
implicitly carries the spatial layout that can be visualized 
by forms of graphical reproduction. Over the past few 
years, developments in information visualization have 
become increasingly focused on task metrics 
measurements, usability enhancements and the 

generation of organization algorithms for massive 
amounts of raw data. As research increasingly dealt with 
such efficiency and convenience considerations, the 
specification of a corresponding interaction design was 
neglected and even became separated from the 
application development process. At the same time, 
many new media interfaces have been developed that 
seem pleasing to the eye and joyful to use, and clearly 

considered the concept of user experience during the 
early design stages.  In addition, application designers 
agree that users not only perform a certain task with a 
fixed goal, but also like to experience an agreeable joy 
alongside it. In fact, issues of affective and emotional 
responses to interactive systems are exceedingly 
important within the communities of human factors, 
product design and design research. The need to 

understand and create emotional and aesthetic 
connections between people and products seems to be 
increasing (Westerlund, 2002). Like a garden design with 
vantage points that hide, reveal, and accentuate a series 
of features, well designed information landscapes should 
provide a meaningful context, be inviting and 
comfortable, and their exploration should be a true 
delight (Small, 1998). Some usability experts stress the 

importance of beauty, fun and pleasure. They even 
prove that attractive things work more effectively by the 
combination of cognitive and affective factors (Norman, 
2003). For instance, a reactive multimedia installation 
could express several data outputs to users in the 
periphery of their attention. Accordingly, ambient 
visualizations demonstrate how the introduction of 
digitized media facilitated the translation of information 
into a more subtle sensory language that appeals to the 
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unconscious senses of human intuition. Ambient displays 
are abstract and aesthetic side-lined displays portraying 
non-critical information. Architectural spaces and 
surfaces are morphed into interactive ‘interfaces’ (Ishii 

and Ullmer, 1997), presenting information within a space 
through subtle changes in light, sound and movement, 
which can be processed in the background of awareness 
(Wisneski, Ishii, Dahley et al., 1998). Within the context 
of the studio, generative multimedia installations that are 
capable of reacting to people’s movements and activities 
were considered as a possible form of ambient 
visualizations. Such abstract representations are capable 

of triggering the cognitive perception of people and 
hereby augment the effectiveness of user activities or 
facilitate specialized functionalities and communications 
means.  
 

2. STUDIO  
 
The studio strategy merged interdisciplinary influences of 
several different fields as described above with the 
hands-on experience of developing such interactive 

installation itself. The more practical course unit 
organization is explained in the following paragraphs.  
 
2.1. The Sentient  
The Sentient is a new laboratory space at the Key 
Centre of Design Computing & Cognition at the 
University of Sydney. This room was conceptualized to 
incorporate various commercially available and self-

developed passive input and output devices that focus 
on the non-intrusive tracking of people and the 
representation of their activities without the danger of 
privacy issues. As illustrated in Figure 3, the room is 
equipped with a large array of relatively cheap, of-the-
shelf pressure-sensitive mats, hidden underneath the 
carpet, which are all connected to a single, powerful PC. 
Teleo modules (Making_Things, 2004) form the link 

between this sensing hardware, the PC and the software 

application that had to be designed by the students. 
These modules connect directly to a computer via the 
USB standard, and effectively enable the connection of 
multiple simultaneous input devices by recognizing and 

communicating the voltage inputs from a whole set of 
possible hardware devices (Fig.4). Max/MSP (cycling74, 
2004), a visual interface for object oriented, node-based 
programming of video/graphical and sound elements, 
was used to control the input and generative output 
activated by users’ movements on pressure mats, 
received via the Teleo module interfaces (Fig. 5).  
 

 
Figure 4. MakingThings™ Teleo module circuitry 

connects analogue and digital hardware sensing devices 
to the processing computer (running Max/MSP) via USB.  
 

Students were encouraged to distinguish between digital 
sensors that behave like switches (e.g. pressure mats) 
and analogue sensors capable of producing a graded 
output range (e.g. temperature sensors, light meters, 
proximity, bend and ultra-sonic sensor types) within their 
conceptual design approach.  
 
2.2. Design Process  

Demo-oriented teaching enables a fluent transition from 
early conceptualization to hands-on development. In 
effect, building real-world working systems forms a key 
proof of concept to evaluate the success of a new idea, 

 

 
Figure 3. The Sentient Lab (2 views) showing the “invisible” pressure sensitive floor mats embedded underneath the 
carpet, triggering the visual and auditory sound system and (right) before carpeting the grid of pressure mats laid on 

the floor, networked to the Teleo modules for conversion to a USB interface.  
 

 
Figure. 5. Configuration of sensate system indicating input from digital pressure sensor mats (and other sensor 
devices triggered by user interaction – button, infra-red, piezo-pressure detection, temperature, light-sensitive 

photocells, proximity, RFID tags) that provide data for the generative process.  
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and implies a continuous assessment during the 
development process. By consequence, the students 
had to develop their own project concept, dividing and 
managing the tasks at hand to accomplish the final 

deadline which coincided with a public exhibition of all 
the students works accomplished within the multimedia 
course stream. Four different groups, consisting of both 
students with some programming knowledge or 
analytical design skills, had to design, develop and 
prototype an interactive installation that was based upon 
the usage of passive, embedded input devices that are 
capable of tracking the presence and movements of 

people. It was requested to generate well-considered 
output procedures that reflected the dynamic behaviour 
of the people within the sensate room and augmented, 
altered, or mimicked the physical activities taking place. 
In addition, the project guidelines put a strong emphasis 
on the combination of both visual and auditory means, 
and the potential interdependencies between these. 
Students had to work with the Max/MSP + Jitter 

authoring environment, which is capable of handling 
various multimedia formats, including music, audio and 
video. The software originated from sound design and 
performative electronic musical composition at Pierre 
Boulez’s IRCAM studio in Paris. It is basically a graphical 
programming environment, as it utilizes a visual toolkit of 
behaviour objects that can be connected with so-called 
patch cords. These graphical objects either perform 

some sort of calculations or make up the user interface, 
while signals and data flow from one object to the next 
(Fig.6). As extra add-ons onto Max, which basically 
includes MIDI, control, user interface, and timing objects, 
MSP contains set of audio processing objects, while 
Jitter offers a set of matrix data processing objects 
optimized for video and 3D real-time graphics. This 
software has the strong advantage of letting users work 
directly on the processing level, even while the program 

is executed. As a result, the software interface is more 
intuitive and easier to learn that text-based software 
synthesis programs or traditional programming. 
Guest lecturer Professor Ernest Edmonds, Director of 
the UTS Creativity and Cognition Lab, addressed a 
heritage of interaction and cognitive design that informs 
our understanding of responsive spaces. He 
demonstrated, through a range of his own work, the 

importance of conceptual design, or the response to and 
invoking user behaviour, that traverses several 
technologies. In fact, it is this foundational concept of 
experience design that has greatest gravity. Edmonds’ 
own work ranges from experimental programming in 
Prolog and early video constructs through to 
contemporary work for interactive improvisation and 
visual installations using Max/MSP. Most students 

typically undertook the studio in their final semester of 

their graduate Digital Media Master’s Degree coursework 
program. The students in the program have different 
levels of experience and come from diverse 
backgrounds, including computer science and digital 

media or graphic design. Few have been previously 
challenged to design interfaces and interaction outside 
conventional computing parameters and few have 
considered the semantic mappings between spatial and 
social behaviour and their visual or auditory 
representation.  
 

3. RESULTS 
 
The next paragraphs describe the variety of concepts 

explored and designed by the students. These 
explanations demonstrate how novel ideas of interaction 
and sensor interpretation can be prototyped in a real-
world context, by incorporating insights from diverse 
disciplines, such as information visualization and 
sonification.   
 
3.1. Ripple Interaction  

One student group represented the user interaction as a 
series of acoustic and visual events that influence each 
other, mimicking the close interdependencies, 
unpredictable consequences and chaotic chain of 
reactions of everyday events in today’s society. As such, 
they choose ripples to act as metaphorical analogy of 
user actions, which spread, influence and overlap each 
other within a shared visual and auditory space. Their 

mapping algorithms were designed so that the 
unpredictable interplay of events was reflected as 
unpredictable, emerging interference effects by 
overlapping multiple ripples on top of each other. In 
effect, the indirect combination of dynamically generated, 
closely mapped radial circles is capable of generating 
visually intriguing Moiré patterns that encourage users to 
explore the underlying user interaction interpretation 

algorithms. Different variables, such as the size, initial 
position, spacing, colour, life span and movement of the 
ripples were mapped unto well-considered input streams, 
such as the previous activated pressure mat positions, 
the elapsed time durations since the last activities, and 
the number of mats activated simultaneously at any 
given time. Notably, instead of directly developing literal 
cause-and-effect procedures or random variables 
settings, the students chose to design a set of 

interpretation rules that had to be deliberately explored to 
be fully understood. As a result, users become engaged 
and immersed within the installation, as the reactions 
generated by the installations are intrinsically 
unpredictable and thought-provoking. 

 

 
Figure 6. Two Max/MSP patches in which sensor input from different pressure mats trigger different behaviours.  
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Figure 7. Emergent energy: user movements influence the generation of Lindenmayer system generations.  

 
3.2. Dynamic Particle Simulation  
The principle goal of this student group was to represent 
regions or zones on the pressure mats by different 
colourations in the visual display and use the density of 
particle systems displayed on the screen to correlate 
with the level of activity or density of people in the 
sensate space. Different actions trigger an array of 

particle designs so that, over time, the user experiences 
diverse visual outcomes. The purely abstract 
representation emphasised issues of orthogonality (i.e. 
changes in one variable that may influence the 
perception of changes in another variable) in which 
density of activity, number of users and speed of mobility 
usually concurred in dramatic particle proliferations and 
few users produced near-stasis (Neuhoff, Kramer and 

Wayand, 2000). 
 
3.3. Emergent Energy  
One student group attempted to trigger the inquisitive 
nature of people, by encouraging users to explore how 
their actions stimulate the auditory and visual displays 
within the room, while their interactions are interpreted 
and represented in abstract forms. Both temporal and 

spatial movements triggered by the sensor areas of the 
pressure-sensitive mats control the generation of the 
graphics. Movement is not directly symbolized visually or 
auditory but provides a measurement of the expended 
human energy, which influences the generation 
procedures of a Lindenmayer system (Lindenmayer, 
1968) (Fig.7). In effect, users cannot shape the graphical 
representation itself, but instead are limited to the 

manipulation of its creation process. As such, a 
distinction is made between the phenotype, which is 
perceptible to users and as such influences their 
(re)actions, and the genotype, or the algorithms that 
drive the generation itself. Accordingly, this system takes 
into account the number of people activating the sensor 
mats simultaneously, the time spent active or inactive, 
and the relative level of activity. In practice, the system 
extracts two continuous data streams from the pressure 

mat array: the footstep frequency, or the number of steps 
per second indicates whether people are moving quickly 
or slowly, and the relative physical size of these steps 
(for instance, a slow sequence from distant mats might 
indicate a jumping user, while fast activations from a row 
of mats could represent a run), and the relative activity 
levels within a larger floor area (areas of activity that are 
closely together are related in term of causality of the 

activity, either by a single, very active person or a large 
number of relatively inactive people). The relative sizes 
of both these input parameters are proportionate with the 
resulting effects on the display. Temporally fast footstep 
frequencies increase the complexity of the Lindenmayer 

generator function, while close footsteps generate more 
intense, warm colours. Simultaneously, adaptations are 
made on a diverse set of visualization attributes, such as 
line length, size, colour, branching and drawing speed, 
all with the goal of encouraging potential users to explore 
the possibilities of the human body movements as an 
input device in its own right, capable of influencing the 

generation principles of life-mimicking creatures on the 
screen.  
One could image a more sophisticated version of this 
installation, which would be capable of incorporating the 
wishes from users through a system of evolution and 
extinction. By learning from user interactions, e.g. the 
most common mat inputs and speeds, and fine-tuning 
the continuous loop between the display and user inputs, 

a unique, optimized Lindenmayer could result that is 
adapted to the installation environmental factors such as 
the audience preferences, their relative movements, and 
the used hardware specifications. Consequently, a whole 
set of highly advanced Lindenmayer systems could 
emerge that are highly entertaining for users in both a 
passive sense, by the visual and auditory perception and 
evaluation of the displayed results, and in an active 

sense, by generating appropriate direct adaptations to 
user interactions.  
 
3.4. Obstacle Simulation  
The last group of students developed the idea of an 
interactive media installation that is both engaging and 
meaningful. As such, they chose to design an application 
that would simulate and provoke the skills necessary by 

the visually impaired when avoiding physical obstacles. 
In fact, visually impaired people consider it often hard to 
navigate in unfamiliar or continuously altering 
environments. However, current research has developed 
various technologies to assist them, using the other 
senses for warning or guiding purposes. Real-world 
examples of such technological advances include 
ultrasonic sensors detecting physical objects using 
sonar-like principles, or so-called soundscapes (Meijer, 

2004), which are capable of mapping locations and 
relative positions in a way that can be understood by the 
visually impaired. As a direct analogy, this installation 
represented the relative distances to imaginative, virtual 
obstacles with differences in sound and visual effects. 
However, during the project development, the concept 
became more elaborated and evolved more into a simple 
game of exploring and detecting the virtual objects within 

the room. In practice, a virtual object was randomly 
assigned to a single pressure sensitive mat, and the 
mats within its direct orthogonal and diagonal perimeter 
were assigned with different sensitivity levels. Depending 
on the user position in relation to the object to be 
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avoided, different sound effects were emitted, and the 
visual display became altered accordingly. As a result, 
users could learn the interdependencies between the 
sonification and visualization outputs, and learn the 

object’s physical position in a more effective way. 
Accordingly, this installation demonstrates how people 
could be immersed within interactive installations while 
learning its input interpretation and output generation 
principles for meaningful goals, while mimicking gaming 
and entertainment principles. 
 
3.5. Discussion  

Some students considered this course unit as relatively 
challenging, mainly due to the relatively high level of 
dependencies on novel, and thus relatively unknown, 
hardware and software tools. Moreover, only a few 
examples exist utilising these authoring tools above 
‘hard-coding’ mechanisms to develop interactive display 
installations, while educational tutorials or example code 
were almost impossible to find or retrieve. In addition, 

some original sophisticated concepts that incorporated 
ideas of tracking temperature, lights, or sound levels or 
that were intrinsically dependent on technically high-level 
functionalities, such as the recognition of faces, 
movements or gestures, had to be abandoned in favour 
for more simplified approaches that solely focused on the 
pressure mat array as the main input device. As such, 
more time could be dedicated to project 

conceptualization and interaction interpretation 
algorithms instead of traditional, direct output reactions. 
One can observe that students chose to move away from 
deterministic representations that make direct 
connotations between input streams and output results, 
as these were considered as less engaging and provoke 
little user exploration. Instead, different methodologies 
were implemented that manipulated meaningful variables 
of input interpretation and behaviour generation 

procedures. As such, the students deliberately preferred 
to design generative algorithms instead of direct cause-
and-effect interaction results. At first, this approach was 
almost considered as too novel, as such paradigm 
moved away from the traditional user interface and 
interaction techniques the students were highly 
accustomed with in various other contexts, such as web 
design, animation, 3D real-time multimedia, and so on. It 

should be noted that the obvious danger of such an 
approach that translates user interaction into generative 
manipulations is the relative unpredictability of the 
outcome on the display level, as there is no predefined 
connotation between an action and its reaction outcome. 
Therefore, a considerable amount of time needs to be 
dedicated in the thorough testing and evaluation of the 
auditory and visualization generation rules. At the same 

time, the students were highly encouraged and felt 
responsible for the technical, conceptual and aesthetical 
qualities of the whole work by the fact that the works 
would be exhibited in real-world circumstances during a 
public exhibition, which opened up their installations for 
an audience of hundreds of people.  
 

4. CONCLUSION  
 
The students learned to collaborate with each other and 

with various outside partners who demonstrated their 
past experience with interactive multimedia installations 
and the use of interactive installation authoring software 
packages. Furthermore, they worked with a set of new 
multimedia authoring tools that is focused on interpreting 
signals from novel input devices into interactive auditory 
or visual counterparts. As such, the students had to 

reflect upon the usage of novel input and output devices 
such as pressure-sensitive mats and life-size displays, 
and moved away from the traditional keyboard, mouse, 
and computer screen. At the same time, the participants 

had to deal with a rich set of inspirational sources that 
showed how such technology will be used in everyday 
life, such as in the fields of intelligent buildings, ambient 
visualization or sonification. In addition, many 
discussions and brainstorming sessions dealt with how 
such technological advances could be utilized for 
potential applications in a creative or art contexts. By 
providing the students with this open and thought-

provoking framework, they moved away from traditional 
interfaces and task-centred goals that can be 
encountered in most computer applications or software 
programs, and incorporated ideas of user engagement 
and the role of aesthetic and emotional design. In 
addition, instead of developing interaction mechanisms 
that display a direct consequence of user actions, they 
broke with traditional rules of human-computer 

interaction and chose instead to encourage users to 
approach the installation with explorative gestures and 
actions. Consequently, they learned by own experience 
that developing interactive multimedia installations 
requires its own language, theoretical background and 
conceptual ideas. The motivational strategy followed in 
this course unit was based upon the final demonstration 
during a well-visited exhibition. Almost naturally, students 

felt responsible for the technical, conceptual and 
aesthetical qualities of their work. However, it is 
considered that the students missed the experience of 
evaluating and reconsidering their design in a real-world 
situation. Consequently, in the future, user evaluations 
should be tightly incorporated in the overall design 
process, to facilitate a more detailed fine-tuning on 
different aspects of the sensate installation design 
process.   
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ABSTRACT: In the new ‘file to factory’ (Kolarevic 2003:31) digital environment, the aesthetic 
possibilities of fabrication technologies in particular are still evolving. How do designers innovate 
beyond the limits of what they know? Can the knowledge base of traditional building craft be 
augmented by new understandings gained through engagement with materials and digital 
manufacturing environments off the building site? 
At Unitec School of Architecture and Landscape Architecture (ScALA) we attempt to introduce students 
to technology directly as a means by which architecture might be explored and realised. An 
investigation of the current CADCAM and CNC machine resources available locally in Auckland 
provided us with the opportunity to offer an elective course in Digital Fabrication to a dozen students. 
The course set out to explore formal processes that we might not have seen before and to develop new 
understandings between designer and fabricator. 
This paper outlines learning objectives, the course structure, and discusses the final outcomes. The 
students engaged with fabricators to explore materials and processes that resulted in objects, not 
models. They were asked to embark on a process with all the parameters of professional activity; 
design agendas, deadlines, budgets, production and material constraints. 
 
Conference theme: Architectural education  
Keywords: digital fabrication, craft, CADCAM,  
 
 

INTRODUCTION 

 
The widespread adoption of CAD (Computer Aided 
Draughting) technologies within architectural practice 
suggests the increasing usefulness of CAM (Computer 
Aided Manufacture) technologies to the architect. CAM 
software writes the automated tooling paths for CNC 
(Computer Numerically Controlled) machinery that 
significantly reduces the set up and operating times of a 
number of cutting, bending, lathing and routing 
operations. Conventionally the prohibitive costs of 
manufacturing moulds, dies and prototypes limit the 
scope of original or novel component design able to be 
pursued within the parameters of a single architectural 
project. 
Theoretically such technology makes one-off production, 
batch production and mass customisation available to 
those designers who are involved in the production of 
unique objects, buildings and their components for 
example, and offers them some of the advantages 
usually reserved for the designers of consumer objects 
where mass-production justifies proportionately large 
research and development budgets. 
This paper describes an elective course for 4

th
 and 5

th
 

year Architecture students at ScALA Unitec and 
discusses its results. This elective investigated the 
application of CAM and Rapid Prototype Manufacturing 
(RPM) technologies in Auckland and tested the practical 
availability of these technologies to architectural students 
with little digital training. We briefly explored the 
theoretical issues driving digital work, manufacturing 
processes, industrialisation, notions of mass-
customisation of consumer products and architectural 
building elements. Students were introduced to a range 
of manufacturing processes and machinery including 
rapid prototyping technologies, (stereolithography), file 
conversion, spatial digitising, CAD modelling software 
CAM software and CNC fabrication machinery. 

1. MAKING, DIGITAL FABRICATION AND 
ARCHITECTURE 
 
Several learning objectives, phrased as questions, 
motivated this investigation of digital fabrication:  
 
1.1. Can the act of making be a basis for a model of 
architecture? 

Typically, designing an object leads to describing how to 
make it. Without that ability we risk a kind of isolation and 
also an obligation to carry out the making ourselves. 
Insofar as architects do not build directly they are 
engaged in the making of a set of instructions. More 
recently as Stacy has commented, the practising 
architect faces other barriers to a direct knowledge of 
making. 

The trend away from nomination and named specification 
to performance specification is a mixed blessing in that it 
further distances the designer from the maker. (Stacey 
1991) 

Students of architecture are at one further remove in that 
the drawings and models they make are rarely pressed 
into service for the purpose of a built end. The craft that 
they learn is one of representation using paper, card, 
line, colour and increasingly digital imagery. The tools of 
pencil and craft knife are replaced by the mouse to 
construct animated models of architecture that allow a 
visual interaction with the added dimensions of time and 
movement. This elective offered students an opportunity 
to make a set of digital instructions for the construction of 
an object. 
Architectural prototyping and 1:1 scale models have long 
been a part of traditional architectural activity. Besides 
modelling and drawing, prototyping is the other act of 
making that architects directly engage in. “The 
confidence to be gained from physical testing cannot be 
overstated”. (Stacey 2001:9) The ability to create virtual 
prototypes in CAD has initiated the development of 
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desktop machine tools conceived specifically for the 
studio or office. The attempt to forge the most direct link 
between visual representation and automated realisation 
has resulted in solid freeform fabrication or rapid 

prototyping processes which fabricate objects layer by 
layer in an additive manner under the control of data 
from a virtual prototype. These processes form physical 
prototypes of design components in non permanent 
materials (while they may be durable enough for some 
useful testing) without the use of moulds or other 
repetitive fabrication techniques and are to be 
distinguished from CNC machine tool processes which 
remove material in a subtractive manner and may 
operate on metals, woods, composite polymers and 
other more conventional construction materials. Two 
rapid prototyping processes readily available in Auckland 
are:  
Selective laser sintering: A 3-D printing process that 
forms parts by selectively fusing together a polymer-
coated starch-based powder. Virtual objects are cross-
sectioned and made layer by horizontal layer on a build 
platform. The movable platform is incrementally lowered 
into the build chamber and repeatedly covered with a 
thin uniform layer of powder which is sintered together 
using a Co2 laser at selective points described by the 
data file.  
Stereolithography: Using the same cross-sectioning 
principle an object is formed from a virtual model in a vat 
of photosensitive resin. The stereolithography software 
takes horizontal cross-sections of the digital model. 
Using liquid photo polymers a computer controlled laser 
scans the surface of the resin selectively curing only the 
areas described by the section of the object. The build 
platform drops progressively through the vat of resin and 
layers are formed from the bottom up. Solid resin forms 
require sanding and cleaning by hand. The rapid 
prototype might also serve as a basis for a mould for the 
full production of a component in another material (soft 
tooling).  
While these essentially modelling processes offer the 
industrial designer critical time advantages in the 
commercially driven research-to-market production cycle, 
they have yet to be investigated to any extent in 
architectural practice. The course set out to explore the 
applicability of these processes. 
 
1.2. How does the act of making inform the practice 
of architecture?  
It is useful to recognise that two models for making 
converge in the building of architecture. The tradition of 
craft-based on-site activity responds to the fragmentary 
and nomadic quality of building and retains a design 
responsiveness that gratifies designers but frequently 
frustrates the building industry. The second model, that 
of industrial mass-production, preoccupied 20

th
 century 

designers and lead to so-called ‘catalogue’ architecture. 
The specifying of ready-made proprietary products from 
a manufacturing environment, while responding 
symbolically to the technological polemic of the time, also 
reduced on-site work. Programming predictability and 
other advantages make it an approach still favoured by 
the construction industry. Conversely an uncritical 
reliance on ‘off the peg’ componentry narrows down the 
range of responses to any given design problem and 
leads to an impoverishment of the design culture that 
architecture operates within. Between industrial 
manufacturing and building craft lies fertile ground for 
contemporary architecture which new CADCAM 
technology with its flexible mass-customising potential is 
ideally suited to cultivate. Understanding new methods of 

industrial production can lead to fresh relationships 
between designer and producer while taking advantage 
of the benefits conferred by a more flexible systems 
approach to building.  
 
1.3. If tacit knowledge is an important and necessary 
condition of craft how do we innovate as designers 
beyond the limits?  
Designers today have a bewildering choice of materials 
and fabrication methods to select from. Our ability to 
make design decisions is almost directly related to our 
access to design information and technical precedent. 
Within the construction trades a wide degree of tacit 
knowledge is assumed. Today, when we ask for a 
sponged plaster finish, a bagged finish to blockwork, an 
adzed/band sawn/rough sawn or dressed finish to a 
timber beam, we assume that we are talking in terms that 
are widely understood by plasterers, carpenters and 
suppliers. There is an implicit or tacit understanding of 
how these surfaces are achieved, the tools to be used 
and the technique for using them to achieve the required 
effect. Architects learn this vocabulary early if they wish 
to be effective.  
How do designers continue to be part of innovation in a 
time of rapid technical, social and economic change? 
Increasingly the products society uses are made in 
specialist production environments using a range of tools 
and techniques that are unrecognisable and unfamiliar to 
us. Digital fabrication processes bring us closer to the 
machine tools of mass production and their operators 
with a new vocabulary and knowledge base. These 
processes offer various aesthetic possibilities that need 
investigation by architects. Indicative of these 
possibilities are CNC cutting processes using laser, 
water, or plasma which produce a kerf with differing 
visual characteristics. Many of these aesthetic 
possibilities arise when the machine tools are not being 
used to the level of precision at which they are designed 
to operate and thus escape the attention of their primary 
users. The expressive possibilities of tool bit marks and 
directional tool paths can be seen in Figure 1 with this 
table top designed for the Metaform Exhibition in the 
Auckland Museum 2003. 
 

 
 Source: (Budgett 2003) 

Figure 1: Metaform Furniture Exhibit, Author unknown, 
Tabletop surface exploits timber grain, topological 
surface carving, spherical geometries and bullnose 

tooling paths of router head for rich ornamental effect. 
 

1.4. How practically feasible is a seamless pathway 

from digital design to digital fabrication? 
How do we test our designs and what prototyping 
processes are available to us? How will we instruct 
others to make them? How do we talk about our work to 
fabricators in a way that will allow them to build it? If 
digital technologies offer us strategies for answering 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

345 

these questions, how can we make use of them? CAM 
software will write G-code automatically for the 
interfacing of a computer with a machine tool or process 
to achieve automated operation. Many CNC machines 
have their own particular software to do this. They will 
take standard .dwg, .dxf or IGES files and convert them 
into a numerical control programme. Most machine 
operators would not allow someone else’s G-code to be 
used on their machine and to this extent machine tools 
are still very reliant on skilled operatives with their own 
knowledge base. (Understanding spindle drive speeds, 
lubrication and cooling requirements, material positioning 
are all aspects of G-code programming.) While CNC 
machinery is used extensively in large scale 
manufacturing – for example in the car industry - it is in 
numerous small and medium-size enterprises where a 
new context for its use and development has been 
created. Today CNC cutting, punching, folding, milling, 
lathing and routing tools are routinely available for 
occasional small scale projects in the Auckland region 
and some fabricators welcome new ideas and new uses. 
How much support could we expect from them? The 
range and extent of skills required to participate in this 
activity was unclear at the beginning of the process. How 
useful were the three years of drawing, and digital 
training available in the undergraduate course going to 
be? Just how much new software knowledge would be 
required for students to begin to engage with the 
process? McCullough’s assertion seemed especially 
pertinent here.  

The more time people spend learning about and tinkering 
with computers, the less time they spend setting goals or 
applying existing skills. And at a most general level, the 
more we learn how to do, the less we know what to do. 
(McCullough 1996:67) 

At all times we were embarking on a design project and 
technical investigations were a means to an end. 
 
1.5. How do we explore material and technique in the 
design and fabrication of an object using digital 
technologies? 
While we have long accepted that artwork may be 
abstractly conceived and materially realised at a distance 
from the hand of the artist, craft is frequently still 
understood as technical but not technological. In 
discussions of craft and technology, stereotypical 
oppositions apply and they are frequently posited against 
each other; their definitions constructed along 
distinctions between manual and mechanised methods, 
traditional and digital skills. In Abstracting Craft Malcolm 
McCullough uses inclusive definitions of tools and craft 
that rely fundamentally on acts of human intention. 

 A tool is a moving entity whose use is initiated and 
actively guided by a human being, for whom it acts as an 
extension, toward a specific purpose…… The degree of 
personal participation, more than any degree of 
independence from machine technology, influences 
perceptions of craft in work. (McCullough 1996:68-9) 

These definitions that focus on human intent and 
personal participation allow McCullough to recuperate 
contemporary digital technology as an extension of non 
traditional craft activity. He argues that: 

Increasingly computing shows promise of becoming the 
medium that could reunite visual thinking with manual 

dexterity and practiced knowledge…. Computer-aided 
design and manufacturing recasts relations between 
images and things…. it models and manipulates not only 
objects, but also processes by which they are 
made…thanks to CADCAM , and more controllably than 
ever before, images can become things. (McCullough 
1996:50-1) 

Students were encouraged to work in pairs to conserve 

the resources of fabricators who had offered machine 
time and advice. Working in pairs also provided a 
supportive and collaborative approach in talking to 
industry. The assignment asked them to design and 
fabricate an architectural object at 1.1 scale using digital 
design and fabrication processes. Objects might include 
architectural componentry, furniture, screen, door panel, 
gate, or be a more free-form exploration of material and 
technique. A critical design strategy identified that one 
material and one tooling process had strength in 
aesthetic terms and practical value in simplifying first 
attempts. This assignment asked students to engage 
with one material and one process in a way to exploit the 
fullest ornamental possibilities and to investigate the 
accidental or coincidental results of processes for their 
aesthetic possibilities. The intention was not to make 
models but use materials in their own right. The finished 
work was to be accompanied by a Design Report to 
provide a concise explanation of design intentions, 
record of contact with the fabricator, technical notes, 
quoted prices, and material options.  
 

2. COURSE STRUCTURE 
 
The twelve 2-hour sessions allocated to the course were 
augmented by two all day sessions scheduled near the 
beginning of the course. The intention was to ‘front–end 
load’ the course with material that would stimulate design 
thinking among the students. These incorporated site 
visits to fabricators, theory sessions, exhibitions and 
demonstrations. Thereafter the course sessions 
functioned as design tutorials and programme deadlines. 
The course structure modelled as a construction 
programme with the final deadline being an exhibition 
event. 
 
2.1. Course Outline:  
Week 1 Introduction  
10.30-12.30pm  Digital Technique 
Week 1 Theory seminar 
8.30- 10.30am Technique to what End? 
11.00-12.30pm Dock Street Office Fitout 
     Auckland Museum Metaform Furniture 
      Exhibition 
1.00- 2.30pm  Industrial Design to Manufacture  
3.30 - 4.30pm  CADCAM lathe and milling 
      demonstration AUT 
Week 2 Site visit to Plastic Design Technologies 
10.30-12.30pm Stereolithography Rapid Prototyping 
Week 2 Site Visits 9.00- 4.00pm    
9.30-10.30  Steltech Steel/ CNC Laser Cutting 
11.00-12.00  Routec Cutting/ 3-axis CNC router  
1.00-2.00   Jackson Electrical/ 5-axis CNC Routers 
2.30-3.30   Statec Manufacturing/Cutting & Folding 
Week 3 Construction of Curved Surfaces.  
10.30-12.30  Boat Building Workshop    
Week 4 Introduction to Autodesk Inventor Workshop 
10.30-12.30am Self-selected pair groups  
Week 5  Design Workshop Version 1 design 

proposals to be submitted.  
File formatting, Interface with CAM software and CNC 
machinery. What are the questions for industry? 
Week 6  Send files to fabricators and rapid 

prototypers 
Liaise with industry to establish reasonable limits for your 
projects. You are to establish the feasibility of the design, 
the cost implications, and very importantly the time frame 
for getting files to enable fabrication.  
A material and fabrication budget of $165 per student is 
available.  
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Week 7-8 MID SEMESTER BREAK  
Week 9  Design Workshop Version 2 Seminars.  
If you are still designing at this stage then you must have 
assurances from your fabricator that they can meet the 
deadline. 
Week 10-11  Production  
Week 12   Assembling/Finishing/Sanding/Coating/ 
Painting 
Week 13   Workshop Hand in  
Week 14    CRIT WEEK Exhibition  
 

3. DESIGN PROJECTS 
 

 
Source: (James Raimon 2003) 

Figure 2: Stainless Steel Door knocker, Designer: 
James Raimon 

 
Two dimensional laser fusion cutting produced three 
parts to be assembled and fixed with a pivot pin (Fig. 2). 
6mm stainless steel sheet was laser cut to a complex 
pattern with sharp square edged corners, close spaced 
cutting lines and clean finished edges. This process 
produces potentially damaging heat build-up if the 
diameter of the hole is less than the thickness of the 
material. This necessitated the manual drilling of the 
2mm holes for screw- fixing the plate to the door, the 
pivot pin and welding of the pivot tab to the mounting 
plate. 

 

 
Source: (Tane Pratt 2003) 

Figure 3: Shelving Assembly, Designer: Tane Pratt 

Figure 3 shows a project exploring the aesthetics of 
recycled timber and precision laser cut plywood shelves. 
The slotted shelves relied upon a precisely cut housing 
to gain their stability in cantilever. The irregular finish of 
the recycled timber made it unsuitable for mounting and 
tooling with a machine tool. An interesting mismatch of 
aesthetic intention and high precision technology 
occurred in this project. 
 

 
Source: (Budgett 2003) 

Figure 4: Blob, Designer: Martin Ulenberg 
 

3mm acrylic laminars were used to construct this hollow 
blob and lamp prototype shown in Figure 4. The object 
was modelled in 3d software (a spherical object 
consisting of two surfaces). Sixty four sections were 
taken through the object and exported to the fabricators 
nesting software in autocad .dxf format. The cutting took 
approximately 20 minutes. Using a familiar modelling 
procedure of laminating contour sections, this technique 
is transformed by the accuracy and precision of laser 
cutting and the shift in material to transparent acrylic. 
This 2D technique proved the cheapest alternative for 
producing 3D objects. The result was two deformed 
spherical objects. The cutouts of the negative internal 
space of the hollow blob were used to construct a 
second solid laminated blob.  
 

a)   

b)  
 Source a): (Budgett 2003)   

Source b): (Kerr and Tebbutt 2003) 

Figure 5: Coffee Table, Designers: Chris Kerr & Roy 
Tebbutt. Cutting profile Autocad .dwg file 

 
This coffee table and magazine project shown in Figure 5 
explored flat sheet material, cutting operations and 
folding operations. Initial design concepts utilised 
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complex return folds on a 3m sheet. The designers were 
repeatedly told that it would have to be cut in sections 
and welded together. Visits to several fabricators rapidly 
focused the design exploration around material and 
production constraints. Material choice, sheet thickness, 
width and length, folding radii and angles were selected 
by precise understanding of what the machines would 
allow them to do. Final design used 3mm stainless steel 
sheet 3m by 0.6m long. The fabricator was not confident 
of his ability to fold this project in one piece. This project 
demonstrated the ability of designers to extend the 
knowledge base of fabricators beyond their limits. The 
simplicity of the approach and smart material choice 
required little in the way of post finishing or assembly.  
 

 
Source: (Budgett 2003) 

Figure 6: Table, Designers: Adam Jones, Abbi 
Prestidge, Miltiades Stefadouros 

 

 
Source: (Adam Jones, Abbi Prestidge, Miltiades Stefadouros 2003) 

Figure 7: Table, Autocad files  
 

This table project (Figures 6 & 7) was inspired by the 
burnt edge of laser cut white meranti plywood and 
traditional dovetailing techniques. Early pencil sketches 
evolved into the 3D model below. The designers 
exploited the laser cutting process for ornamental and 
functional jointing. The precision of the cutting process 
and design of the joints produced a completely stable 
assembly without the need for glued or fixed joints. The 
project dimensions were driven by the 2400 x 1200 sheet 

size with little wastage. The blackened cut ends of the 
internal vertical members penetrate through the box, are 
flush with the surface of the table and indistinguishable 
from the blackened edges of the empty openings in the 
top. This project demonstrates an elegance and 
economy of aesthetic means available through the 
fabrication technique.  

 

 
Source: (Budgett 2003) 

Figure 8: Lamp, Designers, Matt Sterne & Stanley Siu 
 

This lamp project (Figures 8, 9, &10) was the only one to 
utilise 3D shaping of a surface. A CNC router was used 
to carve spherical craters in a sheet of 18mm plywood. 
The routing was performed on the whole sheet to obviate 
fixing to the router table and the sheet subsequently cut 
into plates for vertical assembly. 
 

 
Source: (Matt Sterne & Stanley Siu 2003) 

Figure 9: Autocad .dxf file 
 

 
Source: (Matt Sterne & Stanley Siu 2003) 

Figure 10: Autocad .dxf file 
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4. CONCLUSIONS 
 
The course set out to research digital fabrication 
processes for design opportunities and to test the notion 
that the process from design to fabrication could be 
entirely digital. There were expectations that students 
might learn new parametric design software for complex 
freeform 3D work. A critical development in CAD has 
been the shift most recently to parametric software 
(Revit, Solidworks, Pro/Engineer, Inventor, Rhino). 
Dimensionally driven, parametric operations can revise 
the internal compositions of composite forms. Any 
change to a digital model will impact on all the 
neighbouring relationships to it and the software will 
automatically update them in plan, section, schedule etc. 
By supplying values that respond to the essential design 
constraints of material (maximum sheet size for example) 
and machine production processes (allowable bending 
radii for example) to independent design variables, a 
systematic exploration of parametric iterations is possible 
from which suitable design versions could be identified. 
These programmes may be geared to engineering and 
manufacturing processes and have, for example, 
operations that develop curved surfaces into flat sheets 
amenable to cutting.  
The course introduced Autodesk Inventor and Solidworks 
to students but little work was done in these 
programmes. 
In most cases the very early design process occurred by 
hand, design proposals being more rapidly evaluated by 
a series of pencil sketches with the essential design 
parameters identified after one or two discussions with 
fabricators and then developed in digital format. The 
learning of new software tended to be an extension of 
skills learned already in the programmes available in the 
department (Autocad and Studio Viz). 3D modelling was 
used to verify the formal composition of projects and 
cutting layouts were drawn up as 2D drawings. The 
format of exported Autocad files (.dxf, .dwg, .stl, IGES) 
depended on fabricators requirements but generally the 
ability to export Autocad and StudioViz files in various 
formats to fabricators was more straightforward than 
initially expected. It must be noted that the work achieved 
a 3 D quality largely through the construction of 
reconfigured 2 D cut out material. Most work used 2D 
cutting and the 3D routing used spherical geometry. This 
was a result of limited software expertise and the 
prohibitive fabrication costs for free form routered surface 
explorations.  
Selected design iterations would, in theory, lead to 
physical testing with a series of rapid prototypes, 
establishing a feed back loop based on visual testing, 
touching and modifying. Selective laser sintering 
prototyping was available for the cost of consumables 
but limited use was made of this opportunity. Where work 
of the hand-held scale was proposed 1:1 rapid 
prototypes were informative for checking scale, the fitting 
of the object to the hand or to another part. The 
dimensional limitations of the build platform (200 x 200 x 
250mm) made this process less useful to check the 
generally larger scale of work produced by students. The 
other disadvantage of this process was the low 
specification material quality of the finished object. The 
milky opaque material of the starch-based process 
requires significant finishing work in order to provide any 
helpful simulation of other material surfaces. Although a 
resin based stereolithography process available in 
Auckland produced finely articulated translucent 
prototypes, capable of real delicacy, the costs of this 
technique proved prohibitive to students. 

 
Source: (Budgett 2003) 

Figure 11: Budgett / Rhodes: Rapid Prototype by 
selective laser sintering process 

 
The course was a popular one with very high levels of 
attendance and participation. The design outcomes 
reflect the students’ engagement with many aspects of 
craft in the making of an architectural component: 
material selection, dimensional constraints and design 
tolerances, manufacturing limits, formal and aesthetic 
decision-making, finishing and assembly processes, and 
not least the digital data representations of their projects. 
Students had to talk to industry, to each other, research 
their options, plan and programme both time and costs. 
Comments in the written work report that they were 
creatively stimulated and empowered by their new 
access to information and means of production through 
local CADCAM fabricators. While the construction of the 
conventional architectural project is considerably more 
complex and still far removed from the automated 
making explored here, the design of a component 
allowed for the testing of CADCAM technology at a 
realistic and achievable scale, both physically and 
financially, for the undergraduate architectural student. 
Students could see the immediate applications of this 
new learning in the customising of ironmongery, 
furniture, cabinetry, lighting fixtures and how these might 
be used in the domestic and interior fit-out spheres of 
architecture. Complex CNC routing and cutting can be 
utilised in the production of moulds and jigs for other 
architectural elements, wall cladding panels, The 
increasingly widespread, if prosaic, use of CADCAM in 
manufacturing industries opens up the potential for much 
more creative dialogue between designers and 
fabricators. The course encouraged students to seek 
these opportunities outside the relatively sheltered 
environment of the school workshop. 
Digital craft, it has been argued, will replace our 
traditional understanding of craft. Can fully automated 
machinery replace the artisan when it comes to 
fabrication? Does CAM offer automatic making that 
makes traditional craft knowledge redundant? Answers 
to these questions may be premature. Digital information 
proved to be one element in a web of participatory 
personal exchanges of information. For many projects 
the design process tracked between traditional and 
digital, manual and mechanised methods. This brings to 
mind McCullough’ s words,  

The degree of personal participation, more than any degree 
of independence from machine technology, influences 
perceptions of craft in work. (McCullough 1996:68-9) 
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ABSTRACT: The Victorian argument over whether ‘gothic’ or ‘classical’ formed the basis of a true 
national style of architecture appropriate for the age in the UK has been well documented. The ensuing  
Arts and Crafts Movement of the end of the 19

th
 century advocated a return to craft techniques as a 

means of creating this national style, since these techniques underpinned all that was seen as good in 
the English vernacular tradition. However, this move coincided with two major educational changes; for 
architects this meant a move from architectural pupilage to a formal and structured education offering 
degrees in architecture; for tradesmen education also moved into colleges away from the apprentice 
system. This paper will set out the historical background to this situation and look at the effect it had on 

design and building at that time. Knowledge of the history of architectural education may help in 
understanding the split between technology and design in current architectural education. 
 
 
Conference theme: Architectural education 
Keywords: architecture, building, craft, education 
 
 

INTRODUCTION 

 

The Arts and Crafts movement of the latter part of the 
20th Century, or as it was then called “The New 
Architecture”, was a reaction to the struggle between 
gothic and classical as representing the English style. 
Pevsner (1960: 19-20) describes the story of the British 
Government Offices in Whitehall, built 1868-73 by 
George Gilbert Scott, in which Scott’s unsuccessful 
gothic competition entry was eventually recast in an 

Italianate manner, or rather the building was given 
Italianate decorations. This was the fundamental 
problem to people like Morris and Ruskin. Architecture 
could not be a unified whole if the same building form 
could be hung with crockets one day and pilasters the 
next. The simplest solution was to do away with 
ornament, and architects like Voysey and Newton, both 
famed for their Arts and Crafts houses built at the end of 
the 19

th
 century and early 20

th
 century, did just this in the 

name of the New Architecture. Penty, looking back, 
(1926:441) saw this new art revealed by Voysey as an 
architecture of space alone, once all the mouldings and 
ornament had gone. At the time, the editor of The Studio 
(‘Some Country and Suburban Houses’:157) was of a 
similar opinion: 

If the work of the handful of artists who represent to us the 

rather fatuously nicknamed “New Architecture” ever comes 
to be considered as belonging to the “style” of the nineteenth 
century, one can imagine the “new” critic characterising it as 

the “style of negation”. To breathe to Mr. Ernest Newton, for 
instance, the very word “style” is to provoke an outburst of 
righteous indignation against those blind leaders of the blind 

who can conceive no architecture that cannot be safely and 
obviously ticketed with the name of some bygone century or 
period. 

However, the same article acknowledges that the 
architects of the “New Architecture” made use of the 
elements of the buildings of the past, as if Newton was 
avoiding the old sentences of design and construction 
but still making use of the words of the past. (ibid.:158) 
As Voysey (1915:86-7) stated: 

The fact that two forms of arch were seldom, if ever, used 

together in ancient times, blinds his [the designer’s] eyes to 

the fact that altered conditions of modern life may demand 
the consideration of requirements non-existent in previous 
ages. The individualist is always ready to cast off the 

shackles of a bygone time, and is willing to meet the needs 
of the present while still holding fast to all enduring qualities. 

This awareness led to a great interest in the vernacular, 
particularly the domestic vernacular. When Muthesius 
wrote Das Englische Haus in 1904 the first section of the 

book dealt with the historical development of the English 
house (Muthesius 1979:3). This fascination with the 
simple design of the past was to evolve into the Arts and 
Crafts movement, with its paradoxical censure of the 
machine in preference to hand crafts, yet having to rely 
on the wealth created by the machine in order to sell its 
wares to the new rich who had become the patrons keen 
to embrace the new art and architecture.  

This was not the only paradox to emerge from the Arts 
and Crafts movement. At a time when craft skills were 
eulogised, training for both architects and builders was 
becoming formalised in the schools. Materials and 
building components were also increasingly machine 
made, centrally rather than locally. Despite this, study of 
architecture then was founded on detailed study of the 
past, in a way that would be unfamiliar to today’s 
students. For this students could probably thank Ruskin, 

with his insistence that it was not enough to be able to 
carve the image of a man if the sculptor had the man in 
front of him, but that it was essential to carve from 
memory. 

If we do not know what a human body is like, we certainly 
had better look, and look often, at it, before we carve it; but if 

we already know the human likeness so well that we can 
carve it by light of memory, we shall not need to ask whether 
we ought now to look at it or not; and what is true of man is 

true of all other creatures and organisms—of bird, and beast, 
and leaf. (Ruskin 1865:140) 

What was true for the sculptor was also seen as true for 

the architect, with the need to measure buildings and to 
study buildings in order to commit their details to 
memory, or failing that, at least to the bulging 
sketchbook.  
 
 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

351 

1. ARCHITECTURAL TRAINING 
 
From the middle of the 19

th
 century a recognised training 

in architecture began to be developed. By the beginning 
of the 20

th
 century it had been set, and recognised 

schools of architecture were offering degrees. 
 
1.1. Pupilage 
Pupilage, where the student entered the office of an 
architect for a fee in order to learn the trade was a hit 
and miss education at the best.  

…for in those days, [1894] before typewriters and manifold 

devices and photo-lithography had made duplication of 
specifications and drawings rapid and easy, all copies of 
both had to be laboriously made by hand, and the slavery of 

specification—writing up to six copies (Oh, the arid wastes of 
the “Joiner” section!), and the eye-strain of tracing from 
pencil drawings, still linger in recollection. As to tuition, apart 

from what could be “picked up”, this was confined to 
permission to browse in the pages of a French edition of 
Vignola, and the use of a ponderous copy of Tredgold’s 

Carpentry, in which roof-trusses of unimagined complication 
were the principal fare. (Gunn 1942:27) 

What is described is reminiscent of the experience 
described in Martin Chuzzlewit, published in 1843, where 
the articled pupil was viewed as a useful source of 

income for the office. Nevertheless, historians still use 
the knowledge of who was pupil to whom in order to 
trace development, whether anything useful was learned 
or not. (Richardson 1983: 23-58 etc.) In describing the 
office of Sir Arthur Blomfield, a gothic revival architect 
who did many Church of England churches and schools, 
in the 1880s, Richardson (ibid.:94-5) quotes Reginald 
Blomfield, nephew to Sir Arthur, as recalling the office 

without fond memories. 
I entered his office full of enthusiasm, thinking I should find 
myself in an atmosphere of high ideals, a modern version of 
the schools or studios of the Italian Renaissance. Instead of 

this I found myself in the company of a somewhat depressed 
managing clerk, two or three assistants and half a dozen 
cheerful young fellows who were serving their articles as 

pupils, and most of whom were much more interested in the 
latest news, sporting or otherwise, than in the latest 
experiment in Architecture. (Blomfield 1932:35-6)  

The pupils, however, had already moved to rescue 
themselves from this situation, with the establishment of 
the Architectural Association, which held its first meeting 
in 1847. Robert Kerr, the president at only 24, described 
the AA as trying to improve the system for the study of 
architecture, noting that this move came from the 
students themselves. (Summerson 1947:75-6)  
 

1.2. Development of Education and the Architectural 
Association 
The education at the AA in the early days consisted of 
the reading of papers, always followed by an audience 
discussion, and a design class, all taking place in the 
evening. There was no design tutor, but a subject was 
set and then the results brought to a discussion. The 
object was to learn from each other. This evening activity 

was eventually formalised into an evening school when 
Leonard Stokes was President of the Architectural 
Association in 1889-92. Stokes was to win the RIBA gold 
medal in 1919 and was President of the RIBA from 1910-
12. He was an example of an architect far better known 
in his own time than in the future, the reverse of Voysey, 
who was not awarded the RIBA gold medal until 1940, 
when he was too infirm to collect it in person. Stokes 

built a number of churches and religious buildings in a 
clear Arts and Crafts idiom, the convent of London 
Colney near St. Albans being a fine example. He was 
also the designer of a number of telephone exchanges in 

the UK, many of which used his characteristic glazed 
arch form to the ground floor elevation, having late in life 
married the daughter of the manager of the National 
Telephone Company. (Molesworth Roberts 1946:174) 

Stokes was partly behind the establishment of the 
evening classes and ensuring a methodical approach to 
the education of students. (‘Obituary’ 1925-6:149) Stokes 
wrote little, though an occasion when he was called upon 
to address the opening of the 1902-3 session at the AA 
at very short notice produced a succinct account of his 
views on architectural education. Stokes felt that the 
design classes were not there to teach design but to 

assist students in the study of design. He felt, as his 
buildings suggest, that proportion was fundamental to 
design. He also felt that students learn when they 
measure what they look at, and that it was necessary to 
study both new buildings and old, studying both the 
inside and out at the same time. Buildings in progress 
were also worthy of study. Materials also dictated that 
certain treatments were to be used. Like Voysey, he felt 

that simplicity was very important, and students, “did not 
run much risk of being too simple in their work.” (‘The 
Architectural Association’ 1902:342) Stokes also 
advocated thinking of design and detail always at full 
size, as only then could a student be sure of what they 
were doing. As Drysdale, his pupil and later partner, 
noted, design for Stokes was complete before he started 
to put it on the paper. (Drysdale 1927:167) For Stokes, 

the scale drawing was really for communicating ideas to 
the builder. Here Stokes was again in agreement with 
Voysey, who once at an AA evening discussion declared 
that if the architect worked things out in his head and 
then drew the detail he would spoil a lot less paper. 
(‘Fine Draughtsmanship Conduces to Fine Architecture’ 
1910:343) 
The desire for simplicity and proportion could be seen as 
fundamental to Stokes’ own very individual architecture. 

However, how students were to achieve this was seen 
only in terms of the study and measurement of existing 
buildings, as Stokes is not advocating students being 
taught the correct use of proportion. His closing remarks 
somewhat underline the gap between what it is good to 
achieve and how students are to educate themselves to 
achieve it. “If you get a good building, a good mass, a 
good general effect, then the detail…will more or less 

grow spontaneously.” (‘The Architectural Association’ 
op.cit.:342) Stokes did not want to teach students to 
design like him, his buildings were his own, but he 
wanted to guide them to develop their own way of 
architecture.  
The syllabus of the AA evening classes was very simple, 
and designed to help students through the RIBA 
Intermediate and Final exams. The evening classes ran 

from 6.00pm to 10.00pm 2 or 3 nights a week, after the 
pupil had done a full day’s work in the office. They 
consisted of a design class that used voluntary Visitors, 
or studio classes and lectures given by staff. The Visitors 
were involved with the Elementary and Advanced design 
classes, and often set the students projects related to 
work they had done or were currently undertaking, in the 
same way that current design education still continues in 

the studio. A contemporary evening class student 
remembered the problems could be simple, such as a 
gateway in a wall or as complex as a whole building. 
(Gunn 1945:469) What students learned was conditioned 
on how well the Visitors could communicate with the 
students about their work. 

Leonard Stokes was a certain draw, and always had 

something biting to say. Ernest Newton was the favourite 
visitor of many; his remarks and suggestions were helpful, 
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and his perceptions not restricted to the singling out of bad 
points. Some measure of encouragement (such as he 

accorded where he thought it due) can be very beneficial to 
many natures. C.F.A. Voysey was also a stimulating critic, 
with a dry vein of humour not commonly met with in visitors. 

(ibid.) 

This method and the drawbacks that accompany it still 
form the core of design education in architectural schools 
throughout the world. 
At the time, there were also studio classes in 

draughtsmanship, where students were helped to 
produce the drawings to get them through the RIBA 
examinations. These were known as “testimonies of 
study”, such as scale drawings of the orders or full size 
details of structural subjects. (Gunn 1942:40) At the AA 
this class was led by W.G.B. Lewis, described as 
another relic of the Gothic Revival. (ibid.) However, 
Lewis also initiated the teaching of timed sketch designs 

with the idea of giving students a method for their earliest 
attempts at design, in order to make their future design 
efforts more effective, so there was consideration of 
other educational objectives, not just the need to fulfil the 
exam requirements.  In terms of lectures, the subjects 
covered over two years are typical, being history, 
materials, construction, drainage and water supply, 
professional practice, ventilation heating and lighting, 

and land surveying. (‘The Architectural Association’ 
1903a:353) Classes in modelling of details and in water 
colour painting were also available to the students. 
Contemporary with the changes in education was the 
discussion of architecture as a profession that would 
require registration. Obviously, this was not possible 
unless there was a systematic way of deciding who had 
reached the required standard for registration.  

It is, I think, generally admitted that some form of registration 
is necessary and will arrive…It is the more imperative 
therefore that we hasten slowly, and make sure of our 
general principles, before launching out into ambitious and 

ill-digested schemes which may only lead to waste of money 
and further confusion of training… 
In the first place, I think we ought to realise that we have got 

to work out our own educational salvation, on lines suited to 
our particular needs, our climate and our national 
characteristics. (Maule 1912 :246) 

However, the rather ad hoc system developed in the UK 
was not found in other parts of the world.  
 
1.3. Other Systems 
Other countries had by this time developed very different 
approaches to the education of architects. France was 

dominated by the Beaux Arts tradition, with the emphasis 
on competition between students, and with an emphasis 
on the monumental in terms of building scale. As one 
Professor of Fine Arts in Edinburgh, writing at the turn of 
the century said: 

It is magnificent but it is not education. The plain business of 
the future designer of the modest dwelling, the meeting-

house, and the institution, is thrust out of sight behind the 
visionary creations of palaces fit for Kubla Khan, which one 
sees devised in these more advanced compositions. The 

numerous huge strainers exhibited on these occasions to 
illustrate some vast structure which is, and always must be, 
in the clouds, involve an almost superhuman amount of 

labour and technical expertness, and this effort is all called 
forth not merely by architectural study but by competition. 
The first object of the student will tend to be, not so much to 

make himself an accomplished artist in everyday building 
operations as to win the Prix de Rome. (Baldwin Brown 
1904:210) 

French architectural education had a long tradition, going 
back to the reign of Louis XIII and the establishment of 
the French Academies, with the Academy of Architecture 
appearing in 1671. (Cates 1901:189) Despite being 

suppressed during the revolution and reinstated 
afterwards, competition dominated the French approach, 
with entry dependent on success at the competitive 
Entrance Examinations. (ibid.:190) Admission in the UK 

was by payment of a fee. Nevertheless, prizes were still 
important in the UK both in the schools, such as the 
Royal Academy Architectural School and the 
Architectural Association, and elsewhere - the RIBA also 
awarded prizes for the best candidates in various 
categories related to their examinations. In France, there 
was more contact with those working in the profession as 
many architects working in ateliers came into the French 

Schools to work alongside the person setting the design 
problem in the studio. Thus, the design work was 
certainly in touch with those working in the profession. In 
the UK some schools, like that attached to the University 
of Liverpool, were more welded to the Beaux Arts 
tradition. Students at the AA were scornful of their ‘neo-
grec’ approach, whereas Liverpool students laughed at 
the AA with their emphasis on the design of the small 

cottage and farms. (Gunn 1942:74)  
The German approach employed permanent academics, 
who came with the need to gain a reputation in the 
academic world for their teaching. This was in contrast to 
both Britain and France with their major involvement of 
practitioners in education. (Baldwin Brown 1904:209) 
Students were also given choice, with the student 
deciding what they studied, and flexibility in how long the 

course of study took.  
The USA offered yet another model. Here education was 
firmly placed in the universities and colleges. Moreover, 
it was felt that a professional person was a better 
architect for having a liberal rather than a specialised 
education, and a first degree was encouraged, to be 
followed by a second degree for the study of 
architecture. (Cates 1900a:17) The course of the Cornell 
School of Architecture was laid down by Professor 

Babcock, who had given a paper on architectural 
education at the General Conference of Architects in 
1887, which had helped to establish the RIBA system of 
progressive examinations. (Cates 1900b:40) He had 
clear views on the value of education. 

The object of a course in architecture should be not 

chiefly to develop the artistic powers of the student, but 
to lay that foundation of knowledge without which there 
can be no true art. Before an architect can become a 

true artist he must be master of the art of building, and 
also a man of science.  (Cates 1900b:41) 

However, the USA courses would seem to modern eyes 
to be liberal, despite the goal outlined above. At both 
Columbia and MIT, students were expected to read 

works in both French and German. The Cornell course 
included modelling of architectural ornaments in clay (a 
course also found at the AA). The MIT course, which 
was said to be more closely modelled on the German 
system (Cates 1900c: 52), allowed students to choose 
between ‘Design’ and ‘Structures and Structural Design’ 
in the third and fourth years. (ibid.:52-3) MIT at that time 
was also singled out as having a woman on the 

permanent staff, meaning 8.3% of the staff was female. 
Not only was there a full and varied curriculum but 
private study was also encouraged. At MIT bicycle tours 
had been undertaken in the summer in Canada, 
England, France and Italy, with students making 
measured drawings and photographic studies of details 
and buildings. (ibid.:54) The student of that time not only 
mentally worked long hours but also found the pursuit of 

architecture a physical one. Curtis Green, a noted 
architectural draughtsman in the UK and recipient of the 
RIBA Gold Medal in 1942 noted that after leaving school 
he acquired a penny farthing bicycle on which later he 
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could, “cover 100 miles in the day…from Dartmouth to 
Winchester, from Winchester to Chester” (Curtis Green 
1949:5), all in pursuit of discovering and sketching the 
English vernacular. 

This interest in what an architectural education should be 
at that time appears to be a global phenomenon. The AA 
elected a Mr. Sudsuki an honorary member in 1903 on 
the occasion of the annual prize giving. He was on a four 
year mission from Japan to study architectural education 
in the USA and Europe. (‘Architectural Association’ 
1903b:234) 
 

1.4. English Architectural Education 
With usual British compromise there was a feeling at the 
time that it might be possible to graft on the best bits of 
education overseas to what already existed in the UK. 
(Baldwin Brown 1904: 211) However, there had always 
been criticism of what education overseas offered. The 

French emphasis on competition was felt to be at odds 
with the overall development of architecture through its 
practitioners. 

It appeared to him that an academic system…leading all the 
young men to strive for honors in one academy…to gain 

which they must be trained in one particular line of art, and in 
one particular school—was one that was detrimental to 
progress. (‘Discussion on Mr. George Burnell’s Paper’ 

1865:162) 

The speaker of these words, Arthur Cates, went on to 
say that it was to the absence of this type of training that, 
“they owed the freedom and independence of English 
architecture, and the progress it had made.” (ibid.) 
Echoes of this can still be seen in current education 
based on the RIBA system, with the need to allow 

students to decide on their own method of approach to 
design, which brings with it the difficulty of grading 
schemes consistently, when often one student is dealing 
with ‘apples’ and another with ‘pears’.  
People like Lethaby, were more stringent, feeling that the 
UK had nothing to learn from overseas education, apart 
from, “…some emulation of other nations in the volume 
and intensity of their effort”. (Lethaby 1904:157) He felt 

that originality and accident in design should be replaced 
by work that was thoughtful and good, “…the function of 
the architect is to build. And the purpose of architectural 
education is to teach him to build well.” (ibid. :158) This 
attitude placed architectural education firmly in the 
practical side, apart from French competition and 
American professionalism. In the UK knowledge of how 
to build was to be essential in education, and that, in its 

turn, meant a study of history since building knowledge 
had to be related to what had been constructed.  

To sketch and to measure with careful conscientious regard 
to original purpose and use became the duty of every 
earnest student. He was instructed by constant and repeated 

observation and study to drink in the spirit of the old work, 
and to design his new buildings while under its exhilarating 
influence. (Pite 1900: 79) 

This helps to explain why at a time of the new 
architecture associated with the Arts and Crafts 
Movement, and the emphasis that it in turn placed upon 
craft techniques, students were so bound up with the 
active study of history in the field. Because most 
students would only have access to local examples, this 
in turn, reinforced the ‘English’ flavour given to the 

architecture of the time.  
The one other feature to emerge from the early 
discussions of what should constitute an education in 
architecture in the UK was the need for the student to be 
somehow taught to become a ‘learner’ before even 
reaching the start of an architectural education. 

I do not know whose fault it is; I do not know whether it is the 

fault of the method of teaching in our schools, or the result of 

a curious twist in an average English boy’s mind, that allows 
him to absorb facts, but prevents his making deductions; I 

only know that amongst the students I have had in London 
and Liverpool, very few had learnt that elementary but most 
important lesson—how to learn. Of those few, most had had 

a university training before they commenced their 
architectural course. These proved the best students; not 
because they were older, but because they had learned to 

think. (Simpson 1905: 42) 

The one function of any architectural education was, 
therefore, to remove this discrepancy and teach the 
student how to learn. The student then had the skills to 
make up any deficiency in knowledge once they were 

established in practice. Thus, a curriculum in the UK 
system never had to cover every topic. It had to give a 
grounding in the knowledge of architecture, it had to 
show the student how to build and apply this knowledge 
to design problems, and it had to make the student into a 
self-learner.  
 

2. TRAINING OF BUILDERS 
 
2.1. Craft training 

At the same time that the foundations of architectural 
education were being laid, a change was going on in the 
training of builders and craftsmen, with a move away 
from apprenticeship towards formalised study in classes 
and schools.  

The general opinion seems to be that the apprenticeship 

system is doomed, and may soon become a thing of the 
past, at least in its old form…We hear a great deal about 
secondary technical schools and advanced technical 

schools, built and kept up at the expense of the ratepayers, 
and splendidly fitted up with all the latest tools and 
machinery…At these schools the young would-be craftsman 

finds everything ready to his hand, and starts to learn his or 
her work under, what look to be, most favourable 
circumstances. (Schultz 1909: pp.4-5) 

For Schultz, the worry was not the schools themselves, 

but whether those teaching in the schools were 
themselves craftsmen. He acknowledged that at the start 
they had been, but as time went by they lost touch with 
the trade conditions or workshop routine, and this would 
be exacerbated in the future: “In point of fact, technical 
schoolmasters are rapidly becoming a class by 
themselves—more of the master, and less of the 
craftsman.” (ibid.:6) 

The value of the apprenticeship system was seen as 
representing a body of working tradition, and one that 
stretched back many centuries. This did not inhibit the 
fine craftsman from emerging as an individual, and an 
individual who could experiment, but it did ensure that 
the ordinary craftsman had a perfect understanding of 
the work in hand.  

A great artist might make a little advance, a poor artist might 

stand a little behind, but the work as a whole was customary, 
and was shaped and perfected by a life experience, whose 
span was centuries. (Lethaby 1904) 

However, what was learned in the schools was 
dependent on who did the teaching, and this was the 
concern in the UK. Nevertheless, the success of the 
technical schools on the continent, which had grown out 
of the need to apply science to the business of 
production, was recognised in both the UK and the USA. 
(‘Mr. J.C. Pumpelly writes…in favour of trade schools’ 

1902:33) However, as discussed above, Germany also 
had a tradition of dedicated teachers, rather than the 
English way of teachers with at least one foot in practice. 
German success in trade was seen as a result of the 
education in these technical schools and the fact that the 
workmen who trained there were also trained in the ways 
and requirements of business. It was this knowledge that 
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prompted the changes in both the UK and the USA and 
the introduction of such schools in these countries.  
This move had an indirect effect on the education of 
architects. It meant that craft knowledge could no longer 

be relied on and the architect had to become master of 
this knowledge. In some eyes this was seen as 
advantageous. 

The effort to realise the building as the result of a building art 
rather than of an exercise in so-called architectural style, if 

made on the part of the architect alone, in default of the 
executant craftsman, brings a renewing vigour to the process 
of design and pleasure of execution; the building grows 

actual in conception in a sense beyond that conveyed by a 
perspective drawing, and the draughtsmanship of it is a very 
secondary element at the instant of design—though of 

course valuable as an art of its own in proper relationship. 
(Pite 1900:88) 

Thus architecture was to be reinvigorated just because 
the architect was to understand fully what the craftsman 

had been taught or formally assimilated through 
apprenticeship. An architectural education was founded 
on the need to understand the craft of building and all 
else would grow from that. As Lethaby said when 
describing the aims of architectural education: 

Building at the best is an experimental, even an adventurous, 
art, and for the conduct of successful building the chief 

requirement at the bottom is a peculiar type of man—the 
building type. (Lethaby 1904: 159) 

 

CONCLUSIONS 
 

Many words have been written in accreditation reports 
on schools of architecture throughout the world on the 
problems encountered by students in applying what they 
know of “technology” to “design” projects in the studio. 
Perhaps the most noticeable aspect of the various 
courses of architecture described above is that nowhere 
do their proponents appear to perceive any conflict 
between “design” and “technology”. Indeed, these 

distinctions, so important to much recent architectural 
education debate, were never made in the past.  It was 
accepted that no student could design unless equipped 
with a knowledge of building technology.  
The purpose of this paper is to suggest that the hand-
wringing of the accreditation reports will only disappear if 
architectural education is underpinned by a thorough 
knowledge of how buildings are and have been 

constructed. The education system inherited from the 
RIBA and other UK schools is, as has been shown 
above, based on this premise. Students were expected 
first and foremost to understand how buildings, both 
historic and recent, were put together, and this was 
studied and sketched and discussed at great lengths. 
This grounding, coupled with making the student into a 
life-long learner, made the architect who could continue 

to develop throughout his or her professional life. 
Architecture was seen as an integral discipline. Perhaps 
this is the clearest lesson that the discussion of 
architectural education in the past holds for today. As the 
Director of the Birmingham School stated: 

He [the student] is not to think of construction as merely a 
necessary basis upon which to exhibit something else—

something presumably finer—such as art, style, decoration 
and so forth. Construction itself, in a most comprehensive 
sense, is to be his art. (Ball 1905:43) 

 

REFERENCES 
 
‘The Architectural Association’ (1902) The Builder, 18

th
 

October 
‘The Architectural Association: Opening meeting of 

Session 1903-4’, (1903)a The Builder, 10
th

 October 

‘The Architectural Association’ (1903)b The Builder, 9
th

 
October 

Baldwin Brown, G. (1904) ‘Architectural Education’ The 
Architectural Review, November  

Ball, J.L. (1905) ‘Correspondence’ The Architectural 
Review, January 

Blomfield, R. (1932) Memoirs of an Architect Macmillan: 
London 

Cates, A. (1900)a ‘The Higher Education of Architects’ 
Journal of the Royal Institute of British Architects 10

th
 

November 
Cates, A. (1900)b ‘The Higher Education of Architects’ 

Journal of the Royal Institute of British Architects 24
th

 
November 

Cates, A. (1900)c ‘The Higher Education of Architects’ 
Journal of the Royal Institute of British Architects 8

th
 

December 
Cates, A. (1901) ‘The Higher Education of Architects’ 

Journal of the Royal Institute of British Architects 23
rd

 
February 

Curtis Green (1949) The Drawings of Curtis Green R.A. 
Batsford: London 

‘Discussion on Mr. George R. Burnell’s Paper on the 
Present Tendencies of Architecture and Architectural 
Teaching in France’, (1865) Journal of the Royal 
Institute of British Architects 

Drysdale, G. (1927) ‘The Work of Leonard Stokes’ 
Journal of the Royal Institute of British Architects, 8

th
 

January 
‘Fine Draughtsmanship Conduces to Fine Architecture’ 

(1910) The Builder, 25
th

 November 
Gunn, E. (1942) [using pseudonym “Arbalest”] ‘Fond of 

Drawing’ The Architect and Building News 9
th

 January 
Gunn E. (1942) [using pseudonym “Arbalest”] ‘The A.A. 

In Early Days. I.’, The Architect and Building News, 17
th

 
April 

Gunn E. (1942) [using pseudonym “Arbalest”] ‘The A.A. 

In Early Days. III.’, The Architect and Building News, 1
st
 

May 
Gunn, E. (1945) ‘Architectural Reminiscences’ The 

Builder 21
st
 December 

‘Obituary’, (1925-6) Journal of the Royal Institute of 
British Architects, December 

Lethaby, W.R. (1904) ‘Architectural Education’, The 
Architectural Review, October 

Lethaby, W.R. (1904) Mediaeval Art Duckworth and 
Co.:London 

Maule, H.P.G. (1912) ‘Architectural Education: A Plea for 
Breadth and Sanity’, Journal of the Royal Institute of 
British Architects, 10

th
 February 

Molesworth Roberts, H.V. (1946) ‘Leonard Aloysius 
Stokes’ The Architectural Review, December 

Muthesius H. (1979) First English edition The English 

House Crosby Lockwood Staples: London 
‘Mr. J.C. Pumpelly writes…in favour of trade schools’ 

(1902) The American Architect and Building News 2
nd

 
August 

Penty, A. (1926) ‘Authority and Liberty in Architecture iii: 
The Arts and Crafts Movement’ The Architects’ Journal, 
13

th
 October 

Pevsner, N. (1960) Pioneers of Modern Design Penguin 

Books: Middlesex    
Pite, B. (1900) ‘ A Review of the Tendencies of the 

Modern School of Architecture’, 22
nd

 December 
Richardson, M. (1983) Architects of the Arts and Crafts 

Movement Trefoil Books: London 
Ruskin, J. (1865) ‘An Enquiry into some of the 

Conditions at Present Affecting the Study of 
Architecture in our Schools’, Journal of the Royal 
Institute of British Architects 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

355 

Schultz R.W. (1909) The Arts Connected with Building 
Batsford: London 

Simpson, F.M. (1905) ‘Architectural Education’, The 
Architectural Review, January 

‘Some Country and Suburban Houses designed by 
Ernest Newton’, (1899) The Studio vol.16 no.73 April  

Summerson, J. (1947) ‘The Early History of the 
Architectural Association’ The Architect and Building 
News 25

th
 April 

Voysey, C.F.A. (1915) 1986 ed. Individuality Nadder 

Books, Element Books Ltd.: Dorset 

 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

356 

 
A reassessment of studio assessment 

 
 

Clare Newton 

 
Faculty of Architecture, Building & Planning, University of Melbourne, Melbourne, Australia 

 
 

ABSTRACT: Students care more about marks than lecturers do. As a lecturer, marking is on the 
periphery of my teaching focus. Marking and moderation must be reasonably fair but surely feedback 
before submissions is more productive than after. Formative assessment can lift the quality of student 
work but evaluative assessment is too late to be useful within a subject. Or is it? 
This paper is an opportunity to shift the angle of view to focus on how assessment can drive and define 
learning. As studio teaching is the key learning environment within architecture, this paper reflects on 
this mode of teaching and marking strategies using a case study approach.    
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INTRODUCTION 
 
This paper considers whether summative assessment, 
also described as final testing, can be a useful teaching 
strategy rather than simply an administrative 
requirement. The following quote by James, McInnis and 

Devlin provided the initial spark for the investigation:    
  

For most students, assessment requirements literally 
define the curriculum. Assessment is a potent tool for 
educators with which to spell out the learning that will be 

rewarded and to guide students into effective approaches 
to study. Equally, however, poorly designed assessment 
has the potential to hinder learning or stifle curriculum 

innovation. (James, McInnis and Devlin, 2002:7) 
“Assessment requirements” in the above quote can be 
understood to be both the assessment tasks and the 
criteria for marking. It is already understood that the 
assessment task is a key learning tool. This paper 

focuses on whether marking can be used more 
productively within a studio environment. 
 

1. THE STUDIO, THE CRIT AND THE CHARETTE 
 
1.1. What is a studio?  
An explanation of studio teaching is required as it 
underpins every architecture course. Within a studio 
style of tutorial, students are introduced to key issues 
and get individual feedback as they work through the 

assignment tasks in an iterative way. The role of the tutor 
within a studio subject is akin to a mentor rather than an 
assessor. 

Architectural training involves the intense indoctrination 
characteristic of an initiation rite: a high degree of 

commitment, a certain amount of isolation from nongroup 
members, cohesion within the group, sacrifices and ritual 
marking passage at various stages. Architectural 

programs share certain elements that have symbolic as 
well as functional value. These are the studio, the crit and 
the charrette. (Cuff 1991:118)  

 
1.2. ‘Grooming’ students for practice  
The studio is a powerful device for initiating students into 
the community of architects but there are disconcerting 
aspects to this initiation process which could almost be 
likened to a process of grooming students for abuse. 
There are tales of an internationally famous architect, 

Michael Graves, announcing at the beginning of a 
Princeton semester that he will only work with the 
talented students. The less talented, who have also paid 
a costly tuition fee, cannot ask to waste the master’s time 

but are allowed to remain within the group to hear the 
discussions between the favoured students and the 
master. 
The studio, as the centre of student learning, arose from 
the Ecole des Beaux-Arts in Paris. Students of painting 
and architecture advanced through their courses by 
winning design competitions. The competitions were 
completed within studios or ateliers that were run by 
patrons (design professors). The patrons were practicing 

architects who would attend in the evening to give 
critiques but otherwise the ateliers were student-run. In 
order to advance through the competition hierarchy set 
by the Ecole, discipline and hard work were required. In 
the late nineteenth century, schools of architecture were 
being developed in England and America based on the 
Ecole model. These schools gradually replaced the 
historic system of articled pupilage. A study of a famous 

British architect in the early eighteenth century shows 
how the system of articled pupilage worked. (Kostoff 
1986:197) Up to thirty students paid an entry fee to the 
esteemed architect for the privilege of working in the 
office twelve hours daily for five to seven years in order 
to be trained in the skills of surveying, costing, 
superintendence and drafting.   
Along with the studio environment and the crits, the 

charrette is the last of the three key features of 
architectural enculturation. This word describes the final 
days before a project deadline as students dedicate all 
available waking hours to the production of drawings. 
Ideally it occurs within a studio and takes the form of a 
designer boot camp where students benefit from each 
other’s criticisms. Students become accustomed to 
working long hours and this culture continues into 

practice where the graduate is expected to be available 
to work long hours for the sake of a competition or client 
deadline. 
 
1.3. Taking roles within the studio environment  
The tutor within a studio environment acts as a master to 
apprentices by modelling appropriate behaviour, values, 
design and problem solving strategies (Schon 1983).  
Studio feedback is given verbally using a mix of 
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encouraging and critical remarks. In the last semesters 
of the architecture course, the final crits usually take the 
form of a jury where each student presents to a panel of 
invited architects. The jury can be daunting for students. 

Savage criticism can be part of the initiation process and 
students become adept at anticipating and avoiding 
criticism. Student tactics include being submissive and 
respectful during the final critique and listening to 
criticism rather than responding and debating. They 
present their work tentatively to avoid appearing overly 
confident no matter how prepared they may feel. Studio 
leaders will sometimes take on a role as advocate in a 

final crit when students become passive recipients of 
criticism even when the criticism is unwarranted. 
 

2. COMMUNITIES OF PRACTICE   
 
While there are aspects of studio teaching and 
assessment that are of concern, it can equally be argued 
that the process trains students to work within a critical 
professional environment. Lave and Wenger (1991) 
describe a process of learning whereby newcomers 
gradually become part of a community of practice.

 
 By 

extending aspects of the apprenticeship system beyond 

simply learning in situ by working under the tutelage of a 
master, they describe another viewpoint of teaching 
under the term of legitimate peripheral participation. 
Peripheral participation is concerned with learning 
occurring within a community of practice. Newcomers 
gradually work towards more intensive participation. 
Legitimate peripherality is a complex notion involving 
power relations. Being on the periphery can be 

disempowering. One is prevented from participating fully, 
often legitimately from the perspective of the broader 
society. Being on the periphery can also be a position of 
power if seen as being at the nexus of related 
communities, the point for articulation and interchange.  
 
2.1 Collaboration  
The best architecture is increasingly the outcome of 

collaborations across fields of expertise where 
practitioners (or students) step beyond their discipline 
boundary. In successful collaborations, the designed 
outcomes will reflect the extension of the skills of the 
individuals (Cys and Ward 2003). Can students, as 
newcomers on the periphery of a profession, more easily 
forge new links with related communities? The difficulty 
of individual assessment is an argument used by 

academics against extensive collaboration but perhaps 
assessment is one of the keys that will enable 
collaborations to work. Office practice may give 
assessment clues. Quality assurance methods in 
practice help track the decision making process. 
Workloads are divided within offices and between 
consultants with fees paid for work done. The 
professional architecture award juries include a mix of 

lay people and suppliers to ensure relevance to the 
community. If outcomes are assessed using criteria that 
rewards successful collaboration and if the assessors 
are also working collaboratively, then a gradual shift in 
culture may occur. The next section describes a typical 
assessment process and some student responses. 
 

3. ASSESSMENT 
 
3.1. Trial by jury  

The final review is a formal ritual which is attended by 
students, academics and architects. Clients, users, 
engineers, planners or lay people are not always invited 
though they play key roles in real architectural projects.  

In discussion with my final year design students, a client 
and layperson were invited to join two architects on the 
jury. Their selection on the jury sent a message to 
students that their presentations should address a 

broader set of criteria. The presence of outsiders on the 
jury resulted in a self-conscious analysis of the process 
with each of the jury members feeling the need for a 
debriefing session the following day. The lay person was 
initially shocked by the frankness of the comments but 
gradually became willing to provide equally critical 
comments.  
In celebration of the completion of work, students and 

jury shared drinks and food during the critique. While the 
examination atmosphere may have been ameliorated by 
the food, the criticism was at times vicious. The jury 
discussed the work at an in camera session following. 
Curiously there was consensus that the work was 
generally good to excellent, and that no student was at 
risk of failing. This was not the message that was given 
to students during the critique. Critiques are part of the 

toughening up process undertaken by students. The 
critique also reinforces the authority of the lecturer, 
practitioner and employer architect. 
 
3.2. Marking criteria versus marking rubrics  
Marking criteria vary from studio to studio and are often 
not provided in the early part of the semester. These 
criteria invariably list the desired competency areas 

rather than levels of achievement. In 2002, the head of 
architecture within this Faculty developed a set of 
assessment criteria for design subjects but it was found 
that the criteria needed to change emphasis as students 
progressed through the course. It might be more useful 
for students to understand the characteristics of high 
distinction, distinction, pass etc. One such system has 
been devised by the Teaching and Educational 
Development Institute (TEDI) at the University of 

Queensland: 
High Distinction (HD) demonstrates imagination, 
originality or flair, based on proficiency in all the learning 
objectives for the course: work is interesting or surprising 

or exciting or challenging or erudite. A Fail (F) shows 
inadequate achievement on the majority of learning goals 
and fails to satisfy some of the basic requirement of the 

course. 
(www.tedi.uq.edu.au/teaching/assessment/criteria.html) 

A more widely known taxonomy of achievement called 
SOLO (Structure of the Observed Learning Outcome) 
was developed by Biggs (1999) to classify the structural 

complexity of student responses into five levels. Biggs 
has shown that the SOLO taxonomy can be applied to 
learning outcomes, curriculum design and assessment 
across different subjects. There is general agreement 
that learning at university is characterised by the higher-
order capabilities of analysis, synthesis and evaluation. 
These sets of performance criteria are described as 
‘rubrics’ in a book titled Authentic Assessment (Fulton 

Fischer & King 1995). They are widely used in primary 
and secondary education systems but less common at 
tertiary level. The SOLO taxonomy could be applied 
directly or adapted to guide architecture students (and 
their assessors) regarding levels of achievement. 
In response to this research, a matrix was given to 
students of a 3

rd
 year construction subject in conjunction 

with the assignment to demystify the marking process for 
students. An extract of the matrix is included below. 

Feedback from students and tutors indicate that the 
matrix was more useful for student planning rather than 
tutor feedback.  
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Table 1: Details of assessment criteria 

 MERIT SATISFACTORY UNSAT ISFACTORY 

DRAWINGS Correct 

scale/complexity 

Accurate notes Overscaled/ 

underscaled 

 Weighted linework Clear linework Undifferentiated 

linework 

 Comprehensive 

notes 
Accurate cross-

referencing 
Incorrect labeling 

CONTENT Representative 

details 
Selection Chose easier details 

 Plan and section 

details 
Plan and section 

details 
Just section details 

 Design resolution Pragmatic 

resolution 
Details that don’t 

function 

 First principles and 

/or useful 

precedents 

Attempted to 

adjust details to 

suit design 

Copied inappropriate 

details 

 Exploration of craft Straightforward 

resolution 
Compromised design 

 Proprietary items 

adapted or well 

used 

Proprietary items 

well used 
Overseas products 

used 

 
3.3.  Assessment as an inhibitor to independent 

learning  
Overseas students studying in Australia are sometimes 
surprised by the lack of guidance given within 
assignments (Perez 2002:11). The response by Perez to 
the overseas students is that, in Australia, students are 
rewarded for independent learning.  Perhaps 
independent learning could be encouraged further if 
students were given a clearer assessment rubric such as 

the Bigg’s SOLO taxonomy. This would need to be done 
with caution. Dewey’s explanation of knowledge would 
suggest that criteria for assessment should be worded to 
avoid limiting or closing down options for the novice 
learner. 
John Dewey, argued that knowledge is a process of 
reflective adjustment. Learning was defined in terms of 
the interaction between the individual with a problematic 

situation. Problem solving followed an iterative process 
of speculation, problem isolation, and postulation based 
on experience and testing. For true learning to take 
place, Dewey argued that the learner must appreciate 
the purpose. Dewey referred to a ‘means-end continuum’ 
where the means was organically connected to the ends 
and where ends-in-view were not fixed or final. The 
implication of this view is that real or ideal solutions are 
not externally defined and waiting for the novice learner 

to gradually reach. The outcome is therefore best 
assessed with reference to the consequences of the 
decisions rather than with reference to pre-set goals 
(Archambault 1966:161). 
Paul Ramsden (2003:67-72) notes the difference 
between a manifest world of learning defined by teachers 
who wish to encourage independent thinking, analysis, 
problem solving and originality and a latent world defined 

by students’ perceptions. Students learn methods to earn 
high grades even if this is at the cost of understanding 
the material. 
Studio teaching, by its nature, avoids some of these 
problems. An interesting qualitative and quantitative 
survey was done at the University of NSW (Quinlan, 
Corkery &Marshall 2003). Design students from various 
levels were asked what they thought characterised a 

high distinction design work. In the early years students 
thought HDs were awarded to work which was 
graphically competent but also thought that other factors 
such as time, money and effort characterised an HD. As 
students moved through the years they believed HDs 

were awarded to schemes that moved beyond the brief 
and explored innovative ways of thinking that would 
amaze or intrigue the viewer. In the middle years, 
students thought designs, which were practical, or 

ethically sound were deserving of an HD. This survey 
showed that students as they move through the course 
become more aligned with how their teachers view 
excellence except in one surprising area. Few students 
within the course thought strong sophisticated ideas and 
concepts were a characteristic of an HD grade.  
The survey also found that part-time teaching staff, 
students and recent graduates are emphatic that 

objectives and assessment criteria are vague or unclear 
(contrary to what full-time academics believe). The 
message is that assessment criteria and learning 
outcomes need to be clear and need to align with the 
actual assessment. Part-time staff need better briefing 
on assessment. 
 
3.4. Moderation  

Students feel anxiety about moderation. In the first year 
group of three hundred, students continued to see me in 
the weeks after their first results were given to request a 
remarking of their work. They felt one group was unfairly 
marked even though the six tutors and I marked 
concurrently. The key piece of advice for large groups 
given in Assessing Leaning (James,  McInnis and Devlin 
2002:31-35) is not management of the moderation 

process but a clear assessment policy and training of 
new tutors. 
 
3.5. Assessment as a means of coercion or 
motivation  
Derek Rowntree quotes an undergraduate as saying, ‘I 
am reactionary enough to believe that the ‘threat’ of 
exams (i.e. the inherent threat of failure and becoming 
an outcast) is the only reason that the library doormats 

are cleaned’ (Rowntree 1987:22). The exam is the one 
assessment method I use to coerce students into doing 
something they would not do otherwise. An exam will 
encourage a student to review a body of work and 
consolidate a framework of knowledge. While I still use 
exams in the early years based on the argument that 
they encourage learning, I am increasingly concerned 
that my exams do not measure that learning effectively.  

 

4. BUILDING ON PREVIOUS YEARS 
 
4.1. Exemplars  
For some years I have recorded student work for future 
years to use as a base mark in design and construction 
subjects. All students exhibit their work in real displays 
as well as on the web in virtual galleries. By giving 
access to all work, I have assumed that students would 
be able to evaluate earlier work and improve their own 

work. It may help future years of students to just see 
exemplars of the best work and to relate this work to 
more rigorously defined assessment criteria.  
 
4.2. Building on sand  
Laurillard (2002:25) warns that teachers are often 
building on sand. Teachers may assume that students, 
having passed prerequisite subjects have understood 

certain principles and yet students may have simply 
mastered the art of taking exams. As we better 
understand teaching and assessment we might lesson 
this problem except for the other changes occurring 
within universities that mean intakes are larger and more 
diverse. Assessment techniques to ascertain what 
students know are also required at the beginning of each 
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subject. Studio teaching with small class sizes will help 
the tutor to understand the different ‘ways of knowing’ 
that students bring to a subject but with larger class sizes 
the lecturer become increasingly removed from the 

student knowledge base. One suggestion being 
considered in architecture is that every academic should 
take a tutorial group within the first year foundation 
subject. 
 

5. REVERSING THE MARKING PROCESS  
 
The students in my final year group worked on a real 
brief which is currently being designed within a 
Melbourne architecture firm. The designing architect has 

been on the student jury and we recently agreed that the 
firm would present the work to the students for their 
assessment. What an interesting outcome, to get the 
twelve, now experienced students to critique the 
professional? The role of student and professional will be 
reversed. With the professional remain quiet and 
receptive to the critical comments or will a more 
defensive position be taken? Will the students be 

forthright in their criticism or supportive and 
encouraging? 
 

CONCLUSION 
 
Rowntree (1987) begins his book on assessment saying, 
‘If we wish to discover the truth about an educational 
system, we must look into its assessment procedures’. 
If we look at the assessment procedures in studio 
teaching we find a system of education that has 

strengths and a long history but also occasional, 
disturbing traits. In the early years, students are 
confused by the marking regime but as they move 
through the course they become more adept at 
understanding what work will excel. There are negative 
aspects to the critique process which suggest that juries 
should be more carefully managed. While assessment 
criteria are normally used, students would benefit by 

more careful explanation about how assessment levels 
will be or were allocated. The SOLO taxonomy provides 
one possible model. Exemplars by earlier students would 
also clarify standards and set benchmarks. 
In beginning this research, my concern was that an 
emphasis on assessment would funnel students into 
more directed learning and discourage risk taking and 
collaboration. While assessment can cause a 

misalignment between teaching ambitions and learning 
outcomes, carefully designed assessment rubrics can be 
used to encourage complex and innovative problem 
solving. 
 

ACKNOWLEDGEMENT 
 
This paper has drawn on aspects of a subject within a 
Graduate Certificate of University Teaching taught by 
Richard James, Craig McInnes, Gay Baldwin, Kerri-Lee 

Krause and Leanne Howard.  
 

REFERENCES 
  

Archambault, Reginald, (1966) Dewey on Education, 
Random House, New York. 

Biggs, J.B., (1999) Teaching for Quality Learning at 
University, SRHE and Open University Press, 
Buckingham. 

Cuff, Dana, (1991) Architecture: The Story of Practice, 

MIT Press, Cambridge, Massachusetts. 
Cys, J., and Ward, S., (2003) ‘Using the C-Word’, in 

Design + Research, Second International Conference 
of the AASA, eds Clare Newton, Sandra Kaji-O’Grady 
and Simon Wollan, AASA, Melbourne. 
http://www.arbld.unimelb.edu.au/events/conferences/aa
sa/papers/ 

Fulton Fischer, C., & King, R.M., (1995) Authentic 
Assessment: a guide to implementation, Corwin Press 

Inc, California. 
James, R., McInnis, C., and Devlin, M., (2002) Assessing 

Learning in Australian Universities, Centre for the Study 
of Higher Education, University of Melbourne and the 
Australian Teaching Committee, Canberra.  
Kostof, Spiro, (1986) The Architect, Oxford University 
Press Inc, New York.  

Laurillard, Diana, (2002) Rethinking University Teaching,  

Routledge Falmer, London. 
Lave, J., & Wenger, E., (1991) Situated Learning, 

Legitimate peripheral participation, Cambridge 
University Press, Cambridge. 

Perez, Aveline, (2002) Studying in Australia: The Study 
Abroad student’s guide to success, The University of 
Melbourne Learning Skills Unit, Melbourne. 

Quinlan, A., Corkery L., and Marshall, N., (2003)  

‘Characteristics of Excellence in Student Design 
Projects’, Design + Research, Second International 
Conference of the AASA, eds Clare Newton, Sandra 
Kaji-O’Grady and Simon Wollan, AASA, Melbourne. 
http://www.arbld.unimelb.edu.au/events/conferences/aa
sa/papers/ 

Ramsden, Paul,  (2003) Learning to Teach in Higher 
Education, RoutledgeFalmer, London. 

Rowntree, Derek, (1987) Assessing Students: How shall 
we know them? Nichols Publishing Company, New 
York. 

Schon, Donald, (1983) The Reflective Practitioner, Basic 
Books, New York. 

 



 



social and political issues in architecture 



 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

363 

 
Thermal performance research in Australia: 

the formative period 1942–1972 
 
 

Terry Williamson 
 

School of Architecture, Landscape Architecture & Urban Design, University of Adelaide, Adelaide, Australia 

 
 

ABSTRACT: The design of houses to suite the Australian environment has been a preoccupation from 
the first day that Europeans set foot on the shores of Botany Bay. Following WWII a scientific approach 
to researching the relationship between building design and the climate commenced. From then and up 
to the present three periods of research can be identified, each characterized by a concern for a 
particular guiding principle. This paper concentrates on the first formative period between 1945 & 1972 
when thermal performance research work in Australia was dominated by two organizations, the 

Department of Works, Commonwealth Experimental Building Station (CEBS) located in Ryde in 
Sydney, and the CSIRO, Division of Building Research (DBR) situated in Highett in Melbourne. During 
this period the thermal performance research conducted by these organisations was recognised 
throughout the world for its innovation. The paper summarises the major work undertaken and how the 
themes and concepts that informed this work are still with us today. 
 
Conference theme: Social and political issues in architecture 
Keywords: thermal performance, houses, research, history, Australia 

 
 

INTRODUCTION 
 
The design of houses to suite the Australian environment 
has been a concern from the time that Europeans set 
foot on the shores of Sydney Cove. For the first 150 
years of settlement, apart from the addition of some 
verandahs, buildings, especially in the cities reflected in 
style and planning the European origins of their builders. 

It was not really until the 1930s something new began to 
emerge in architectural thought. Architects such as 
Walter Bunning, Sydney Archer, Gerard McDonell in 
Sydney and Roy Grounds in Melbourne began to give a 
new sense of connection between houses and the 
environment (Freeland, 1968). Following WWII a 
scientific approach to researching the relationship 
between building design and the Australian context 
commenced. Since the beginning of these research 

activities, and up to the present, three periods can be 
identified, each characterized by a particular theme or 
concern. The first period 1945-1972 was concerned with 
discovering conditions for thermal comfort and 
convenience. The second, prompted by the oil embargo 
of October 1972, saw the focus turn to energy 
conservation and then later to energy efficiency. The final 
period can be seen to begin with the 1992 Rio 

Declaration on the Environment when the issues of 
ecological design and sustainability come to the fore. 
This paper provides a brief account of the period 1945-
1972. This period is important because the themes, 
strategies and ways of practicing the thermal 
performance design of buildings that we acknowledge 
today were largely formed during this time.  
During the period 1945-1972 thermal performance 

research in Australia was dominated by two 
organizations, the Department of Works, Commonwealth 
Experimental Building Station (CEBS) located in Ryde in 
Sydney (see Note 1), and the CSIRO, Division of 
Building Research (DBR) situated in Highett, Melbourne 
(see Note 2). Most research in these organizations 
focused on aspects of dwelling design and construction. 

From 1963 the CSIRO, Division of Mechanical 
Engineering (DME) also undertook several projects 
concerning the thermal performance design of buildings 
dealing mainly with air-conditioning plant and 
requirements. Because DBR and DME shared the same 
site (and the same staff tea room) there were several 
joint projects and important interactions, but generally 

being in two Divisions worked against full co-operation. 
Other research groups, mainly in Universities, also made 
valuable contributions to knowledge in the area but their 
work usually remained in the academic arena and was 
not widely disseminated to the public and the design 
professions. 
 

1. THE WORK OF CEBS 
 
CEBS was established in 1944 and one of the first 

research projects undertaken aimed at providing 
information for standards for construction that would 
alleviate the extreme heat of summer. The aim of this 
research was to make recommendations for the design 
and form of the construction of houses suitable for all 
parts of Australia. To begin, the work reviewed existing 
data and their applicability for Australian conditions. An 
early report published during 1947 entitled Climate and 

House Design (Drysdale, 1947) summarised the 
previous work which directed “attention to the 
relationship which should (my emphasis) exist between 
climate and house design to improve comfort indoors” 
and in which “attention was drawn to the apparent 
disregard, in this country, of the prevailing climatic 
conditions, and to the irrational use of traditional 
materials.” Drysdale pointed out “Generally, the results of 

this disregard has been unfavourable indoor conditions, 
usually during summer, as the greater part of Australia 
experiences its most severe climatic conditions during 
that season” (Drysdale, 1947, piii). This report concluded 
that vital information was lacking and recommended a 
research effort commence on thermal performance 
design. The first part of this research was directed at 
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defining suitable climate zones in Australia. Zoning 
based on a strict climatological basis was found to be 
impractical and too detailed for interpretation in terms of 
building construction. A zoning on an “arbitrary” 

subdivision was therefore chosen. This classification 
comprised three types of climate each with two 
subdivisions (Drysdale, 1950). The resulting climate 
classification map (reproduced as Figure 1) remains the 
basis for our understanding of building climate zones 
even today. 
 

Climate Classification 

Hot humid Hot dry Temperate 
Sub-divisions 

Tropical humid Hot  arid Temperate 

Sub-tropical 
humid 

Dry warm 
temperate 

Cool 
temperate 

 
Source: Taken from Drysdale, 1950. 

Figure 1: Broad Classification of Australian Climates 
 

1.1. Design data 
As part of the overall project to improve dwelling design 
some important design data and information were 
produced. One of the most important of these data was 
the 1948 publication, Sunshine and Shade in Australasia 
that showed planar projections of the sun's path for the 
principle cities in Australia, New Zealand and New 
Guinea. These diagrams could be used to determine 

suitable shading devices for the location (Phillips, 1948). 
The annual and diurnal climate details relating to design 
variables, temperature, sunshine hours, humidity and the 
prevailing wind speed and direction for particular 
localities, were also compiled from existing 
meteorological records and made available in a summary 
form thought to be useful to designers. In the introduction 
to the publication Selected Australian Climatic Data for 
Use in Building Design, Keough (1951) outlines the 

prevailing belief that climate should be a major 
determinant of building form and construction. He says, 

...in selecting the materials for their construction, the 
designer's consideration of climate factors often does not 

extend beyond allowances for weather tightness......the data 
presented are intended to be applied when implementing the 
principles of designing for climate... (Keough, 1951) 

 
1.2. The experimental work 
The early experimental work of CEBS involved field 
observations in actual houses in various climates. These 
however proved relatively inconclusive due to the 
variation in house design and climate. The effects, for 

example, of window size and distribution, insulation 
treatments in ceilings and walls, or concrete versus 
timber floors, could not be discerned from the 
experimental observations. Although this work added to 

the understanding of the thermal behaviour of dwellings, 
they yielded little data upon which generalised design 
rules could be established. To overcome this difficulty an 
experiment was conceived involving thermal models, 
shown in Figure 2. These models measured 3ft x 3ft in 
plan with a 1ft ceiling height. A typical house and larger 
models of 10ft x 6ft x 2ft3ins were built later to check the 
results with the smaller models. A colony of models of six 

different forms of construction - single leaf brick, timber 
frame, brick veneer, reverse brick veneer, single leaf 
concrete and brick cavity wall construction - were tested 
under identical conditions, each construction being used 
to observe the effects of exposure to sunshine, 
ventilation and insulation. The experiments involved 
treating one model of a pair and observing the difference 
from a second, all other conditions including the daily 

climate being identical for the pair. 
 

 
Figure 2: CEBS thermal models 

 
By 1949 sufficient data had been collected to suggest 
empirical results for the following effects: 

• the influence of solar radiation and the contribution to 
internal temperature rise and heat flow through roof and 
walls. 

• the response to external temperature at different rates 
of ventilation and with varying thickness of insulation. 

A first design chart (see Figure 3) was published by Wal 
Drysdale in 1952 and showed the influences of various 
construction types on the maximum internal temperature. 
This design chart appears in several versions during the 

following 20 years or so. 
To relate experimental observations to the thermal 
properties of building materials an analytical tool or 
technique was required which could estimate the 
dynamic thermal effects with variable heat flows “which is 
of importance to the relative discomfort in houses day 
and night when there is no temperature control by 
heating or cooling appliances - the condition of interest in 

the Australian design problem” (Alexander, c1954). Hand 
calculations were seen as impractical and work was 
undertaken to develop an electrical analogue with plug-in 
units to represent the walls, floor, roof-ceiling and ground 
of a typical dwelling. A diurnal excitation was applied to 
enable estimates of internal temperatures at selected 
times of the day. This electrical circuit model provided 
the key to the development of a mathematical treatment 

for the thermal response of a building using two “new” 
thermal properties of building elements - the transfer 
impedance and the internal impedance together with 
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their respective lags (Alexander, c1954). The BRE 
Admittance method published some twenty years later 
was a very similar technique (Milbank & Harrington-Lynn, 
1974). In 1955, just as this analytical technique was 

developed, the CEBS saw its thermal work as 
substantially complete and this exercise, together with 
other thermal performance research projects, were 
abandoned. While publications were released in 
subsequent years, they were all based on this early 
research. 

 
Source: Drysdale, 1952. 

Figure 3: Thermal behaviour of dwellings 
 

2. THE WORK OF CSIRO, DBR 
 
Building thermal performance research commenced at 

the CSIRO Building Research Laboratory (BRL) during 
1945. The first project undertaken at BRL involved 
research into the thermal conductivities of building 
materials, but the formation of the new Division of 
Building Research in 1949 signals the start of research 
into thermal analysis methods that continued throughout 
the whole period to 1972.  
 
2.1. Thermal analysis techniques 

The first project in thermal analysis at DBR proposed to 
repeat and refine the work of CEBS using an electrical 
analogue technique. By the end of 1950 “the electrical 
analogue instrument is nearing completion” (DBR 1950) 
and in 1951 “the electrical analogue has been wired and 
is being checked against theoretically known cases and 
thermograph readings taken during the summer in two 
houses of different wall types”. (DBR 1951). It appears 

that no papers were ever produced from the electrical 
analogue experiments, however, it is at time that Roy 
Muncey wrote a seminal paper entitled, Calculation of 
Temperatures Inside Buildings Having Variable External 
Conditions (Muncey, 1953). In this paper he describes 
the “usual” methods for estimating the temperature inside 
houses and other buildings exposed to fluctuating 
external temperatures as employing either the thermal 

models as proposed by Drysdale or by electrical 

analogues. Analytical methods, he pointed out, can 
obviously become laborious if many variables of climate 
and construction are to be handled. To overcome this he 
describes the evolution of a new mathematical technique 

applicable to all types of building and which was faster, 
more accurate and much less costly than experimental 
methods. It was based on the principle that if the surface 
temperatures and hence the heat flows at the two faces 
of an infinite slab of material are harmonic, they are 
related to two simultaneous equations in which the 
coefficients depend on the properties of the material. 
Non-sinusoidal temperature cycles were treated by 

analysing them into harmonics (Fourier analysis). In the 
paper Muncey states that the method, which marked an 
important development in the study of free-running 
buildings under summer conditions, had been verified by 
experiments on model houses subjected to cyclic 
external temperatures. 
Work continued over the next 10 years on the 
mathematical modelling of temperatures inside buildings. 

Results from monitoring a timber floor house and a 
“solar” house were compared with predictions using a 
harmonic technique and found to be “better than 
expected”. Four electronic computer programs were 
developed to undertake the arithmetical calculations, the 
first reference to such a method, with the researchers 
admitting “....the usefulness of an automatic computer 
was not realised until this work was almost completed....” 

(DBR, 1957) A suite of four programs were devised for 
the calculations, tested and made available on the 
Melbourne University CSIRAC computer for general use. 
The harmonic technique program(s) was eventually 
known as CARE. 
In a paper Thermal Response of a Building to Sudden 
Changes of Temperature or Heat Flow, Muncey (1963) 
describes another calculation method known as the step-
function or response factor technique for calculating 

variable heat flows. Response factor methods up until 
that time had involved obtaining response factors for 
individual heat flow paths. Muncey proposed an 
alternative to this time-consuming procedure by 
calculating the response factors for the total building. The 
technique provided the basis for the computer program 
STEP whose development commenced in 1964 using 
the new Fortran language. Some demonstrations of the 

accuracy of the technique were attempted and presented 
in the paper The Calculation of Internal Temperatures-A 
Demonstration Project (Muncey & Holden, 1967). The 
conclusion of this paper somewhat belittles the advance: 

The temperatures measured inside a concrete box structure 
were found to agree very well with the corresponding 

temperatures calculated from the observed external 
conditions......The discrepancies which do occur may be 
caused by both the experimental error and deficiencies in the 

theory... 

Two papers presented by DBR personnel at the First 
Symposium on the Use of Computers for Environmental 
Engineering Related to Buildings, held in Gaithersburg, 
USA during 1970, A Conceptual Survey of Computer-

Orientated Thermal Calculation Methods (Gupta, 
Spencer, & Muncey, 1970) and Methods for Thermal 
Calculations Using Total Building Response Factors 
(Muncey, Spencer, & Gupta, 1970) give a good summary 
of the international state-of-the-art, and show DBR at the 
forefront. Modifications to the programs CARE and STEP 
to enable “efficient” design studies were progressively 
introduced. These included the handling of variable 

ventilation rates and the operation of heating and cooling 
thermostats. By 1972 the program CARE was essentially 
abandoned and all development work concentrated on 
the STEP program. In 1974 the STEP program was 
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substantially revised to include multi-zone computations 
and renamed ZSTEP (Z for zones). Periods of “real” 
climatic data were also compiled for use as program 
input. ZSTEP however remained, by today’s standards, a 

rather crude and difficult to use research tool. A survey of 
DBR publications of the period indicates that although 
the nature of the heat flow calculations through opaque 
building components was discussed in some detail, at no 
stage was the development or full details of the methods 
of the thermal analysis contained in the computer 
programs open to scrutiny. 
 

2.2. Thermal conductivity, sol-air temperature and 
ventilation 
Progress in thermal analysis techniques was continually 
seen as being held back by a lack of basic information, of 
particular concern were the lack of real thermal 
conductivity values for common “local building materials, 
the formulation of the sol-air temperature (proposed 
initially by Mackay & Wright 1943), solar and long wave 

radiation, and information about ventilation rates in 
houses. 
Barned (1946) had compiled a data summary of thermal 
conductivity and other properties of building materials, 
but this was based mainly on overseas information. In 
1949 work commenced on the design and installation of 
instruments to measure the thermal conductivity of 
Australian building materials “so as to gain a more 

detailed knowledge of their behaviour than is available 
from the results of overseas tests on similar materials” 
(DBR, 1950). A large and small guarded hot plate 
apparatus were planned for construction, but these 
suffered several delays and were not operational until 
1952. By 1958 this equipment had to be completely 
redesigned and rebuilt. In 1970 O’Brien revised the 
original document and added Australian data that had 
been derived in the intervening period (Barned & 

O'Brien, 1970).  
Work to determine data for sol-air temperatures 
calculations on vertical and horizontal surfaces 
commenced in 1950. A literature review had not provided 
the detailed information required for the accurate 
determination of sol-air temperatures so this project was 
commenced to undertake measurements to predict solar 
absorption co-efficients, the intensity of solar radiation 

and the heat conductance of the surface air film. 
Although initial experiments were conducted during the 
1950’s, the culmination of this work came with the 
publication in 1970 of Some Investigations on the Sol-Air 
Temperature Concept by Rao and Ballantyne (1970). 
In the years 1959 to 1961 a project, believed to be the 
first of its type in Australia, was conducted to investigate 
the ventilation rates in houses. The ventilation rates in 

the houses were estimated by measuring the decay of a 
tracer gas (nitrous oxide) using an infra-red gas analyser. 
The influence of fixed ventilators and fireplaces was 
evaluated and several under-floor ventilation rates were 
also measured. Three hundred and sixty measurements 
of room ventilation rates were carried out in five timber-
framed houses. The results were grouped into wind 
directions and the results related to Bureau of 

Meteorology data for typical wind conditions for the 
Melbourne area. The results of this project were not 
published until 1966 (Howard, 1966), possibly a 
reflection of the sensitive political nature of this topic in 
relation to the activities of the Housing Commission of 
Victoria (see Note 3). The ventilation investigations were 
suspended in 1961 when it was decided that the tests 
required to develop a general ventilation model were 
beyond the resources of the Division (DBR, 1962). 

2.3. Solar radiation tables 
The 1952 Report of the Building Research and 
Development Committee says inter alia, 

Architects have requested information concerning the 

intensity of sunshine and technical data as to sunshine 
penetration through openings to assist in their work of 
designing specific buildings... (Building Research and 

Development Committee, 1952) 

During 1959 DBR investigated the failure of some glass 
spandrel panels in a Melbourne high-rise building. As 
part of this study estimates of the maximum solar 

radiation load on the building façade were made. It was 
very quickly realized that by using the recently available 
automatic processing facilities of the CSIRO (CSIRAC) 
computer, the method of calculation could also be 
employed to tabulate the direction and estimated 
intensity of solar radiation on surfaces at various 
orientations and latitudes. Calculation of the direct solar 
radiation was based on the Parry Moon calculations for 
cloudless sky values. The diffuse solar radiation for the 

first series of tables was estimated by a technique 
suggested by Berlage in a 1928 edition of 
Meteorologische Zeitschrift. The Tables for Sydney and 
Melbourne were the first to be produced. These Tables 
became known as the Spencer Tables (see for example, 
Spencer, 1960). 
During 1963 improvements were made to algorithms for 
calculating the solar position and the estimates of solar 

radiation. Measurements of radiation at CSIRO, Division 
of Meteorological Physics at Aspendale in Melbourne 
helped to improve the accuracy of predictions, in 
particular diffuse radiation and ground-reflected 
contributions. Figure 4 shows John Spencer adjusting 
the solar monitoring equipment. In 1965 a new series of 
Tables were produced for Melbourne, Canberra, 
Adelaide and Darwin and in 1968 the Sydney Tables 

were added. 
 

 
Figure 4: John Spencer Measuring Solar Radiation 

 
In 1974 the Tables were converted to SI units and again 
up-dated with the addition of several features including 
sunrise and sunset times and Solar Heat Gain Factors 
for different window break angles (Spencer, 1974). 
 
2.4. Monitoring of buildings 

The early monitoring of the thermal behaviour of 
buildings, like the work at CEBS, involved measurements 
with models. The data was used to check heat flow 
calculation methods that were being developed. During 
the winter of 1956 a study was made of the thermal 
behaviour of three buildings on the grounds of the 
Division at Highett. Two of these were identical tiled-roof 
weatherboard structures, except that one had a 

conventional suspended timber floor and the other a 
concrete slab-on-ground floor. (These buildings had 
been used during the previous year to compare the 
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effects of these floor types on the floor temperatures.)  
The third was a building of a "solar" design, having a 
large glass wall facing slightly east of north and a 
concrete slab-on-ground floor. The relative performance 

of these buildings was monitored with internal 
temperatures recorded continuously by thermocouples 
and plotted on a chart recorder. Various experiments 
were conducted including applying heating to the 
buildings. 
 

 
Figure 5: Thermal Models at CSIRO, DBR Highett 

 
The 1956-57 Annual Report states that the most notable 
feature of the results was that, almost without exception, 
the temperatures in the solar building were at all times of 
the day higher than the others (Division of Building 
Research-CSIRO, 1957). Although the measurements 

from the monitoring were apparently used to check 
mathematical techniques for calculating the internal 
temperatures in buildings exposed to fluctuating external 
conditions, no report of this monitoring exercise was 
produced. Ballantyne (personal communication) believes 
that the effort of transcribing the readings from the chart 
recorder was so tedious that, given the shortage of 
resources, it was deemed not worthwhile. Two years 

after this somewhat unproductive undertaking another 
research project, this time sponsored by the State 
Electricity Commission of Victoria, was commenced to 
test the effectiveness of briquette-fired heating units. The 
space heating properties of various heating systems 
were studied in two test rooms of 21ft by 21ft together 
with six physical “thermal” models of the rooms, two 
quarter-scale and four ninth-scale. A total of 65 

temperatures in the rooms and models were measured 
hourly using thermocouples and recorded on teleprinter 
tape for the purpose of automatic computer processing. 
The experiment was to test a variety of systems for the 
efficient transfer of heat to the rooms. Correlations 
between temperatures in the test rooms and the models 
showed that discrepancies rendered the models of little 
value for this investigation (Bautovich & Muncey, 1961). 

Despite this finding, the difficulties of measuring all the 
variables in “real” buildings meant that measurements 
from scale models continued to be used in the early 
1960’s to test the predictions from the analytical 
(computer) methods under development. Measurements 
from a 5ft square by 4ft high concrete box are reported in 
several papers of the time (see, for example, Muncey & 
Holden, 1967). 
 

2.5. Thermal insulation 
Improved calculation techniques, in particular the ability 
to consider intermittent and part-house heating enabled 
calculations of economical values of thermal insulation 
for Australian capital cities. A paper, Optimum Thickness 
of Insulation for Australian Houses (Muncey, 1955), 

provided estimates of fuel savings for typical timber 
framed and cavity brick houses. The calculations 
involved many assumptions and guesses. For example, 
the ventilation rate was taken as 3 ACH and the comfort 

temperature “somewhat lower than the temperatures 
maintained in American houses” was taken as 68

o
F 

(20
o
C). The amount of insulation that can be 

economically justified in a house was seen also to 
depend on the period during which comfort heating was 
required and no data was available to assess this period 
under Australian conditions. An estimate was made 
based on records kept by 80 families in Melbourne for a 

period April to September 1954. From these data the 
approximate hours of heating during winter months in the 
various Australian capital cities was calculated by 
comparing the average external temperatures at 2100 hr. 
A thickness of around 2 inches (50mm) of mineral wool 
insulation was claimed to be justified for Canberra and 
Hobart, 1! inches (38mm) for Melbourne and less for 
the other cities. 

 
2.6. Concrete floors 
A somewhat esoteric research issue taken up by DBR 
concerned the thermal comfort of feet on concrete floors. 
Shortly after WWII it was suggested that considerable 
savings of timber (and, on flat sites, labour) could be 
affected if concrete floors were generally accepted in 
dwelling construction. There was, however, considerable 

resistance, with the suggestion, that such floors would be 
uncomfortable. CEBS research results had indicated that 
indoor temperatures were lower in summer above bare 
concrete floors than above bare timber floors, and that 
on cold winter mornings the temperatures above the bare 
concrete floors were higher. The skeptics (or perhaps the 
timber industry) remained unconvinced arguing that it 
was a matter of foot comfort and not air temperature. 
Experiments with “artificial” feet were conducted by DBR 

during 1950 but proved inconclusive because the 
temperature gradient in heated rooms was not 
considered. A new experiment was commenced in 1951 
with 17 “real” subjects. The investigations concluded 
“..that the air temperature near the floor had the most 
important effect on foot comfort” (Muncey, 1954). The 
paper suggests that thermostatic controls should be 
located near the floor. A later, more detailed report on 

this research says,  
From investigations on the suitability of concrete floors for 
domestic dwellings it appears that such floors are 
comparable in performance with the conventional timber 

floors and, in fact, have some advantages. (Muncey & 
Holden, 1959) 

 

3. THERMAL COMFORT 
 

Along with efforts to understand and describe the thermal 
behaviour of dwellings, thermal comfort was a focus of 
research at several institutions during the period. The 
provision of comfortable conditions in a dwelling was 
viewed as the main design goal and establishing 
appropriate thermal comfort criteria was a necessary 
starting point for design calculations. 
Probably the first investigation on thermal comfort carried 
out in Australia was the work of Douglas Lee, Professor 

of Physiology, University of Queensland. Lee wrote 
several comprehensive papers on man’s reaction to 
tropical climates and made recommendations on the 
physiological principles which he saw as important for 
the design of tropical housing in the various climates of 
Queensland (Lee, 1940; 1944). Lee (1944) provides 
“design aids” showing the annual variations of climate 
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conditions (temperature and humidity) and the comfort 
zone for a number of Queensland towns. 
 

 
Figure 6: The Foot Comfort Experiment 

 
At an early stage in the CEBS investigations the hot 
conditions of summer were identified as presenting most 
concern but also that orthodox thermal comfort limits 
would have serious practical and economic limitations. 
As a consequence thermal comfort criteria established 
by overseas research based on effective temperature 
was replaced as a pragmatic design criterion with a 

single critical maximum temperature that should not be 
exceeded on a hot day. The temperature chosen 29.4

o
C 

(85
o
F), had been suggested by Winslow, Herrington and 

Gagge (1938) as corresponding to the onset of general 
sweating. The Thermal Behaviour Chart, (Figure 3), was 
seen as presenting a balance between this temperature 
criterion and practical economic considerations. Walter 
(Victor) MacFarlane, the “new” Professor of Physiology, 

University of Queensland in association with the CEBS in 
Sydney conducted a limited laboratory-based inquiry into 
preferred temperature using a small number of subjects 
(MacFarlane, 1958). He saw the main aim of thermal 
comfort research of this time as being the desire to 
provide some consistent empirical formulation for the 
question “In what range of environmental circumstances 
does a population say it is comfortable or behave as 

though it were?". (MacFarlane, 1958) He concluded 
“temperatures below 70

o
F seem uncomfortable to 

tropical people, and above 80
o
F for cold temperate 

people” (MacFarlane, 1958). A year later, in 1959, 
Hindmarsh and MacPherson from the School of Public 
Health and Tropical Medicine, University of Sydney, 
collected 2172 thermal comfort votes in the field over a 
one year period (Hindmarsh & MacPherson, 1962). The 
most generally preferred temperature was found to be 

73
o
F (22.7

o
C) and a comfort zone in the range of 66

o
F 

(18.8
o
C) to 81

o
F (27.2

o
C), although it was suggested 

“...such a range is quite unacceptable in air-conditioning 
practice.”  Their research also investigated the commonly 
held notion of the time that heat discomfort was due to 
the presence of unevaporated sweat on the skin. They 
found the “somewhat surprising” result that sweating did 
not closely relate to the environmental temperature (and 

therefore the preferred temperature). 
An important contribution to thermal comfort research 
commenced in late 1962 when DBR established a 
branch office in Port Moresby, The Territory of Papua 
and New Guinea

 
 to undertake investigations of the 

problems associated with tropical buildings. One project 
was to compare the indoor environments of four 
“government” houses. The study, among other things, 

aimed to determine the preferred temperature in the 
houses. An environment assessment card was devised 
for occupants to record their subjective thermal sensation 

vote, together with apparel worn, activity and other 
information. Indoor conditions were recorded 
continuously with thermographs (Ballantyne, Barned, & 
Spencer, 1967). Analysis of the thermal sensation data 

employed the technique of probit analysis that avoided 
the equal interval assumption erroneously inherent in 
“better” known research work (for example, Fanger 
1972). Ballantyne, et al. found that the range of 
temperatures for a neutral assessment were between 
23.4

o
C and 27.6

o
C, with the comfort zone (as defined by 

Hindmarsh & MacPherson) extending from around 
21.2

o
C to 29.6

o
C. The preferred temperature was 

estimated at 25.4
o
C. This information was used in a later 

computer study to examine design and construction 
options for houses in Port Moresby (Ballantyne & 
Spencer, 1972). 
DME also undertook thermal comfort research and 
during 1966 worked to develop a thermal comfort model 
to predict preferred temperatures based on three 
parameters, the physical mechanism of heat and mass 

exchange between the body and its surroundings, the 
physiological behaviour of the body and expressed 
thermal sensations. Variables included in the analysis 
were type of clothing, air velocities and degree of activity. 
An exact solution was found to the formulation by 
applying the assumption that thermal comfort is 
associated with no sweating. Although predicted 
preferred temperatures for thermal comfort were reported 

“initially” to agree well with published data derived from 
sensation votes under laboratory and field conditions 
(Morse & Kowalczewski, 1967), subsequent analysis of 
Kansas State University data of Rohles and Nevins 
indicated that the model assumption that comfort was 
accompanied by no sweating was incorrect. This was not 
a surprising conclusion given that Hindmarsh and 
MacPherson had reported this finding four years earlier. 
In 1971 a test facility was established at DME consisting 

of a controlled temperature and humidity room for 
experimental work on human comfort. Studies were 
conducted to investigate the effect of air velocities on 
preferred temperatures. In 1974 Robeson and Burton 
reported “...that subjects generally preferred higher 
velocities than those predicted by Fanger's equation” 
(Robeson & Burton, 1975). In March-April 1974 Ralph 
Nevins (fellow of the John B Pierce Foundation, Yale 

University) visited DME and conducted an experiment to 
test the hypothesis that subjects from both tropical and 
temperate climates would have the same preferred 
temperature. The fact that such a project was conceived 
indicates the belief at the time that comfort conditions 
could be determined independently of local environment 
and context, but no reference to any results of this work 
could be located. 

 

DISCUSSION 
 
The French philosopher Jean-François Lyotard (1984) 
pointed out that modern culture legitimised itself not by 
truth-claims on logical or empirical (scientific) foundations 
as it declared, but rather on the grounds of received 
stories about knowledge and the world. He further 
argues that in our postmodern condition, these stories (or 
meta-narratives) no longer work to legitimise truth-

claims. He suggests that in the wake of the disintegration 
of modernism we can no longer make claims to absolute 
truth but rather must deal with a world of ever-changing 
relationships (among people and between people and 
the world). 
In many ways the thermal performance research work in 
Australia during the halcyon days between WWII and 
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1972 exemplify the modern condition. In the days before 
the world and the design of buildings were ‘complicated’ 
by resource and environmental issues and questions of 
sustainability, the problem of thermal comfort provided 

the reason d’être for a research effort in this area. The 
meta-narrative comprised really three elements, first as 
the opening paragraph to the first Notes on the Science 
of Building ‘Design for Climate’ issued by the CEBS 
indicates (and echoing precisely the sentiments of the 
climatic determinists Huntington, Mills and Markham), the 
weather conditions (particularly during summer) was an 
issue. 

The loss of energy and efficiency experienced by white 
people in hot climates is difficult to assess, but it is 
appreciable, and justifies considerable attention to the 

improvement of physical conditions of both working and 
living. (CEBS, 1949) 

The second element of the story involves a 
belief/understanding of an inherent difference between 
the Australian situation and conditions and practices 

elsewhere, expressed, for example, in the view that the, 
“values for the preferred indoor temperature determined 
in other parts of the world cannot be applied with 
confidence in Australia” (Hindmarsh and MacPherson 
1962). Finally, the problem was articulated essentially as 
being concerned with the physics of heat flow and that a 
resolution could be discovered by scientific enquiry 
(involving reduction, observation, etc). This latter point 

reflected the science background of nearly all the 
researchers in the field. The issue of summer conditions 
in Australian buildings was never, for example, viewed as 
a design problem (perhaps informed by scientific 
knowledge) where the myriad of issues social, physical 
and economic could be subject of simultaneous 
investigation and resolution. 
Since thermal performance research was never given a 

particularly high priority, research directions and the 
scope of projects were subject to severe restrictions 
because of limited budget and manpower resources. The 
value and practical application of many projects was lost 
because of delays in completion, inconclusive outcomes 
and/or limited publication of results. In 1970 after 25 
years of building thermal performance investigations the 
DBR Annual Report lists the significant achievements as, 

greatly improved methods of calculating temperatures 
within buildings and also air-conditioning loads, detailed 
solar position and radiation tables for a number of 
locations in Australia and elsewhere, optimisation of 
house insulation for different climatic conditions, and 
finally the determination of preferred internal 
environmental conditions particularly for the tropics. If we 
include the main work done at CEBS as, 
design/construction recommendations related to climates 

of Australia, tools for calculating shading devices, and 
lastly the tabulation of climate related design data, we 
get a view of the principle research developments during 
the period. Compared with similar research in the UK 
and North America much of the Australian work was at 
the cutting edge, yet the overall effectiveness or benefit 
is difficult to determine. Notes on the Science of 
Buildings (NSB) and the Technical Bulletin Series (TBS), 

were the main vehicles for the dissemination of CEBS 
research findings to design professionals and the 
building industry. Perhaps the most influential of all 
publications was the TBS Designing Houses for 
Australian Climates first published in 1952 and updated 
in several editions since that time. It provides a 
comprehensive discussion of design recommendations 
derived from the research investigations (Drysdale, 

1952). Unlike CEBS, and perhaps in keeping with its 

status as a “scientific” research organisation, DBR did 
not have a publication series directed specifically at 
design professionals and the building industry during this 
period. Research findings were generally first published 

in either scientific journals or conference proceedings 
with a more substantial account of projects written up as 
DBR Technical Reports, in some cases available years 
after completion. There is in fact no evidence that the 
thermal performance research of the period had any 
direct effect on the design or construction of Australian 
houses. 
The legacy of the period that does however remain is the 

meta-narrative. With the extension of comfort to energy 
consumption and global warming it is essentially the 
same that underlies the debates in the field today. 
Instruments like NatHERS and the structure and content 
of the Building Code of Australia (BCA) ‘energy-
efficiency’ provisions owe their ancestry directly to this 
formative period – modernism rules OK. Perhaps it is 
now time to move on and realize that the reality of the 

thermal performance of a building in use cannot be 
prescribed by the application of a positivist science 
because the occupants matter. 
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ABSTRACT: The building industry seeks assessment and reduction of environmental, social and 
economic impacts in the built environment. There is a growing demand for decision-making support 
tools to facilitate this process. The building sector encompasses a broad range of professional activities 
including regulation, planning, design, manufacture and site development, and these span 

fundamentally different applications. Industry sector sustainable development relies on vast amounts of 
technically rich information, not yet streamlined, being shared between professions for varying 
applications at different stages and levels of the building life cycle. For consistent stakeholder decision-
making, building eco-assessment tools (BEA) that address economic, social and environmental criteria 
as well as those used only for environmental assessment need to manage vast amounts of information 
necessary for credible assessment. Information and Communications Technology (ICT) platforms for 
sharing data provide a way forward in compiling and processing such complex information sets. 
Results of studies of twenty-eight tools showed that irrespective of the economic, social and 

environmental criteria they addressed most did not support: 

• The majority of key stakeholders’ criteria or provide sufficiently flexible applications; 

• Stakeholder decision-making integrated over whole of building life considerations; 

• Early intervention such as at policy development, investment and concept planning; and 

• Functionality measures for pre/post occupancy and operational assessment  
This paper discusses stakeholder needs in relation to building environmental and sustainability 
assessment tool applications. Stakeholders are shown mapped against potential tool deliverables, in 
order to highlight gaps between their needs and current tool attributes/applications in a strategic life 
cycle framework based on emergent theory. Possible ways to meet identified stakeholder needs are 
illustrated and discussed, considering ICT technology exploited in a new tool prototype, LCADesign, 
that has created a platform to facilitate information collection/connection and manipulation from 

divergent sources for flexible, variously formatted, outputs. 
 
Conference theme: Social and political issues in architecture 
Keywords: building eco-assessment tools, Stakeholder Needs 

 
 

1. BACKGROUND 
 
According to Sarja (2002), ecologically sustainable 
development (ESD) and building design to reduce 

environmental, social and economic impacts involves 
coordinating stakeholder needs across an array of such 
criteria including functional, technical and ecological 
aspects. And Barton et al (2002) argue that addressing 
building sustainability issues requires building eco-
assessment (BEA) tools that facilitate strategic life cycle 
decision-making. Cole et al (2000) also stress that BEA 
requires professionals to work through increasingly 

complex problems and Watson (2004) finds increasing 
demand for detailed design performance appraisal, for a 
uniform level of broad information and tools that use new 
methods. 
Stakeholders use tools to benchmark, class, rank, 
assess, detail, badge, calculate and check environmental 
and sustainable, best and typical practice. While there is 
growing demand for their use, Seo (2002) and RMIT 

(2002) find that most stakeholders find BEA tools 
confusingly numerous, complicated and fairly unhelpful. 
This paper shows, the building sector encompasses a 
broad range of professional activities spanning 

fundamentally different applications.  
Increasingly, for sustainable development, the sector’s 

stakeholders rely on vast amounts of technically rich 
information, that is not yet streamlined, being shared 
between them at different stages and levels of building 
life cycle. Arguably the step change needed to overcome 
such challenges is to integrate and simplify tools and 
Watson et al (2003) have depicted how Information and 
Communications Technology (ICT) can facilitate BEA 
with new systems to overcome some barriers in 

obtaining and verifying knowledge. 
 

2. INTRODUCTION 
 
The CRC for Construction Innovation (CRC CI) funded 
development of LCADesign, a tool for automated building 
environmental and economic life cycle costing (LCC). 
LCADesign is an acronym for Life Cycle Assessment 
(LCA) with Computer Aided Design (CAD).  It is built on 
an ICT software platform, acting as a hub, to integrate 

outputs of 3D object-oriented CAD models, a national 
Life Cycle Inventory (LCI) database and recognised Life 
Cycle Impact Assessment (LCIA) environmental 
indicators.  Integration is achieved via an express data  
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Table 1: ICT Change For ESD Design Project: Paper to Virtual Model 
Breakdown Level 0 Level 1  Level 2  Level 3  Level 4  

Organisation Hierarchical Co-operative Co-ordinated Integrated Intelligent 

Process Independent Co-operative Co-ordinated Integrated Virtual 

Modeling Collegiate Co-operative Co-ordinated Concurrent Interactive 

Information Serve 1-way Service 2-way Share 2-way Share core data Share data rich model 

Technical Paper 2D CAD Simple 3D CAD Object-oriented 3D CAD Object-oriented 4D CAD 

ICT platform /databases Quantities Bill (BoQ) BoQ, LCC & QS separate LCC, LCI & QS separate BoQ-QS-LCC-LCIA-CAD 

linked 

ESD-LCIA-LCC-CAD-QS-

BoQ-integrated 
adapted from Construct IT 2000 IT Plan 

 

manager to report comparative performance across 
building planning, design, quantity survey (QS) and 
checking applications. 
Creating a hub and facilitating its use for various outputs 
would be much more difficult without such an ICT 
platform that also, as Jones et al (2001) outline, 
facilitates integration of applications essential to cover 
stakeholder needs. According to Construct IT (2000), 
and as shown in Table 1, level 3 ICT can facilitate 

linkage, compilation, integration and processing of 
information.  Such ICT is useful for team sharing of data-
rich 3D CAD file data integrated with that from LCA-LCC-
QS-BoQ-databases in order to show outcomes in various 
BEA formats, such as used in LCADesign. From the 
project outset, the authors determined that LCADesign 
had to feed both forward and backward from building 
phases of design to: definition, detailing, delivery and 

deconstruction as stakeholders need staged tools for: 
• Defining service needs, goals and outcomes at project 

initiation; 
• Designing with outcomes integrated over the project 

temporal life cycle; 
• Detailing the supply chain with information considering 

whole of life cycle issues; 
• Delivery of high quality construction as well as 

management in-use; and,  
• Deconstruction considering recovery credits as 

opposed to demolition or waste. 
 

 
Figure 1: BSA framework skeleton, modules and basic 

information flow 

To achieve this, a theoretical building sustainability 
assessment (BSA) framework, such as illustrated in 
Figure 1, was needed to provide reference points for, 
and inform connections to, databases, data managers 
and CAD models. 
Initially the framework evolved from efforts applied in: 
• Characterising and resolving issues with tools meeting 

stakeholder decision-support needs; 
• Identifying applications and formats of information 

required and useful at key process and decision points; 
and 

• Establishing a platform for facilitated integration of 
applications at both overview and detail levels. 

It became increasingly evident that, with such a 
framework informing an ICT communications manager, 
an automated 3D object-oriented CAD tool kit leveraging 
function off one platform offered a step change for 

streamlining BEA. 
 

3. AIM AND SCOPE 
 
The aim of this work was to explore and respond to the 
question: Are Australian building eco-assessment tools 
meeting stakeholders’ needs? For this evaluation, tools 
listed in Table 2 were evaluated by considering technical 
and architectural reviews of: 
• Basic tool and life cycle theory as well as typical 

features, attributes and functionality along with life cycle 
cover; 

• Stakeholder-cover and need for tool applications and 
environmental, social and economic outcomes.  

• A BSA framework of key tool applications for potential 
leverage off 3D CAD ICT platforms. 

 

4. METHOD 
 
The work involved reviewing theory and practice papers 

considering: 
• Tools and database reviews by Seo (2002), Foliente et 

al (2003) and Watson et al (2003); 

 

Table 2: Building eco-assessment tools studied 
Ove rseas  Too ls  Refe rence Aust ra l ian Too ls  Refe rence 

Ecoprofile NBI (2002) Green Star AGBC (2004) 

BEAT DBUR (2002) Evergen  CSIRO (2002a) 

GreenCalc NIBE (2002) AccuRate CSIRO (2002b) 

EQUER EMCEP (2002) NABERS E. Aust (2002) 

ECO-QUANTUM IVAM (2002) LISA BHP (2002) 

LEED USNAGBC (2002) NBGR SEDA (2002) 

BEES NIST (2002) BASIX DIPNR (2002) 

GBTool NRC (2002) LCAid  DPW&S (2002) 

Green Globes CEE&EEC (2004) EPGB DPW&S (2002) 

ATHENA  TASMI (2002) EcoSpecifier RMIT (2004) 

CASBEE JSBC (2002). First-Rate  SEAV (2002) 

BREEAM BRE (2002a) GESOF Qld Govt. (2002) 

Material Environmental Profiles BRE (2002b) ESSAM Barton (2002) 

ENVEST 1 BRE (2002c)   
ENVEST 2 BRE (2003)   
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• Architectural design and building industry supply chain 
reviews by Watson (2004) and Mitchell (2004); 

• User applications over asset, design and building 
temporal and physical life cycles; 

• Stakeholder needs and applications compared with tool 
applications and deliverables; 

• Identification of gaps between user needs and tool 
attributes/applications and potential plug-in tools; 

• Studies of newer tools and perspectives offered by 
ENVEST 2, GESOF, ESSAM, Green Star and 
NABERS; 

• Prospective applications, tools and database leverage 

off object-oriented CAD ICT platforms. 
 

5. BASIC BEA TOOL THEORY  
 
Barton et al (2002) find that unless tools embody ESD 
requirements then, as most commonly occurs, they will 
exclude consideration of ESD in their application. Tools 
are intended to make a job easier or more efficient and to 
do this they should be practical and meet basic user 
needs.  As Cole (2000) points out they must also be 

cost-effective and provide consistent outcomes. Watson 
(2004) proposes that they need to facilitate: 
• Interaction with different professions, ideologies and 

paradigms throughout the project delivery process; 
• Clear communication of assessment outcomes and 

provide decision-making support for tasks to be 
undertaken; 

• Adoption of high-level principles in a life cycle 

framework with benchmarked impacts; 
• Streamlining of information around theory to meet 

performance criteria and accommodate design support; 
and 

• Restructuring as suites of various tool types to suit 
particular occupancy scenarios. 

As Table 3 shows many stakeholders are involved in the 
building creation process and numerous BEA tool types 

and applications are in existence including guides, 
ratings, blueprints, manuals, badges, calculators, 
standards, rankings and checklists. Stakeholders require 
a variety of tools with appropriate applications both in the 
early stages and later phases of projects. Investment 
tools, for example, may be used to benchmark 
performance and communicate policy strategy, whereas 
in construction tools for scheduling and certification are 
more common. 

5.1. Life cycle thinking  
Sarja (2002), Mitchell (2004) and

 
Jones et al (2003) all 

stress that holistic life cycle structure is required for BEA 
and decision-making. Gilbert et al (2000), Barton et al 
(2002), Lovins (2004), Jones et al (2004) and Watson et 
al (2004) all show that, compared to the linear norm, life 
cycle thinking applied in decision-making drives more 

objective strategic planning to produce improved 
economic and environmental outcomes. Gilbert et al 
(2000), Lovins (2004) and Todd et al (2001) confirm that 
identifying successful intervention points in the process, 

before applying effort to integrate key environmental 
strategies, is critical. This is because, at each point in 
time pre-existing and subsequent operations need 
assessing, for example: in design for cleaner production, 
adaptive re-use, and disassembly.  
Lovins (2004), Watson (2004) and Jones et al (2003) all 
stress that by the time designs have developed it is far 
too late to integrate most sustainability initiatives. Timing 

is critical because of issues such as prior allocation to 
master plan, infrastructure, orientation and budget 
limiting later opportunities.  This means that if BEA tools 
are to apply from the earliest phase they must link to 
investment policy, benchmarks and rating applications. 
Watson (2004) also stresses that ecological design must 
be viewed: 
• Professionally through a lifecycle perspective to 

understand the true situation; 
• Holistically in context considering users/occupants and 

never in isolation; and, 
• As cyclic concepts that need early consideration and 

budget allocation. 
 

5.2. Redefining applications by life cycle 
While stakeholders need to know the environmental 

implications of upstream and downstream operations to 
make informed decisions Watson (2004) points out that 
stakeholders understanding of the building lifecycle 
varies significantly. Possibly this is because the term 
'building lifecycle’ loosely covers the ‘planning and 
design development process’ use and reuse from cradle-
to-grave.  However, it is asserted that, rather than 
management of asset, facility, design, construction and 
in use processes BEA tools have drawn on life cycle 

theory developed around a primary industry sector 
picture of mines, factories, consumer goods and 
transportation.  
It is to be expected, then, that with such life cycle 
terminology poorly defined, key BEA elements and 
associations remain undifferentiated or obscured. 
Watson’s (2004) new life cycle theory offers an advance 
in definition of terminology as he defines life cycle 

phases as being temporal or physical in nature.
 

He 
differentiates the building’s physical life cycle from 
actions over a temporal life cycle in design processes 
and asset planning that go to build it.  His physical life 
cycle relates to material flows in forming objects and his 
temporal life cycle to sequencing of decisions as shown, 
for example, in Figure 2.  
 

 

Table 3: BEA tools by stakeholders, application and phase 
Stakeho lde r  Profess ion  Communicat io n  Documentat io n  Phase  

Investor Broker, Client Policy, Benchmark  Feasibility Study, Strategy Investment 

Owner Facility, Portfolio Brief/Tender, Bid Estimates, Classing, TQM Acquisition 

Developer Urban, Builder Bid, Estimate Development Application. Development 

Planner Portfolio, Asset Guide, Benchmark Guide, Benchmark Planning 

Provider Logistics, Marketing Market Analysis Campaign Organisation Initiation 

Manager Project, Site Project Schedule Project Planners Construction 

Supplier Plant Control Label, Profile Templates, Labels, MDS Procurement 

Designer Architect/Interior Design, Model Blueprints/Plans Design 

Surveyor Quantity Specification Bills of Quantities Procurement 

Builder Commercial Plan, Certification Plan, Fee Schedule  Delivery 

Occupant Asset Owner Manual, Signage Tenant, Checklists Commission& Use 
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Figure 2: Diagrams of (a) Temporal Design Life Cycle 

Phases (b) Physical Building Life Cycle Phases 
 

5.3. A life cycle framework for developing BEA 
applications 
A holistic life cycle frame of reference for considering 
stakeholders’ BEA decision-making needs alongside 

appropriate tool applications was sought during 
LCADesign tool development. This was undertaken in 
order to facilitate stakeholders’ consideration of up-and-
down stream implications from earliest to latest project 
stages. A theoretical framework emerged that was 
grounded in consideration of built shell, interior and 
engineering function as ecological systems. In framework 
development Watson’s (2004) assertion that tools must 
act to bridge service delivery needs, professional 

applications, management systems, design processes 
and occupant psychology was adopted as a guiding 
principle. Subsequently it was structured to align life 
cycle processes considering: 
• Physical operations over the building life from material 

acquisition from, and disposition to, the earth.  
• Temporal building processes over asset, design, 

project and building life cycles; and 

• ICT support for professional project networking and 
information exchange. 

As a conceptual map of the whole process of creating 
sustainable building the BSA framework was then used 
to re-evaluate strengths and weaknesses of the various 
tool types and criteria with a view to providing enhanced: 
• Definition of objectives, tender and bid evaluation; 
• Supply chain performance assessment for product 

procurement; 
• Construction delivery applications post design to 

handover, post occupancy and maintenance; 
• End-of-life recovery and reuse of material elements. 
 

6. DISCUSSION AND RESULTS 
 
As a consequence of knowledge assimilated from 
reviews of existing and new tool theory, results of tool 
gap analysis and comparative evaluation against the 

theoretical framework, key points were revealed where 
stakeholders’ assessment needs had to be addressed. In 
the current climate of sustainability practice, the findings 
all pointed to a fundamental stakeholder requirement for 
clear communication from a common national platform. 
This requires the adoption of a common language linking 
disparate professions with fundamentally different 
application needs. Direction and communication, for 

example, is facilitated when tools clarify definitions, aims, 
objectives, policy, strategies and tactics and provide 
material for presentation and outcome reporting.  
Seo (2004) found limitations including restricted scope, 
shallow focus, time-consuming application and specificity 
to country of origin that limits their usefulness in 
Australia. He found existing tools and frameworks were 
focused on physical metrics and that most lacked: 
• Comprehensive support for stakeholder decision 

making; 
• Integration of whole-of-life considerations from earliest 

investment planning; 

Consideration of policy development or pre/post 
occupancy assessment; 

• Functionality measures for operational service delivery; 
and 

• Flexible outputs for the broad range of potential users. 
Watson (2004) found it desirable to provide designers 
with the means to appraise design performance against 
sustainability criteria and that tools typically did not 
address critical stakeholder requirements, such as: 
• Stakeholder needs and relationships in the built 

environment; 
• Different contexts in relation to the building industry; 

• Local environmental and key social and economic 
criteria. 

Table 4 shows reconfigured results from Seo (2002) and 
Foliente et al (2004) where, overall, 16% of tools covered 
four phases, 48% covered three, 24% applied to two and 
12% one phase only. Most tools focus on one or two 
phases only, which may not be an issue if they reflect 
stakeholder position, scope of work or timeframe. 

Without a common language, however, the use of 
separate tools to achieve life cycle coverage can add 
confusion to already complex tasks. Design was the 
focus of most tools, few applied to brief development or 
concept planning and most ignored extant buildings, 
fitout and refurbishment. None had applications for 
investment or economic or social criteria. 
 

Table 4: BEA tool life cycle cover  
Tool Plan Des ign Use Dispose 

CASBEE, GBTool, BREEAM, Green Star ! ! ! ! 

Evergen, EPGB, BRE Profiles, BASIX, LCAid ! ! !  
LEED, Ecoprofile, BEAT, Greencalc, EQUER, 

Envest, LISA 
 ! ! ! 

ATHENA and Green Globes, AccuRate  ! !  
BEES, Eco-Quantum, EcoSpecifier  !  ! 

NABERS, NBGR, Firstrate   !  
Results reconfigured from those of Seo (2002) and Folient et al (2004) 

 

The review of newer tools found all covered the four 
given phases of new building projects except NABERS 
that applied to extant buildings in-use only.  This is 
critical as renewal of extant buildings is most significant 
for ESD, because as Jones et al (2003) report large 
estate owners such as State governments can spend up 
to10 times more annually on existing compared with new 
building stock. Apart from LCADesign, none of the newer 

tools directly assessed economic costs. The NABERS, 
GESOF and ESSAM tools, however, did consider 
community or social aspects. Also Watson et al (2004) 
show Envest 2 is just one tool in a larger kit outlined in 
BRE (2002a, b and c) that does address economic and 
social aspects. Because newer tools had increased life 
cycle coverage by phase as well as economic and 
community aspect they may be expected to better fill 
stakeholder needs than earlier ones.  

Few tools provided sets of applications such as in the 
GESFOA and BRE tools (when used together as a set), 
which supported Watson’s 2004 finding that there was 
significant need to provide users with: 
• Document/ template briefs, specifications, contracts 

and bid/tender evaluations; and, 
• Tools that can interact across framework, guideline and 

checklist applications. 

Finally since they were not well served by existing tools, 
it is considered that, there is significant potential to 
provide managers, purchasers, operators and occupant 
applications with features for aligning ESD principles and 
policy as well as comparative performance assessment, 
against best building practice benchmarks. 
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7. TOOLS TO MEET STAKEHOLDERS NEEDS  
 

The theoretical framework, as previously described, was 
used to predict tool components required to: 
• Define building service needs, project goals and 

outcomes at investment or initiation phase; 
• Design for integrated outcomes over the project 

temporal life cycle and to plug-in to existing tools; 
• Detail information from the industry supply chain 

relevant to whole of life cycle issues; 

• Deliver high quality project management, site-work, 
post occupancy as well as in-use assessment; and,  

• Deconstruct considering design for disassembly 
recovery credits as opposed to demolition or waste. 

In an LCADesign project proposal, BEA tool component 
applications, integrated together in modules, were all 
envisaged to have automatic take-off from 3D CAD 
Models.  These all leverage function off the one ICT 

platform and together they comprise a practical toolbox, 
in which plug-ins and supplements in the right sequence 
and level of detail meet stakeholders’ needs for 
comprehensive coverage and avoid current issues with 
ad hoc, linguistically confused, separate tools. Some 
examples of tool components of the five framework 
modules are listed in Table 5.  
The proposal addressed what was required to support 
and meet stakeholders’ essential decision-making needs 

for Australian BEA tools considering provision of: 
• Clear communication and alignment with ESD 

principles, policy and planning;  
• Technical and linguistic coordination with other tools; 
• Comparative assessment against best building 

performance benchmarks; 
• Documentation/templates for briefs specification, 

contract and evaluation; 

• Interactivity with supporting frameworks, guidelines and 
checklists; and 

• Plug in tools to meet user needs for in-use assessment 
on ESD criteria. 

The first framework module, LCADefine, has component 
tools to define investment and planning targets and 
setting of project objectives as they occur in concept 
development and initiation, in order to facilitate up-front 

acquisition of key information in the initial phases of a 
project, so as to better inform the planning process. 
Additionally the LCADesign Module ensures technical 
and linguistic coordination with other tools as well as 
linkage to parametric models. 
The third, a module for selecting lower impact products, 
LCADetails assesses material profiles and supply-chain 
knowledge that according to Mitchell (2004) is currently 

under-informed compared to that in other countries with 
advanced procurement systems, albeit less so in ICT 
terms.  An LCADeliver module contains applications for 
project decision-making to ensure that as-assessed and 
specified is delivered. Finally the LCADeconstruct 
module contains applications to give credit for design for 

disassembly and industry recovery initiatives for material 
reuse and recycling. 
 

CONCLUSIONS 
 

The paper has depicted stakeholders’ BEA needs, a 
theory summary and an emergent BSA framework of 
integrated tools. It has revealed how tools fail to provide 
adequate support for stakeholder decision-making.  
Many tools evaluated focused on physical rather than 

stakeholder required metrics such as functionality 
measures for operational service delivery. A primary 
need was for clear communication between disparate 
professions using a common BEA language. And 
currently, without a common language, the use of 
separate tools to achieve life cycle coverage generally 
adds confusion to already complex tasks.  
Overseas-developed tools have limited relevance to 

Australian conditions and most have restricted scope, 
shallow focus, are time-consuming in application and 
ignore economic and social criteria.  
The mapping of stakeholders’ needs in a building life 
cycle framework against potential tool deliverables found 
no tools covered the entire building life cycle and also 
highlighted many current gaps in tool attributes and 
applications. The focus of most was design, few were 
applicable to brief development or concept planning, 

none had any investment applications and most ignored 
refurbishment and disposal phases. 
Two newer tools addressed extant buildings, one in-use 
and one in fitout. In newer Australian tools there was also 
increasing coverage by phase and of economic and 
community aspects, so these better fill stakeholder 
needs than  do earlier ones. In most tools there is also 
considerable potential to provide applications for 

managers, owners, purchasers, operators and 
occupants. 
The theoretical BSA framework foreshadowed at least 
one step change with potential to create improved tools 
to meet stakeholders BEA needs.  This is by exploitation 
of ICT platforms to facilitate collection and connection 
from divergent sources for flexible and varied outputs 
covering many building aspects, criteria, processes and 

life cycles. Key points that BEA tool developers need to 
address in future include provision of: 
• Whole of life tools with true building environmental, 

along with additional social and economic cost, 
assessment; 

• Better capacity to select appropriate goals and 
benchmarks over asset, design, project and building life 
cycles; 

• Increased stakeholder and design support via 
integration of professionally and temporally aligned 
applications; 

• Applications for early intervention such as at 
investment, policy development and planning stages; 

 

Table 5: BEA example tool applications in modules of the LCADevelop framework 
LCAD Modu les  Some Ex amples  Appl icat io n Requi rements  Solut ions /Plug -Ins  

Brief Development Compare with best practice benchmarks Rated benchmarks 
LCADef i ne  

Design Brief/Bid Incorporating economic & environmental costing LCADesign capacity 

Brief Response Audit/Assess current codes/standards/contracts Codes, IAQ, Access 
LCADes ign  

Building Information Compare all levels design analysis Plug-in tools Orient, space, light 

Procurement Eco specification & Industry practice details  Profile & practices 
LCADeta i ls  

Eco Practice Notes Sensitivity Analysis for improvement opportunity Service Consultants 

Project Delivery Eco specification & Supply affirmation tags Product labels/tags 
LCADel i ve r  

Pre/Post Occupancy Project Guides, Benchmarks &Templates  Occupant checklists 

Design for recovery Credit Design for disassembly & re-use potential Code to credit reuse  
LCADeconst ruct  

Refurbish, Reuse Refurbishment recovery eco practice notes Guide & checklist 
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• Functionality measures for pre/post occupancy and 
operational phases, and flexibly formatted applications; 

• ICT technology to manage the vast amount of 
information necessary for credible assessment; and  

• Full development of shared information platforms that 
facilitate consistent decision-making. 
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ABSTRACT: This paper presents a description and analysis of the application of the Probe-style 
questionnaire in ten New Zealand buildings. Well established in the UK, the format of the basic 
questionnaire is outlined, and a description given of the performance indices that may be derived from the 
survey data. Following that, an overview of the buildings, half of which were offices and the other half 
academic, in terms of their basic functions, is presented, together with some of the key experiences and 
survey findings. Results from the surveys of the ten buildings are tabulated and summarised. The paper 

concludes with a review of the main lessons learned from these studies and recommendations for future 
applications of questionnaires of this type. 
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INTRODUCTION 

 
It is now nearly a decade since the PROBE project 

started in the UK. In full, this carefully contrived acronym 
(but no less appropriate for that) means Post-occupancy 
Review Of Buildings and their Engineering. Some 21 
studies of a range of building types, all state-of-the-art, 
have been published in the Building Services Journal 
over that period. The project as a whole was extensively 
documented and summarised in a recent Special Edition 
of Building Research and Practice on Post-occupancy 

Evaluation (BRI, 2001a) with extensive follow-up 
commentary articles in two subsequent issues (BRI, 
2001b and 2002). 
One of these commentary articles (Baird, 2001) included 
a brief outline of some of the parallel activities being 
undertaken by the author and his associates in New 
Zealand. This paper will give an update of these 
activities, present a sample of the results obtained so 
far, and note our experience in applying one of the 

techniques (the user survey questionnaire) employed in 
the Probe studies. This is a follow-up to a recent paper 
(Baird and Jackson, 2004a) detailing some overseas 
studies undertaken using the technique. The aim is to 
give independent guidance on the practical application of 
this survey methodology to other potential users. 
As currently applied by its developers, a full Probe study 
involves ten key stages or processes, including analysis 

of the building’s energy consumption and pressure 
testing of its envelope fabric. Here, the focus is on Stage 
6 (BRI, 2001a, pp94-98), the occupant survey, in which a 
questionnaire is used to elicit the opinion of the building 
users on a range of issues. 
 

1. THE PROBE QUESTIONNAIRE 
 
The questionnaire has evolved over several decades, 
from a 16-page format used for the investigation of sick 

building syndrome in the UK in the 1980s, to a more 
succinct 2-page version that can fit readily onto both 
sides of an A4 sheet. Developed by Building Use Studies 
(BUS, 2004a) for use in the Probe investigations, it is 
available under licence to other investigators. 

The current ‘standard’ questionnaire seeks responses, 

on a 7-point scale, to a range of variables within the 
following fields: respondent’s background; building 
overall; work area and requirements; thermal comfort 
and air quality; lighting; noise; overall comfort; 
productivity; health; and personal control. 
Analysis of these responses yields a mean value (on the 
7-point scale) for each variable. Each of these may be 
simply assessed in relation to the selected scale, or 
compared with the mean value from the BUS dataset 

benchmark together with the its upper and lower 95% 
confidence intervals (which are based on the previous 50 
buildings analysed). 
As well as these individual ratings, two overall indices 
are also calculated: a Comfort Index, based on the 
overall comfort, lighting, noise, temperature, and air 
quality scores; and a Satisfaction Index based on the 
design, needs, health, and productivity scores. The 

average of these is termed the Summary Index for the 
building. 
A Forgiveness Factor, intended to indicate the degree of 
tolerance of the users to shortcomings in specific aspects 
of environmental comfort compared to their overall 
perception of comfort, is also calculated. This is the ratio 
of the Overall Comfort score to the average of the 
individual overall air quality (summer and winter), 

temperature (summer and winter), noise, and lighting 
scores; with a factor >1 deemed more forgiving and <1 
less forgiving.  
In addition, the current analysis methodology yields an 
overall rating for the building – based on how it has 
scored in relation to the BUS dataset benchmarks and to 
the scale midpoints, over the following ten variables: 
comfort overall, temperature in winter, temperature in 

summer, lighting overall, noise overall, productivity, 
design, needs, health, and image – expressed both as a 
percentage and on a 7-point scale.  
The method of calculating these overall indices and 
ratings is made completely transparent in the BUS 
analysis output documents, making them open to 
discussion and debate. 
In keeping with the ‘standard procedure’ for such 
surveys, permission to undertake them was in all cases 
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sought from the building owner and manager, and from 
the heads of departments or individual tenancies 
accommodated in the buildings. Responses were 
normally positive to these requests, the only significant 

issue for some organizations being to ensure that 
respondents could remain anonymous if they wished. In 
addition of course, the procedure had to pass the 
scrutiny of our own University Ethics Committee, and a 
license agreement with BUS Ltd had been established. 
Once collected, the data from the questionnaires was 
typed into pre-formatted Excel files provided by BUS. On 
completion and checking of these, the completed files 

were then emailed to BUS for analysis. 
It what now follows, the nature of the various buildings 
and some of the main results for each are outlined. 
 

2. APPLICATION IN TEN BUILDINGS – 
OVERALL CHARACTERISTICS AND RESULTS 
 
Of the ten buildings, five housed mainly administrative 
activities of one kind or another and were located in 
Wellington; four housed academic activities and the 
remaining one was a library, these being in different 
parts of the country. 

 
2.1. Buildings A, B, C, and D 
These four buildings were the first in which the Probe 
methodology had been employed in New Zealand. In 
this study, a restricted questionnaire was administered 
as its main focus was on the relationship between 
energy use, environmental comfort, control, and 
productivity (Rogers and Baird, 1999). 

The four buildings were all commercial office blocks 
located in the Wellington CBD. While managed by the 
same company, each building had a different owner but 
none was owner-occupied – all were multi-tenanted. 
Hence approval to undertake the surveys had to be 
sought from both the building owners and the individual 
tenants – a laborious process. Regrettably, five of the 28 
tenancies (over the four buildings) chose not to 

participate officially; nevertheless, the researchers were 
able to elicit responses from every floor in every building. 
Response rates ranged from 20 to 50 per cent over the 
four buildings with an overall rate approaching 30% - 
high by some standards, but rather less than was initially 
hoped. 
Completed in 1991, Building A is a 13-storey office tower 
of some 10,500m

2 
floor area housing around 430 staff. It 

is fully air-conditioned with a variable air volume system 
and a gas fired boiler. One the first such surveys 
undertaken, 109 questionnaires were returned (a 
response rate of 25%). The results for the main study 
variables are presented in Table 1. 
Building B is a nine-storey twin tower also with a floor 
area just over 10,000 m

2
. First occupied in 1989, it too is 

fully air conditioned, but via fan coil units in this instance. 

Here some 20% of the 216 occupants surveyed 
completed the questionnaire – just about as low a 
number as could be considered acceptable. 
Building C, at 3,300 m

2
, was also fully air conditioned 

using fan coil units. In this case, half of the 36 occupants 
of this four-storey 1987 building completed the 
questionnaire.  
Building D, the oldest of the quartet having been built in 
1982, had a floor area of nearly 3000m

2
 spread over ten 

storeys. It is naturally ventilated and fitted with locally 
controlled individual electric heaters. The 43 responses 
represented a 50% return rate. 
Of the four, Bldg D ranked the highest in terms of 
perceived productivity, control, health, and overall 

comfort – an interesting finding given that it was the 
oldest building, was not air-conditioned, and had a 
predominantly older female workforce engaged in 
general clerical/administrative activities. It also had 

excellent internal management systems set up to deal 
promptly with any building-related issues that might 
arise. 
 
2.2. Building E 
Originally completed in 1981, this tapering circular plan 
(46m diameter at ground level), sealed façade, fully air-
conditioned building was designed to house the 

executive wing of the New Zealand Parliament. It 
includes seven floors of office accommodation on top of 
a three-level Banqueting Hall and catering facility above 
ground; together with a four-level basement housing a 
Civil Defence Headquarters and other services.  
A recently completed refurbishment saw the installation 
of a dual duct variable air volume system to the offices 
with a range of individual controls and the addition of 

openable windows (Van Doorn, 2003). 
Given the nature of the building, the questionnaires were 
distributed to the occupant’s desks by security staff and 
returned via the internal mail system (some 106 or 48% 
in this instance). All of the comfort-related scores were 
higher than the BUS benchmarks, contributing to the 
building’s high overall ratings of 75% and 6 on the 7-
point scale (see Table 1). 

 
2.3. Building F 
Completed in 1998, this building is designed to house 
two Canterbury University academic departments (Baird 
and Kendall, 2002). The 11,551m

2
, thermally massive 

building is split approximately equally between a seven-
storey academic block, containing staff and postgraduate 
students in three towers, and a four-storey 
undergraduate teaching block. The two blocks are linked 

by a five-storey high, glass roofed atrium space and a 
basement area containing mainly teaching and service 
spaces. 
The academic block is predominately naturally ventilated, 
while the teaching block is predominately air conditioned, 
with the atrium ‘free-running’ between the two. Heating in 
this case is from the campus’ coal fired district heating 
system, while cooling water is provided via a naturally 

occurring aquifer under the site. 
Overall, the results show that the building was rated very 
highly by staff, achieving a level of occupant satisfaction 
in the top five-percentile of the 2001 BUS Benchmark 
data-set relevant to comfort (specifically noise, lighting, 
summer temperature, winter temperature, and overall 
comfort). 
Summer and winter temperatures were perceived as 

being comfortable, the only issue being the effect of the 
cooling down of the building over the weekend in winter 
on Monday morning temperatures in the academic block. 
An overall rating of 100% was achieved.  
 
2.4. Building G 
This building, located in the Wellington CBD, was 
originally a three-storey, deep-plan, combined freight 

forwarding and office building, built in the early 1970s for 
an airline. In the early 1990s it was converted and now 
houses Victoria University’s Schools of Architecture and 
Design. The original building was structurally 
strengthened, an atrium was cut through the centre to let 
in more natural light, and a further level was added 
bringing the overall floor area up to around 10,000m

2
. A 

gas fired boiler provides hot water to radiators around the 
naturally ventilated perimeter and to the heater batteries 
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of the mechanically ventilated core areas.  
The accommodation comprises studios, seminar and 
computer rooms, lecture theatres, exhibition spaces, 
laboratories and workshops, administration areas and 

staff studies – designed to cater for the needs of some 
70 staff and 700 students. While a walk-through POE 
survey had been undertaken in 1996, a further Probe-
style questionnaire was administered in 2002 (Baird, 
Jackson and Watson, 2003).

 

In this case, most scores were better than the BUS 
benchmark, indicating a good all-round building, as 
evidenced by an overall rating of 75%. However 

perceived productivity was poor – unwanted interruptions 
and noise from adjacent teaching spaces appeared to be 
contributing to this situation. 
 
2.5. Building H 
This survey was carried out in three linked buildings 
which form part of a tertiary educational campus located 
in the North Island of New Zealand. Two of the buildings 

were new and the third a refurbishment, with a total area 
of some 7,000m

2
. All three were linked by a covered 

street with which other campus buildings were 
associated. Of the new buildings, one housed a library, 
science laboratories, and a gymnasium; the other 
computing and electro-technology workshops and an 
open plan staff studio. The refurbished block housed 
mainly administrative functions such as faculty offices 

and human resources (Baird, Joubert and Jackson, 
2004). 
The buildings were all electric, with around ten percent of 
the new buildings air-conditioned (computer rooms 
mainly). Several passive design features had been 
incorporated – most notably high thermal mass, 
appropriate external solar shading, natural ventilation via 
the covered street, and automated, computer controlled, 
opening windows.  

The set-up in this building was such that staff worked in 
open-plan offices, and students worked in an open 
environment. Hence it was relatively easy to ‘catch’ large 
numbers of them without having to ‘invade’ staff single 
cell offices or student lecture theatres. In addition, the 
surveyor made her presence and purpose known at 
morning and afternoon breaks in the staff common room. 
As can be seen, the occupants generally rate many 

aspects of the building around the mid-point of the 7-
point scale. The highest staff score was for Lighting 
Overall; the lowest for Average Control, though only one-
third or so of respondents rated that as important. Overall 
though, this building rated 30% or 3 out of 7 and had a 
low perceived productivity value.  
 
2.6. Building I 

Completed in June 2001, this 992m
2
 energy award-

winning building marks the main entrance to a university 
campus in Auckland. The building is single-storeyed, 
naturally ventilated, roughly U-shaped in plan, enclosing 
a courtyard oriented to the north-west. It is configured to 
house five administrative functions, all linked by a 
circulation corridor/hallway which is taken up higher than 
the surrounding accommodation for ventilating and 

daylighting purposes. Natural ventilation is enabled 
through a range of perimeter window openings, transfer 
grilles, and automatic windows (Baird and Jackson, 
2004b). 
A number of mechanical and architectural systems of 
environmental control have been used in this mixed-
mode building. The active systems comprise a zoned 
underfloor hot water heating system powered by a 76 kW 
gas fired condensing boiler, a split system air 

conditioning unit for the boardroom, and a set of rooftop 
extract fans along the length of the corridor. Several 
passive elements contribute to the control of heat losses 
and gains via the building envelope – in particular, the 

100mm thickness insulation and double glazing, a 
ventilated fly-roof, thermal mass internally, and fixed 
external louvres or motorised retractable awnings on the 
sunny facades.  
The Probe survey carried out in August 2003 had a 
response rate of 78%. Overall, this building was rated as 
“very good” on the 7-point scale (where 1 is “very poor” 
and 7 is “very good”), with a maximum 100%. While 

‘outscored’ by Bldg F on almost every count, it 
nevertheless rated very well, achieving high comfort and 
satisfaction indices and a Summary Index (the average 
of the comfort and satisfaction indices) of +1.18, placing 
it at the 83

rd
 percentile of the 2003 BUS dataset.  

Of particular note are the ratings for air quality which 
were scored high, exceeding the benchmark significantly 
in the summer. Summer and winter temperatures were 

also perceived as being comfortable. The survey noted 
one of the potential dangers of automated systems - 
most occupants surveyed commented that they wanted 
control over the automatic opening windows and blinds 
and felt that they operated at times not corresponding to 
the weather. 
 
2.7. Building J 

This Nelson library building was converted from a car 
dealership in 1990. The rectangular-plan single-storey 
building has a floor area of around 1800m

2
 and is 

punctuated by a small central courtyard to let in natural 
light and fresh air.  
Designed along passive solar and natural ventilation 
principles, the building incorporates external shading 
which also acts as light-shelving, motorised clerestory 
windows in combination with manually operated low level 

windows, ceiling fans, generous insulation, and electric 
thermostatically controlled ceiling panels.  
The Probe study was carried out in 2001 (E-W N, 2002). 
Despite its overall rating of 85%, staff members were 
dissatisfied with their cramped working conditions and 
lack of storage space, these matters no doubt 
contributing to the less than favourable perceptions of 
productivity. Staff perceptions of summer and winter 

temperatures were better than the BUS benchmark, as 
was lighting overall, though the natural lighting was 
considered to be inadequate. 
 

3. REVIEW OF EXPERIENCE IN USE 
 
The designers of the questionnaire claim that: 

It is/gives: easy to understand for most building users; 

quick to fill in; rapid to administer (in and out of the 
building the same day); not a threat to anybody 
(questions can be vetoed); a wide selection of coverage 

(65 variables) – we find this is enough to cover the 
majority of topics but not unmanageable; sufficient 
information for different viewpoints (e.g. architecture, 

building services, facilities management); appropriate for 
benchmarking; a balance between qualitative and 
quantitative data; reasonably easy to analyse, given the 

potential complexity of buildings; easy to translate; usable 
by others without supervision; open-ended format, so 
changes can be incorporated; cost effective, especially 

using the standard version; underpinned by a database, 
so data can be further interrogated if required. (BUS, 
2004b). 

How well have these claims stacked up in our experience 
of using the questionnaire and its related data entry and 
analysis systems for these ten buildings? 
Overall, the process lived up to the vast majority of these 
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claims. Virtually the only aspect that was at variance with 
the list of claims was the ‘…in and out of the building the 
same day’. Not that the process was not rapid to 
administer – in the above surveys it frequently happened 

that staff were not always available on a particular day, 
so that it was useful to make repeat visits in order to get 
as full as possible a response rate. A further possible 
contributing factor differentiating our approach from that 
of ‘standard’ surveys was that none of ours had been 
commissioned directly by the management of the 
organization. Rather, they were being undertaken at the 
request of the researchers (albeit with management 

support) and therefore necessitated a relatively 
diplomatic approach to the whole process – and 
diplomacy takes time. 
At this stage (now that we have a sufficiently large set of 
New Zealand buildings to analyse) we are just about to 
explore the final claim in more depth (the basic analysis 
has been more than sufficient for our present purposes) 
but have reasonable confidence that further interrogation 

will yield useful results. 
Several other practical issues have been already been 
commented upon in the outline of the processes involved 
with each building, from which it will be evident that their 
application is not mechanical. Both the procedures and 
the questionnaire may need to be adapted for each new 
set of circumstances, whether for security concerns, the 
‘culture’ of the organisation, or whatever. This was 

readily accomplished in all ten case studies. 
There were some concerns in these cases where the 
surveyor was not directly in control or, as in the case of 
Building E, not even present during the distribution and 
collection of the questionnaires. Would unscrupulous 
building management cull any particular critical 
responses, fill in the forms themselves, or otherwise 
modify or censor the responses? While we have no 
reason to suspect any such instances in the above 

studies, the cautious researcher should always keep 
such a possibility in mind and attempt to retain as much 
control of the process as is possible. However, one must 
be prepared to understand, fit in with, and exploit existing 
organisational processes to which the building users are 
accustomed. 
Arguably the more significant disadvantage of not being 
present in the building and personally distributing the 

questionnaires, is the potentially adverse effect on the 
response rate. It is almost inevitable that the surveyor, 
focussed specifically on achieving a reliable research 
outcome will be more highly motivated to achieving a 
good response rate than a building administrator fitting it 
in to an already busy schedule. Our experience has been 
that people generally react well to contact with the 
surveyor who can explain its purpose.  

In terms of the vetoing of questions, the only one that 
consistently arose was that of the respondent’s name. 
This was brought up by our own ethics committee and 
occasionally by the organization being surveyed, but was 
usually mollified by a covering note indicating it was 
optional.  
One incidental benefit of the New Zealand researchers 
and BUS Ltd being based in completely opposite time 

zones was the fact that the analysis of files submitted 
late on one day, awaited one’s arrival the next morning – 
a gratifyingly rapid turnaround time. Interpretation of the 
analysis could then proceed without delay.  
While these administrative matters are important, 
arguably the more important issue is the efficacy of the 
questionnaire in eliciting useful responses that can be 
analysed to produce meaningful and reliable results. 
Table 1 shows the results for the main study variables 

across the ten buildings. Its purpose is not to compare 
the buildings per se, nor to present an analysis of the 
results from each. Rather, the intent is to demonstrate 
whether the Probe-style questionnaire survey was 

capable of scaling different levels of building 
performance, both overall and over a range of individual 
factors – are people really our best assessors of building 
performance and does this particular questionnaire 
provide them with an effective measuring instrument?  
Generally speaking, and bearing in mind that the 
buildings were selected as potentially good examples of 
their type, the ‘Overall’ assessments exhibit a reasonable 

spread of values - around 2 points on the 7-point scale 
for any given parameter, and from a low of 2.07 for 
‘control’ (Bldg B) to a high of 5.86 for ‘comfort’ (Bldg F). 
In terms of the overall performance ratings, even the 
small sub-sample of six buildings for which this could be 
assessed indicates a good spread of values, ranging 
from 30 to 100 on the percentage scale and from 3 to 7 
on the 7-point scale. Similarly, ‘productivity’ ranges from 

around +10% to -6.5%.  
While there was some correlation between these overall 
performance ratings and a large number of the 
parameters (it would have been surprising if they were 
not!) respondents appeared to have no trouble in 
identifying, distinguishing, and making assessments over 
the entire range of individual issues, while remaining 
cognisant of the overall picture. In the case of Bldg I for 

example, despite its 100% overall rating, ‘cleaning’ 
scores the lowest of all the buildings at 2.52 on a 7-point 
scale.  
While not precisely aligned to the overall performance 
ratings, the composite indices based on a +3 to -3 scale 
(Comfort, Satisfaction, and Summary) portrayed a similar 
picture. As evidenced by the large differences between 
the composite Comfort and Satisfaction Indices in some 
cases, users seemed well able to distinguish their 

responses to different parameters. 
Not shown on the table, but evident from the 
questionnaire itself and the more detailed responses, 
was the fact that the scores identified as ‘overall’ in the 
table (Temperature, Air Quality, Noise, Lighting, and 
Comfort) are each an amalgam of several other more 
specific scores. There can be marked differences 
between the individual components, but these are 

normally self-evident from a close study of the results for 
any particular aspect. In addition, the succinct comments 
from respondents (the spaces available on the 
questionnaire form are quite compact) are also recorded 
under the corresponding headings and provide a further 
rich source of information for the researchers. 
The possibility that the BUS Benchmarks might fluctuate 
significantly over the period of these surveys and make 

comparisons difficult was viewed with a little 
apprehension, but proved not to be the case. While there 
was some movement in their values, both up and down, 
this was miniscule by comparison with the range of 
scores obtained for the factors surveyed. 
While this paper has focussed on the results from the 
two-page questionnaire administered to full-time staff 
members, it should be noted that Bldgs F, G, H, and J 

had large ‘transitory’ populations of students and book 
borrowers - for these, a simpler one-page questionnaire 
was employed. This covered the same basic parameters 
as the fuller two-page staff form, but could be filled in 
readily in less than five minutes, as opposed to the ten 
minutes or so required for the staff version - interestingly 
it was found generally that student productivity 
perceptions tended to be much higher than those of staff. 
Finally, would we recommend the questionnaire to others  
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Table 1: Summary of results for main study variables 
BUILDING 

Unless otherwise stated, a higher value 
on the 7-point scale is better 

A B C D E F G H I J 

Users Surveyed 109 44 18 43 106 57 68 86 25 46 

Days in building 5.0 4.9 5.0 4.4 4.9 5.0 5.1 4.70 4.8 4.9 

Typical Visit (Hours) 8.5 7.7 7.5 7.4 9.4 7.70 8.7 7.60 7.6 5.9 

Hrs at VDU 5.0 4.6 4.2 3.4 6.2 4.80 4.3 5.30 5.8 4.1 

Building Design 4.29 4.39 3.67 4.02 4.15 5.61 5.25 3.83 5.46 5.22 

Needs 4.28 4.57 3.72 3.88 4.63 5.80 5.04 4.01 5.26 5.39 

Space in the Building     5.00 5.26 4.79 4.42 5.00 5.61 

Image     4.06 6.26 5.96 4.25 6.00 5.96 

Cleaning     4.42 5.68 4.07 4.00 2.52 3.83 

Furniture     5.07 5.64 4.97 4.31 5.96 5.38 

Temperature Overall
1
 3.8 4.03 3.63 3.97 4.48 5.20 4.24 3.96 4.65 4.25 

Air Quality Overall
1 

3.76 4.12 3.51 3.66 4.41 5.15 4.07 3.96 4.12 4.00 

Noise Overall 3.81 3.57 3.23 3.75 4.38 5.39 4.11 3.64 4.92 4.57 

Lighting Overall 3.93 4.00 3.62 3.74 5.18 5.71 4.18 4.87 4.88 5.27 

Comfort Overall 3.90 3.55 3.89 4.05 4.54 5.86 4.49 3.76 5.20 4.83 

Health 2.60 2.45 2.50 2.81 3.47 4.52 3.54 3.33 4.18 3.65 

Control
2
 2.24 2.07 2.78 4.08 3.63 4.21 2.98 2.35 3.22 3.72 

Productivity % +4.31 -2.73 +3.80 +5.90 +1.06 +9.80 -4.39 -6.54 +3.64 -1.00 

Forgiveness Factor
3
 0.97 1.14 0.89 0.91 1.00 1.11 1.08 0.93 1.14 1.10 

Comfort Index
4 

    +0.78 +2.43 +0.19 -0.10 +1.12 +0.75 

Satisfaction Index
4
     +0.14 +2.36 +0.40 -0.58 +1.23 +3.58 

Summary Index
4
     +0.46 +2.39 +0.30 -0.34 +1.18 +2.16 

1-7 Point Rating     6 7 6 3 7 6/7 

% Rating     75 100 75 30 100 85 

NOTES: In the case of Buildings A, B, C, and D, a limited set of variables was surveyed. Note too that in the original paper (Rogers and Baird, 1999) 
the questionnaire scales were the reverse of those used here (the scales having been modified subsequently by BUS) and have been adjusted 
appropriately for the above table. 
1
 Average of summer and winter scores 

2
 Average of all control scores 

3
 <1 or >1 scale 

4
 -3 to +3 scale 

 
interested in assessing the responses of building 
occupants, and would we use it again ourselves? The 
simple answer is most certainly we would, and we 
already are, with surveys currently being undertaken at a 
university building in the South Island and a library in the 

North Island, and several others proposed. 
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ABSTRACT: Strategies for analysing and interpreting architecture and the city based on its association 

with an abstract conception of language have been an important component of recent debate in 
architecture, town planning and urban geography. The origins of this kind of approach to the built 
environment can be found in the work of early linguists such as Ferdinand de Saussure and Charles 
Sanders Peirce who pioneered the study of semiology and semiotics respectively. Within these two 
distinct but related strategies is embodied a political relationship that links the sign, its meaning and its 
interpretation. Charles Jencks, in the 1960s introduced this triad to architecture, promoting a new mode 
of observing, interpreting and then making architecture. This strategy, based on a model of scientific 
observation and logic, has profound political implications for architecture in the way that it inscribes a 

political value to interpretation. It is this aspect of structuralist readings of space that has become 
contentious to a number of post-modern thinkers on architecture, and necessitated a new post-modern 
semiotics that challenges the foundations of linguistics.   
This paper will look at the political themes implicit in the work of Saussure, Peirce and Jencks. In 
particular it will look at the way that these observational systems allow political resistance through the 
opportunities for “misreading the city”. This has been a recent trend in semiotic analyses of the city, 
pioneered by French thinkers such as Henri Lefebvre and Michel de Certeau. These writers have 
criticised semiotic theory for its totalising political systems proposing new models of political agency 

that destabilise the inherent power structures embodied within the language of the city. 
 
Conference theme: Social and political issues in architecture 
Keywords: architecture, semiotics, politics 
 
 

INTRODUCTION 
 
Scientific strategies for objectively analysing and 
interpreting the city through its built form have been an 

important component of recent debate in architecture, 
town planning and urban geography. Models for 
“syntactic” readings of built form, such as those proposed 
by Lynch (1960), Hillier (1996) and Hanson (1984) in the 
1970s and 1980s weave cognition and spatial syntax into 
a linguistic system of codification that surmounts the 
more historical “semantic” readings of space. What these 
systems have in common is a faith in a universal 
“grammar” of space which metaphorically posits 

architecture and urban form as a language encoded with 
meaning thus allowing the individual to “read” the city. 
Such semiotic systems, whether “syntactic” or “semantic” 
have profound political implications for the individual and 
their relationship to urban space. 
One of the first advocates for a more “legible” urban 
environment was the American urban theorist Kevin 
Lynch whose widely influential book The Image of the 

City (1960) predated by several years the formal 
introduction of semiotic theory to architectural discourse 
(generally marked by George Baird’s “La Dimension 
Amoureuse in Architecture” from 1967). Lynch 
proselytised a slightly melodramatic attitude towards the 
urban experience of disorientation that, whilst generally 
rare, was associated with anxiety, dread and even raw 
terror. For Lynch (1960, 3) the “very word ‘lost’ in our 

language means much more than simple geographical 
uncertainty; it carries overtones of utter disaster.” Given 
this, it is perhaps not surprising that Lynch urged an 

attitude towards urbanism that would provide a greater 
sense of orientation for the individual within the built 
environment, to be achieved through the creation of 

stereotypical orientation devices or what he called 
nodes. This was based on the way that Lynch perceived 
people navigated in the city, by recognising familiar 
elements, regardless of their geographic location—“an 
American can always spot the corner drugstore, however 
indistinguishable it might be to a Bushman.” Lynch 
referred to this as the “imageability” of the city, which he 
famously concluded “can conveniently be classified into 

five types of elements: paths, edges, districts, nodes, 
and landmarks.” These five elements are codifying 
devices that respond, in a semiotic sense, to the way 
that an individual reads the city. Despite his widespread 
influence in urban planning, even today, Lynch’s 
systematic approach has been widely criticised for 
necessitating an oversimplification of urban experience 
and tending towards a “tourist-oriented” built 

environment at the expense of the more regular users of 
the city. By reducing urban experience to a purely visual 
relationship, Lynch also neglects the role of symbolism 
and “connotation” in providing deeper social and cultural 
readings of the city. For this reason, Lynch’s work, as 
Gottdeiner and Lagopoulos (1986) suggest, is more 
satisfactory as a branch of cognitive geography, than as 
semiotics as such. 

Despite the undeniable importance of Lynch’s treatise 
and its influence on architecture and urban design, it 
promotes an attitude of orientation and organization that 
tends to marginalise the opportunities for individual 
emancipation within the city. Several recent French 
writers have challenged these kind of semiotic models of 
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reading the city. The French author Michel de Certeau 
has written of the importance of discursive practices for 
disrupting latent power structures and working against 
the embedded orthodoxies of urban life. In a similar vein 

the Marxist-inspired Henri Lefebvre (1974) calls for a 
“textural” rather than “textual” reading of the city, seeing 
semiotics as a threat to the spontaneous forces of the 
urban environment. This requires a new way of viewing 
the power relationships within the city. The French 
sociologist Jean Baudrillard, for instance, has argued for 
a new model of political resistance that, rather than 
associating itself with the mob overcoming the Bastille, is 

based more on the masses innate tendency to consume. 
This creates a vacuous spatial paradigm where signs, 
rather than denoting power as in the Bastille, have 
become effectively devoid of meaning, saturated by a 
profusion of signs and the infinite dissemination of 
information. He cites the Pompidou Centre in Paris by 
Richard Rogers and Renzo Piano as the most visible of 
a number of possible examples.  

Paul De Man, one of the most impenetrable writers of the 
century, makes the distinction between “literal” meaning 
and “figural” meaning, concluding that much language 
can rely only on “figural” meaning which is inherently 
imprecise. De Man’s style uses multiple viewpoints to 
consider fragments of text, destabilising intrinsic 
meanings and blurring the relationship between signifier 
and signified. De Man’s writing makes use of “tropes”, a 

discursive, or non-direct way of conveying meaning 
which disrupts the sometimes simplistic semiotic triad. 
The existence of tropes has direct influence on 
architectural theory as it highlights the inherent instability 
in semiotic readings of the city and allows a means of 
architectural opposition to the forces of language. 
These writers have criticised semiotic theory for its 
totalising political systems proposing new models of 
political agency, which destabilise the inherent power 

structures embodied within the language of the city. The 
city, like language, presents itself as an infinite and 
irrefutable system. The immutability of the “sign” which 
Saussure himself was at pains to point out, failed to 
account for the vagaries of history (semiotic usage 
remained predominantly unchanged despite the drastic 
social changes that occurred in say, the last five hundred 
years) or place (in the twentieth century regional 

differences have become far more dramatic than 
linguistic ones as a result of the predominance of the 
English language as a universal means of 
communication). What many post-structuralist writers 
have suggested is that this language is highly 
conditioned by those who are reading it. This act of 
reading or misreading in many ways surpasses the 
physical or aesthetic content of the city. More important 

is the way that this content is revealed to the observer. 
Hannah Arendt’s (1968) important work Men in Dark 
Times describes Lessing’s fascination with the observer 
as the seat of political agency within an aesthetic 
environment. Lessing argued that artwork could only be 
assessed by its relationship on the viewer (the artwork 
itself is irrelevant). The observation of the results of an 
aesthetic transaction rather than the object itself is 

consistent with Arendt’s own strategy for interpreting 
social environments. Both thinkers privilege the role of 
the observer and the political agency that they embody. 
Arendt’s work provides new modes of viewing semiotic 
appraisals of the city, and in particular prompts a 
revisiting of the important and often underrated work of 
the scientific philosopher Charles Sanders Peirce. 
This paper will present a general overview of three key 
models for reading space and look at the political 

structures inscribed within them. Firstly it will look at the 
work of Ferdinand de Saussure, the Swiss-French 
linguist who pioneered the study of “semiology” in his 
posthumously published book Course in General 

Linguistics (1916). De Saussure provides a model of 
understanding how meaning is disseminated through 
signs. Saussure’s linguistics is based on the duality that 
exists between a sign and the concept it represents. 
There is little room within Saussure’s work for 
interpretation. Secondly it will look at the work of 
Saussure’s American contemporary Charles Sanders 
Peirce who explored “semiotics” in turn providing a 

triangular rather than linear model of understanding 
signs. As well as the concept and its sign, Peirce 
introduced the “interpretant” into the equation, 
suggesting that meaning is mediated by the viewer, or 
person interpreting the information. Within this structure 
is the capacity for the kind of liberating practices 
described by Lefebvre and de Certeau. The final model 
to be examined will be that proposed by the architectural 

theorist Charles Jencks in 1969, which mediates 
between the objective model of Saussure and the 
subjective model of Peirce. As well as specifically 
introducing architecture into the theory of semiotics, 
Jencks’s diagram is an enduring image of architectural 
thinking and, like Peirce’s work provides opportunities for 
individual emancipation and interaction within the 
discourse of linguistics. 

 

Ferdinand de Saussure and the principles of 
semiology 
Ferdinand de Saussure (1857-1913) was a Swiss linguist 

who was highly concerned with the way that signs 
operated. Saussure’s Course in General Linguistics 
(1959), originally published in 1916, is widely considered 
as the foundation of modern linguistics and certainly the 
seminal work in the field of semiology. Saussure used 
the term “semiology” to cover the study of signs and 
signification, developing the sign as the primary model 
for which to interpret language. Fundamental to 

Saussure’s linguistics was a duality that comprised all 
signs and that was characteristic to all signification: the 
existence of a signifier (the sign) and the signified (its 
relative meaning). Whilst Saussure’s analysis of 
semiology is concerned primarily with philology and the 
historical comparison of languages it does make a few 
important points that have been influential in Twentieth 
Century architectural theory. Language, for Saussure, is 

a system of categorisation, reliant not on the actual 
terms chosen, but on the differences that exist between 
them. He maintained that the “sign” was very different to 
merely a “name” bearing a psychological connection to 
the concept that was central to the earliest foundations of 
language. The “sign”, according to Saussure can be 
broken down into two primary components—the signified 
(concept) and the signifier (sound-image). These two 

components were a fundamental characteristic of any 
linguistic sign. 

 
Source: Saussure 1959:65 

Figure 1: Ferdinand de Saussure, The Nature of the 
Linguistic Sign (1916) 
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Saussure illustrates this phenomenon in a diagrammatic 
sense by showing the distinction that exists between a 
visual object from its written identifier, in this case the 
Latin words for tree (arbor) and horse (equos): Figure 1. 

Saussure maintained that both the visual image and the 
word were psychological imprints that became 
connected in language. For Saussure the nature of 
signification was much deeper than just a naming 
process that observed events in nature. It was a deeper 
intellectual connection that was embedded in the 
structure of language. Saussure (1959, 66) writes, “the 
linguistic sign unites, not a thing and a name, but a 

concept and a sound-image.” Saussure illustrates this 
principle diagrammatically as 

 
Source: Saussure 1959:67 

Figure 2: Ferdinand de Saussure, Concept/Sound-
Pattern (1916) 

 
Saussure was aware that the “concept” existed before 
the evolution of its sound-image and that it could take a 
number of forms. It was also not confined to sounds, as 
the name suggested but also words, images, texts and 
thoughts. The inflexibility of this diagram was 
demonstrated in the following diagram which shows the 
way that a “sound-image” can have both visual and 

textual meaning.    

 
Source: Saussure 1959:67 

Figure 3: Ferdinand de Saussure, Concept/Sound-
Pattern (1916) 

 

For Saussure the terminology of “concept” and “sound-
image” was too clumsy, as it didn’t allow for the diverse 
array of interpretations that were suggested by the 
concept. A deeper dissection of the linguistic sign was 
required which necessitated a new terminology. It was 
for this reason that he proposed his new terminology, 
which remains his most important legacy in the 

discipline. Saussure (1959, 66) writes 
I propose to retain the word sign (signe) to designate the 
whole and to replace concept and sound-image 
respectively by signified (signifié) and signifier (signifiant); 

the last two terms have the advantage of indicating, the 
opposition that separates them from each other and from 
the whole of which they are parts. As regards sign, if I am 

satisfied with it, this is simply because I do not know of 
any word to replace it, the ordinary language suggesting 
no other. 

Saussure’s theory of signs, as it evolves from this 
principle, contained a number of important aspects that 
have been central to its appropriation into architecture. 
The first, and one of the central components of his 
understanding of signs, is that the relationship between 
the signified (concept) and its signifier (sound-image) is 
entirely arbitrary. With the rare exception of 
onomatopoeia, there is no inherent relationship between 

a concept and its word-image. There is nothing 
particularly “ox-like” about the English word to describe 
an ox. It is chosen arbitrarily as a convenient “signifier” 
for that animal, so that, when agreed upon by a society, 

it comes to represent that animal. (This accounts for the 
development of different languages, which generally 
adopt their own signifiers for the concept of “ox”.) Most 
importantly, it is the difference between “signifiers” (or 

words), rather than their relationship to the “signified” 
that, allows communication to function. An “ox” is not a 
“cow” or a “horse” as much as it is an “ox”. It is only 
because signs are different that they become 
meaningful. For Saussure this central underlying 
principle is fundamental to how languages operate and 
was central to the emergence of structuralism.   
Another important characteristic of de Saussure’s theory 

of signs is that once a signifier becomes associated with 
a signified it cannot be varied. This is what Saussure 
refers to as “the immutability of the linguistic sign”. 
Saussure refers to the “linguistic community” (those who 
speak the language) who require consistency in the use 
of signs within a language for the language to continue to 
operate. Whilst the relationship between signifier and 
signified is arbitrary, once established, it is fixed. 

Architectural writers on semiotics refer to this agreement 
in a language as a “social contract” that exists among 
members speaking the language (see for example 
Broadbent (1969)). This has been one of the most 
problematic aspects of the introduction of semiology into 
architecture as it is difficult (if not impossible) to 
determine a “social contract” which exists within the built 
environment. 

Saussure’s theory of signs has enormous implications for 
architectural theory and interpretation, particularly by 
establishing an “immutable” system of signs. Saussure’s 
theory is essentially based on dualities and pairings and 
implies a very direct relationship between a sign and its 
interpretation. Once a linguistic sign is attached to a 
concept it is irrefutable in Saussure’s theory and immune 
from changes over time, place and perspective. For this 
reason it has particular political consequences, enforcing 

a predominant system of linguistic reading and mitigating 
against marginal ones. Signs become inflexible and 
highly regimented elements of a profoundly objective 
system. The capacity for subjective interpretation or 
embellishment is refuted. 
One of the concessions that Saussure does make to 
individual subjectivity is in his conception of langue and 
parole. Langue and parole are related to the broad social 

agreement that allows language to operate. Langue 
refers to the natural or vernacular nature of language (as 
it exists within a population). Parole refers to the peculiar 
idiosyncrasies that an individual speaker brings to a 
language. These two aspects of speech have been 
enormously influential in the intellectual tradition known 
as structuralism, and have been deployed by key French 
thinkers such as Roland Barthes (1990) and Claude Levi 

Strauss and were introduced into architectural discourse 
by George Baird (1967) in his seminal essay “’La 
Dimension Amoureuse’ in Architecture”. They are also 
related to the existence of “denotative” (objective or 
universal) and “connotative” (subjective or individual) 
meanings. This was one of the key themes in the 
semiotic debate on architecture that took place in the 60s 
and 70s and will be discussed further in the section on 

Jencks’s semiological triangle. Langue exerts a powerful 
influence over language. For Saussure, we inherit 
language, rather than actively create it, and the capacity 
for individual invention (parole) is limited. Once a signifier 
is associated with a specific concept, it becomes fixed. It 
can never be altered or replaced. For Saussure (1959, 
68) “[n]o individual, even if he willed it, could modify in 
any way at all the choice that has been made; and what 
is more, the community itself cannot control so much as 
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a single word; it is bound to the existing language.” The 
sense of inevitability that accompanies Saussure’s 
analysis of language, even given his observation of 
parole, jeopardises the individual’s capacity for 

interpretation, individual embellishment and, as a result, 
political emancipation. His is a complete system of 
language. The opportunities of interpretation or 
exchange within that system are limited. 

  

Charles Peirce and the principles of semiotics 
Charles Sanders Peirce (1839-1914) was an American 
philosopher who was a near contemporary of Saussure. 
Peirce is renowned for his formulation of a pragmatic 
approach to philosophy that valued highly the pre-
eminence of science and logic. Peirce used scientific 
observation and reason to undermine metaphysical or 
artistic modes of thought. He wrote widely on logic, 

mathematics and physics but failed to publish a single 
book in his lifetime. His eight volume collected works 
were not published until more than forty years after his 
death (Peirce (1955)).   
At the same time as Saussure was pioneering the study 
of “semiology” in Europe, Peirce was elaborating his 
theory of “semiotics”, also defined as the study of signs 
and signification. Whilst semiology and semiotics are 

today mutually interchangeable concepts, they still can 
be traced to their earlier exponents: Saussure 
enthusiasts typically preferring semiology, while their 
American counterparts often opt for semiotics. As well as 
the obvious difference in terminology, the important 
differentiation between the two theories is that the sign 
has an added dimension in Peirce’s semiotics: the 
duality of Saussure has become a triad. In Peirce’s 

semiotics the sign has become the representamen that 
represents an idea to an interpretant. There is no longer 
a direct relationship between the concept and sound-
image. It is now conditioned by the third component—the 
individual processing the information. This relationship 
can be described by the following diagram: 
 

 
Source: Authors 2004 

Figure 4: Charles Sanders Peirce, The Semiotic Triad 
(1914) 

 
The “idea” is roughly equivalent to the “signified” in 
Saussure’s theory, while the “representamen” 
approximates the “signifier”. What is new is the 

“interpretant”, which is not taken into account in 
Saussure’s system. The “interpretant” introduces 
perspective to the logic of signs and implies an act of 
individual interpretation. As a result the representamen in 
Peirce’s theory does not carry universal meaning, but is 
related to the individual who interprets this. This 
dramatically undermines what Saussure considered the 
“immutability” of the linguistic sign and allows for a vast 
and infinite network of meanings and interpretations. 

A large part of Peirce’s work is devoted to defining and 
cataloguing the various kinds of signs that exist within 
our culture. Peirce’s exhaustive taxonomy covers a 
seemingly endless array of signs from weathercocks (the 
“dicent sinsign”) to diagrams (the “iconic sinsign”) and 

even specific emotions (the “qualisign”). Peirce’s work 
looks at signs as an intellectual transaction and is more 
concerned with the way that ideas and objects are 
exchanged than with a universal system of signification. 

His semiotics is the result of intense scientific 
observation and logic and is an infinite and ever-
expanding apparatus that remains, even today, largely 
unexplored.  
What can be detected in Peirce’s semiotics as opposed 
to Saussurean semiology is a new kind of subjectivity 
and the emergence of an observer, or individual (the 
interpretant). This introduces a new political structure 

that is enabling rather than static. The interpretant has 
the capacity to undermine the inherent political structures 
of language and potentially introduce a new mode of 
political opposition. In Saussure’s work, subjectivity is 
reduced to the communicator (through parole) and never 
the listener. The listener or receiver is always imprisoned 
by the existing language and its inherited structures and, 
most profoundly the duality of the signifier and signified. 

Peirce’s work undermines the strict duality of Saussure 
and introduces a model of resistance to the overwriting 
structures of language. The interpretant, as well as 
structuring Peirce’s own scientific discourse on signs, 
has particular relevance in the emergence of what might 
be termed a “post-modern semiotics”, valuing 
interpretation over structure and diversity over simplicity. 
As a result a re-examination of Peirce’s work may 

provide the link to post-structuralism that Saussure’s 
work provided for the structuralist tradition and its leading 
proponents Levi Strauss and Barthes. It was the innate 
capacity within language to exert a universal and fixed 
domination over society through communication that was 
particularly influential in the post-structuralist movement, 
which saw the structuralist fascination with language as 
totalising and constraining. The concerns of Peirce, 
which potentially politicised language by preferencing the 

subject over the object and perspective over impartiality, 
can be seen as implicit in the later work of de Certeau, 
Lefebvre and Foucault.   
 

Charles Jencks and the semiotic triangle 
Whilst often confused, there is a profound difference at 
work in the origins of semiology and semiotics which has 
peculiar implications for its application to architecture. 
Both Saussure’s and Peirce’s respective theories were 
relatively obscure during their lifetime, in each case 

published posthumously after the author’s death. The 
real resurgence in semiotic theory occurred after the 
Second World War as a result of the intellectual stream 
that became known as structuralism. Structuralism 
exerted an enormous influence over the French 
intellectual landscape for several decades, effectively 
replacing existentialism as the predominant philosophical 
paradigm. Structuralism, and in particular Roland 

Barthes, prompted a return to the theories of Saussure 
(translated into English in the 1950s) and, to a lesser 
extent Peirce, popularising their message and 
incorporating it into the canon of French intellectual 
tradition. Whilst typically preoccupied with linguistics and 
semiotics, structuralism also embodies a diverse range 
of social theories that attempt to establish systems or 
modes of structural interpretation outside of semiotics. 

One of the central principles of structuralism is the 
attempt to learn from the inbuilt structures of society 
(language, class, gender), rather than transform or 
recreate them. This necessitates a broader and more 
inclusive view of philosophical knowledge, and was 
developed in the disciplines of anthropology (Claude 
Levi-Strauss), social theory (Foucault, Althuser) and 
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psychology (Lacan) as well as philosophy (Barthes). 
Two figures in particular were responsible for the formal 
introduction of “structuralism” into architecture: George 
Baird, by drawing the theoretical connection between the 

work of Saussure and architecture, and Charles Jencks 
who was actively involved in the dissemination and 
popularisation of this appropriation. George Baird’s 1967 
essay “’La Dimension Amoureuse’ in Architecture” was 
the first work to formally introduce the theory of semiotics 
into architecture, extending the metaphorical association 
with language to the built environment. Baird created a 
new way of reading and interpreting architecture that 

was immediately influential. Two years later the volume 
edited by Jencks and Baird (1969) titled Meaning in 
Architecture was one of the first forums for discussion of 
the role of semiotics in architecture and its highly 
interactive format (allowing writers to comment on other 
authors work in the margins) provoked and even fuelled 
intellectual debate for the next decade. Baird provides a 
very close reading of Saussure’s work and one that is 

problematic for some of the authors in the book 
(especially the primary antagonist against structuralism 
Geoffrey Broadbent). However it is Jencks’s essay 
“Semiology and Architecture” that provides the most 
enduring model of semiotic analysis in architecture—the 
semiotic triangle (Figure 5). Jencks, unlike Baird, is less 
devoted to Saussure’s work and his model of semiotics, 
whether consciously or not, incorporates aspects of both 

Peirce and Saussure’s theories. Interestingly he refers to 
“semiology” in the title, but his diagram for analysis is 
much closer to Peirce’s triad than Saussure’s duality.  
 

 
Source: Jencks and Baird 1969:15 

Figure 5: Charles Jencks, The Semiologic Triangle 
(1969) 

 
The points of Jencks’s triangle are “symbol”, “thought” 
and “referent”. Jencks’s semiotic triangle can be seen as 
a combination of both Peirce and Saussure. Specifically 

it can be seen as the evolution of the two dualities that 
are embodied in Saussure’s diagrammatic explanation of 
the sound-image (Figure 3). The referent is a term 
originally coined by Saussure to refer to the “real” or non-
linguistic aspect of a sign—the “mental-image” which it 
conjures. Despite its dependence on Saussurean 
terminology, Jencks’s triangle considerably diversifies 
Saussure’s semiology. What it introduces is the practice 

of interpretation itself (the act of thinking about 
something). This is different to the “interpretant” of 
Peirce. It is not an individual but the act that Jencks is 
concerned with. This allows for the description (or 
interpretation) of architecture as well as its creation and 
inhabitation. 
The introduction of the referent to the analysis of 
semiotics allows for a creative and engaging model of 

making architecture—involving the architect in the act of 
communication in the same way that Peirce’s model 
involves the observer. Baird, in the margin to Jencks’s 
essay (1969, 16) describes the triangle as “a brilliant 
construction, in the way that it accommodates and 

explains so many historical positions so clearly”. What it 
does do is conflate the two diagrams of both Peirce and 
Saussure in a much more accessible and less 
“immutable” context. It also mediates between abstract 

thought and an experiential mode of thought: between 
the abstract and the real. The three elements of the 
triangle are equivalent but open to manipulation. Jencks 
(1969, 16) writes “[e]ach semiologist points the arrows in 
the direction he believes in, but, as the diagram shows, 
the relations are always two-way, never absolute.” This 
concession by Jencks is an important one as it 
destabilises the legitimacy of semiotic readings of space 

and allows for discursive practices to occur. Two 
important examples of this are the twin concepts of 
connotation and denotation first developed by Saussure, 
which form an important component of Jencks’s 
semiotics. Denotation, like langue, can be seen as an 
objective conveyance of meaning, or the “dictionary 
definition” of a word or symbol. Connotation refers to the 
peculiar or idiosyncratic meanings that can be attached 

by the individual to a word or symbol based on their own 
personal experience. In this sense connotation is a 
fundamentally subjective interpretation of meaning while 
denotation is its objective equivalent. Connotation and 
denotation are important concepts in architectural 
semiotics. Umberto Eco (1980) discusses them at length 
in his important essay “Function and Sign: The Semiotics 
of Architecture”. For Eco both connotation and 

denotation are related to the function of an object or 
architectural element. Thus a stair denotes going up and 
a throne denotes a place to sit. Connotation is related to 
the nature of this function, so a throne connotes dignity 
and “regalness”. In this sense the connotation is more 
important than denotation as it is the primary function of 
a throne. Eco’s approach to semiotics, which is based 
largely on the way that individuals interpret signs, 
promotes a functionalism within architecture like that 

witnessed during the modern period (the antithesis of 
much semiotic theorising).  
Jencks takes issue with a large part of Eco’s thesis and 
in particular its dependence on functionalism. He 
illustrates the way that a urinal, while a symbol of pristine 
functionalism to modernist designers and artists such as 
Le Corbusier and Marcel Duchamp, was subjected to a 
wide range of unpredictable functions by different 

cultures across the world (from fireplaces to a place for 
washing clothes). Jencks (1969) writes, “one man's 
denotation is another man's connotation”. The 
indeterminate approach to semiotic theorising that 
Jencks promotes allows an open-ended approach to 
both design and interpretation. This provides an 
emancipatory role for both the architect and inhabitant of 
the building, creating the opportunity for discursive 

practices in both the design and interpretation of 
buildings. Connotation in this context takes on a political 
role, in a manner similar to the role of the interpretant in 
Peirce’s triad. This promotes a creative, and less didactic 
role for the architect in the process, and one that has 
been exploited by a number of avant-garde architects, 
including Jencks himself. 
Jencks’s architectural work, most notably his “Elemental 

House” and “Thematic House” from the early 80s, 
provides an orgy of meaning through architectural 
codification. While broadly representative of many of the 
themes of post-modernity that were to become quickly 
disseminated in commercial American architecture, 
Jencks’s houses embody an extremist attitude towards 
signification which approximates folly and, through its 
unfashionable lack of architectural sensibility, has been 
left largely ignored in analyses on the subject. The 
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“Elemental House” in California, uses the themes of 
earth, fire, water and air to construct an architectural 
vocabulary which can give order and legitimacy to 
architectural form as well as responding to broader 

cosmic orientation devices. Here the pool becomes a 
crack in the ground (symbolically split by seismic forces) 
filled with water around which a series of follies are 
organised. The follies, as well as symbolising the various 
elements, also respond to notions of time (summer, 
winter etc) and space (north, south etc). A Grecian 
theme is used to connect the various cultural references, 
inspiring statues, inscriptions and murals that are all 

given contemporary contexts. The house is dependent 
almost entirely on connotative meanings and a highly 
non-linear interpretive process. Without the detailed 
explanation that Jencks provides of the various 
meanings embedded within the layout, it would be 
virtually impossible to unravel any of the architectural 
messages being transmitted. Form and function are 
almost incidental in the Elemental House having been 

heavily laden beneath a vale of ornamental meaning. 
This is not a didactic architecture, in the sense of 
Saussure, but a more interpretive architecture, much 
more related to the model of Peirce. 
The “Thematic House” in London, Jencks’s own 
residence, takes this obsession with connotative 
meaning to new levels. Here Jencks proposes his own 
vocabulary (the “Jencksiana”—an apparent derivative of 

the Renaissance “Serliana”) which becomes the 
grammatical device which structures the ornamentation 
(Figure 6). Throughout the house this recurring model 
appears, in a variety of forms as an abstract device 
which allows the observer to decode the house as one 
might translate a foreign language. 
 

  
Source: Jencks 1985:55 

Figure 6: Charles Jencks, The Jencksiana (1985) 
 
Here Jencks, rather than relating his work to a universal 
or “immutable” system is developing his own highly 
idiosyncratic language which, through its obscurity, 
prevents a “denotative” framework for analysis. The 
Thematic House, like the Elemental House, is based on 
cosmic themes. The ground level of the house is 

organised around a central “solar stair” which, with 52 
stairs each subdivided into seven bands allowing a total 
of 365 stages, simulates one calendar year. This theme 
is continued in the rooms that collect around the stair, 
organised sequentially along the themes of summer, 
autumn, winter and spring. Again, like the Elemental 
House, the Thematic house is loaded with abstracted 
references to a range of historical or cultural phenomena 

which, unless specifically decoded, become profoundly 
obtuse. One example is the cupboards in the autumnal 
room which are adorned with three identical cruciform 
symbols with an oval hovering above each. Jencks, in 
his description, explains that this is indicative of the 
autumn ritual of women in African countries who collect 
grapes and carry the large containers on their heads. 

This kind of association would not be made by many 
visitors to the house ignorant of Jencks’s writing.  
Jencks’s architectural work, despite its obvious self-
indulgence and tendency towards the absurd, represents 

one model of privileging the interpretant over any 
universal or linear dissemination of meaning. It 
marginalizes to some extent the denotative function of 
signs by shrouding them in a highly individualistic vale 
where the subjective parole vastly overshadows the 
coherence of a discernible langue. This approach Mario 
Gandelsonas considers semantic (concerned with the 
meaning rather than the structure of language) and, as 

well as finding its form in Jencks’s bizarre housing types, 
is also intrinsic to the work of a number of post-modernist 
architects such as Michael Graves, Robert Stern and 
even Philip Johnson. Gandelsonas however also sees 
another means with which architecture can refute the 
totalising forms of language, most notably through 
“syntactic” design methodologies (which privilege 
grammar or structure over content). These models, 

familiar to the Deconstructivist movement go beyond 
questioning the relationship between the “sign” and 
“signified” to destabilising language in its entirety.   
The architect who has become most associated with 
“tropological” or discursive readings of semiotic theory is 
Peter Eisenman, whose work bluntly challenges linguistic 
theory. Eisenman’s early work borrows heavily from 
Derrida and his theory of Deconstruction, attempting to 

subvert simplistic readings of space and introduce a new 
complexity to architectural semiotics. Eisenman’s work 
challenges the relationship between sign and function 
(first postulated by Eco) by providing signs of 
architectural elements, which serve no functional or 
structural purpose. The most advanced exploration of 
this is Eisenman’s House VI where the programme of the 
house is almost incidental. The highly complex spatial 
composition which plays with architectural elements and 

their organization within a system provides a new 
architectural organization which is outside of the 
conventional model of semiotic analysis. Eisenman’s 
house is replete with non-structural columns, 
discontinuous stairs and artificial or symbolic doorways. 
These traditionally functional components also serve to 
disrupt other functional aspects of the house, such as in 
the bedroom where a column literally splits the bed, and 

another one splices through the dining room. Here, 
rather than reinforcing, in a structuralist sense, the 
relationship between signified and signifier, Eisenman 
has all but destroyed any connection, undermining the 
language of architecture in the same way that Derrida 
deconstructed the written text. Such complexity 
implicates the viewer or observer of the building, and, 
rather than communicating with them, in a literal sense, 

challenges them to unravel the complex syntax of the 
building in the search of the illusive jouissance or 
intellectual orgasm.  
Eisenman’s work provides an interpretive model of 
meaning, rather than a linear one which, possibly more 
than any other, challenges the interpretant and the 
“immutability” of language. By separating the programme 
of the building from its architectural language, Eisenman 

offers a radical model of architecture and one that has 
been enduring, most notably in the latest work from Rem 
Koolhaas’s firm OMA which uses programme as a 
means of questioning embodied power relations and 
destabilising the inherent immutability of architectural 
form. Programme, in this form, takes on a liberating, 
rather than didactic, role in the construction of 
architecture. It is this model which is most closely related 
to the work of de Certeau, Lefebvre and Foucault. 
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CONCLUSION 
 
The value of Jencks’s model from a theoretical point of 
view is not only the introduction of semiotic theory to 
architecture, but the importance it places on the act of 

interpretation. This releases semiotics from the realm of 
abstract theory and allows an open-ended and engaging 
attitude towards both the creation and interpretation of 
architecture. It also has political implications for the 
individual suggesting new opportunities for engaging with 
the city. This can be seen as an evolution beyond the 
theories of both Saussure and Peirce. The dualism of 
Saussure’s semiology, with its dependence upon the 
signified/signifier pairing, denies any mode of 

interpretation either in the creation or interpretation of 
language. The role of the individual is surrendered to the 
immutability of language. Peirce’s semiotics introduces 
the interpretant as a conditioning mechanism that links 
the sign with the signifier. This has important implications 
for semiotics and its relationship to architecture 
suggesting modes of rethinking dormant power 
structures and undermining established orthodoxies. 

Jencks’s triangle surpasses both models by focussing 
not on an all-powerful interpretant as the subjective 
element, but the act of interpretation itself, thus opening 
semiotics to both the writer (architect) and the reader 
(inhabitant). 
 

REFERENCES 
 
Arendt, H. (1968), Men in Dark Times, New York: 

Harvest. 

Baird, G. (1967), “La Dimension Amoureuse” in 
Architecture” in Jencks, C and Baird, G eds. (1969), 
Meaning in Architecture, New York: Braziller: 79-99. 

Barthes, R. (1973), Elements of Semiology, New York: 
Hill and Wang. 

Broadbent, G (1969), “Meaning into Architecture” in 
Jencks, C and Baird, G eds. (1969), Meaning in 

Architecture, New York: Braziller: 51-78. 
Eco, U. (1980), “Function and Sign: The Semiotics of 

Architecture”, in Broadbent, Bunt and Jencks eds, 
Signs, Symbols and Architecture, New York: Wiley: 56-
65. 

Gottdeiner, M and Lagopoulos, A (1986), The City and 
the Sign. New York, Columbia University Press.  

Hillier, B. (1996), Space is the Machine: A 

Configurational Theory of Architecture, Cambridge: 
Cambridge University Press. 

Hillier, B. and Hanson, J. (1984), The Social Logic of 
Space, Cambridge: Cambridge University Press. 

Jencks, C (1969), “Semiology and Architecture” in 
Jencks, C and Baird, G eds. (1969), Meaning in 
Architecture, New York: Braziller. 

Jencks, C. and Baird, G., eds. (1969), Meaning in 

Architecture, New York: Braziller. 
Jencks, C. Towards a Symbolic Architecture, London: 

Academy Editions. 
Lefebvre, H. (1974). The Production of Space. London, 

Blackwell. 
Lynch, K. (1960), The Image of the City, Cambridge: The 

MIT Press.  
Peirce, C. (1940), “Logic as Semiotic: The Theory of 

Signs”, in Buchler, J, ed. (The Philosophy of Peirce: 
Selected Writings, London: Kegan Paul: 98-118. 

Peirce, C. (1996). “A Guess at the Riddle”. In Cobley, P, 
ed., The Communication Theory Reader, London: 
Routledge: 48-62. 

Saussure, F de (1959), Course in General Linguistics, 
London: Peter Owen 

 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

391 

 
Aged care provision in Greater Bendigo: 

current provision and future requirements 
 
 

Craig Toussaint and John Rollo 
 

Deakin University, Geelong, Australia 

 
 

ABSTRACT: In the following paper, ratios which correlate aged care places with physical infrastructure 
requirements are developed for the regional Victorian Local Government Area of Greater Bendigo, by 
analysing its existing aged care facilities. These ratios are then used in conjunction with the federal 
government’s population based measures to model scenarios of future aged care infrastructure 
requirements for Greater Bendigo. Strategies for the provision of additional residential aged care 
facilities are explored using a matrix governed by size and configuration. Variations in these two 

aspects are shown to affect the location options for future facilities in Greater Bendigo.  
The research is funded by a double ARC APAI grant between the Built Environment Research Group 
at Deakin University, The Centre for Sustainable Regional Centres at La Trobe University, the City of 
Greater Bendigo and the City of Warrnambool. 
 
Conference theme: Social and political Issues in architecture 
Keywords: population ageing, aged care, infrastructure 

 

 

INTRODUCTION 
 
The Australian federal government’s Department of 
Health and Ageing use the ratio: places per 1000 
persons aged 70 and over, to measure the provision of 
aged care in an area. The places included within this 
ratio fall into different categories of care. Aged care 
categories can be differentiated by the level of care 
provided and the type of space in which care is provided. 

The two main levels of aged care are high level care and 
low level care. Each of these main levels contain four 
sub-levels of care (Australian Institute of Health and 
Welfare 2003). The two types of space in which the 
different levels of care can be provided are domestic 
space (at-home based care) and non-domestic space 
(facility based care). Facility based high and low level 
aged care is known as Residential Aged Care. High level 
at-home based aged care is referred to as Extended 

Aged Care at Home (EACH) and low level at-home 
based aged care is known as a Community Aged Care 
Package (CACP). 
The federal government uses a benchmark ratio to 
govern the overall provision of federally funded aged 
care. This benchmark was recently increased from 100 
to 108 places per 1000 persons aged 70 and over 
(Australian Federal Government 2004). Although the 

benchmark remained constant at 100 places per 1000 
persons aged 70 and over since the early 1980s, the 
actual amount and type of aged care provided during this 
time changed considerably (Gibson, D., Liu, Z. and Choi, 
C. 1993, Gibson, D. and Liu, Z. 1994). Much of this 
change came as a result of the introduction of at-home 
care. The proportion of places allocated to at-home care 
within the benchmark has been steadily increasing. As a 

consequence, the proportion of facility based places has 
been steadily decreasing. This trend is shown for the 
period between 1995 and 2002 in Figure 1. 
In regional Victoria in 2002, there were 94 aged care 
places per thousand persons aged 70 and over 
(Australian Institute of Health and Welfare 2003). Of 
these places, 78.7 were facility based residential aged 

care places: 47.8 high level and 30.9 low level. The 
remaining 15.3 places of the 94 per thousand persons 
aged 70 and over were at-home based aged care 
packages: 13.1 CACPs and 2.2 EACH. The federal 
government’s measures of provision do not include 
EACH packages (presumably because of the limited 
number of areas into which they have currently been 
introduced), however, EACH packages are included in 

the measurements in this paper. (Department of Health 
and Ageing 2004). In Figure 2, Greater Bendigo can be 
seen to have had a higher level of provision than the 
average for regional Victoria in 2002, for all types of aged 
care except for high level residential aged care. Its 
overall level of provision of 127 places per thousand 
persons aged 70 and over was much higher than the 
overall average for regional Victoria, and it was also 

much higher than the federal government’s benchmark of 
100 places per thousand persons aged 70 and over.   
 

 
Source: (Australian Institute of Health and Welfare 2003) 

Figure 1: The number of aged care places in Australia 
by type, and their level of provision measured per 1,000 

persons aged 70 years and over, (1995-2002). 
 

 
Source: (Department of Health and Ageing 2004) 

Figure 2: Aged care provision in Greater Bendigo in 
2002, measured in relation to the average for regional 

Victoria. 
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1. MEASURING EXISTING RESIDENTIAL AGED 
CARE INFRASTRUCTURE 
 
While the government’s population based ratios and 
benchmarks indicate the number of aged care places 
required to meet the needs of a given aged population, 
they do not give an indication of the amount of physical 

infrastructure required to accommodate these places. 
The Review of Pricing Arrangements in Residential Aged 
Care produced by W.P. Hogan in 2004 states that ‘there 
is no mandatory gross floor area (indoor area) per 
resident in the Australian Government certification 
requirements’ (Hogan, W.P. 2004:140) for residential 
aged care facilities. For the calculations in the Hogan 
Review, an average indoor area of 45 square metres per 

residential aged care place was used. This was derived 
after an analysis of existing residential aged care 
facilities indicated that ‘a gross floor area per resident of 
between 40 and 50 square metres is typical’ (Hogan, 
W.P. 2004:140). An average site area of 90 square 
metres per place was subsequently estimated yielding a 
plot ratio of 2 square metres of site area per 1 square 
metre of indoor area. In this paper we have measured 
indoor areas, outdoor areas and site areas for the 

facilities currently providing high, low, and both high and 
low level residential aged care in Greater Bendigo. Using 
these measurements, ratios of indoor area per place, 
indoor area-to-outdoor area, and site area per place, 
have been produced for each type of facility. The current 
provision levels in Greater Bendigo indicated by these 
ratios will be used as benchmarks to estimate future 
infrastructure requirements given forecast population 

change. 
Greater Bendigo’s existing residential aged care facilities 
and the (absolute) number of places they provide are 
illustrated in Figure 3, and have been grouped according 
to the type of care they provide. The indoor area, outdoor 
area and site area of each facility is also shown. These 
figures were used to calculate, for each facility, the 
amount of indoor area per place, the ratio of indoor area-

to-outdoor area and the amount of site area per place. 
For example, the Barkly Private Nursing Home has 20 
high level care places. With a total of 700 square metres 
of indoor area, it has 35 square metres of indoor area per 
place. It also has 700 square metres of outdoor area, 
which is an indoor area-to-outdoor area ratio of 1:1. With 
a site area then of 1,400 square metres, the Barkly 
Private Nursing Home has 70 square metres of site area 

for each of its 20 places. Ratio averages have been 
calculated for the facilities of each type in Greater 
Bendigo. These are shown at the bottom of each column 
in Figure 3. For example, for the residential aged care 
facilities providing high level care in Greater Bendigo (of 
which the Barkly Private Nursing Home is one) there is 
on average 43 square metres of indoor area per place. 
The overall average of 50 square metre of indoor area 

per place found for all types of residential aged care 
facilities in Greater Bendigo is very close to the average 
of 45 square metre of indoor area per place that was 
found in the Hogan Review. The average indoor-to-
outdoor area ratio of 1:1, and the average of 90 square 
metres of site area per place that were found in the 
Hogan Review, differ significantly from the equivalent 
averages found for Greater Bendigo. While these land-
related differences may have resulted from the greater 

availability of land and lower building density historically 
typical of a regional city such as Greater Bendigo, they 
nonetheless appear to indicate that Greater Bendigo has 
a greater level of existing infrastructure (land) than what 
may be taken as the average from the Hogan Review. 

The indoor area-to-outdoor area and the amount of site 
area per place found for Greater Bendigo could therefore 
be taken as benchmarks to be maintained, or they could 
be taken as indicators of the potential for expanding the 

indoor area of a number of facilities within their existing 
sites.  
 

 
   Source (places): (Department of Health and Ageing 2004) 

Figure 3: Greater Bendigo’s residential aged care 
facilities: their size by place and area and their ratios.  

 

2. MODELLING FUTURE INFRASTRUCTURE 
REQUIREMENTS 
 
To model the future residential aged care infrastructure 
requirements of Greater Bendigo, the possibility that the 

level of residential aged care provided per aged care 
type might change in the future from the existing 
provision levels (represented by the ratios) must be 
taken into account. As was shown earlier in Figure 1, 
there has been a distinct national trend of such change, 
as at-home based aged care places have increasingly 
replaced facility based aged care places. A continuation 
of this trend would significantly alter the amount of 

infrastructure required for residential aged care facilities 
by 2021, due to the ‘at-home’ based nature of CACPs 
and EACH packages. Possible changes to the type of 
aged care provided in future can be explored through 
scenario modelling. Three possible scenarios of future 
change to aged care provision have been developed: 
from the trends shown in Figure 1, current government 
policy, and from government statements on future aged 

care provision. These scenarios are described in Figure 
4. 
  

 
Figure 4: Possible scenarios of change to the provision 

of aged care. 
 
The possible implications of the three scenarios, with 
respect to the number of aged care places required in 
Greater Bendigo by 2021, is shown in Figure 5. (NB, the 

absolute numbers of places are shown in brackets). To 
the left of the brackets are the numbers of places 
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measured per thousand persons aged 70 and over. The 
figures in scenario A indicate that to maintain the current 
level of provision relative to the population aged 70 and 
over, the actual number of places must increase 

significantly. As the allocation of care is varied in 
scenarios B and C, the number of places in each aged 
care type either increases (at-home based care) or 
decreases (facility based care) relative to scenario A.   
 

 
Figure 5: The number of aged care places required in 
Greater Bendigo by 2021 under scenarios A, B and C. 

 

Figure 6 represents in graphical form the changes that 

would occur to aged care provision in Greater Bendigo 
between 2004 and 2021 under scenarios A, B and C. In 
Figure 6, the absolute numbers of aged care places (that 
were shown in brackets in Figure 5) are represented by 
the columns. The number of aged care places measured 
per thousand persons aged 70 and over are represented 
by the lines.  
It can be seen in Figure 6 that the increase in the 
proportion of EACH packages under scenarios B and C 

reduces the number of additional high level residential 
aged care places needed by 2021 from what currently 
exists. Furthermore the increased proportion of CACPs 
under scenario C results in fewer low level residential 
aged care places. Such scenarios would equate to 
significant reductions in new infrastructure requirements; 
but whether at-home care would adequately meet the 
needs of such a large proportion of the aged in need of 

care would require further investigation. 
 

 
Figure 6: The number of aged care places required in 
Greater Bendigo by 2021 under scenarios A, B and C.  

 

 
Figure 7: The amount of additional infrastructure 

required in Greater Bendigo by 2021 under scenarios A, 
B and C 

 
Figure 7 shows the additional residential aged care 
places required in Greater Bendigo by 2021 under 
scenarios A, B and C, (resulting from the additional 
number of persons forecast to be aged 70 and over in 

2021). Population forecasts produced by the Victorian 
Department of Sustainability and Environment (DSE) 

were used for Greater Bendigo and Warrnambool. The 
amount of indoor area, outdoor area and site area 
required to accommodate the scenarios (with respect to 
the existing infrastructure provision ratio averages that 

were calculated in Figure 3) are also shown. 
 

3. THE CONFIGURATION AND LOCATION OF 
ADDITIONAL INFRASTRUCTURE 
 
The additional aged care places, indoor area, outdoor 
area and site area that are required under scenarios A, B 
and C may be physically configured in a number of ways. 
Their configuration both affects and is affected by the 
location options (available sites) within an area. As was 
mentioned earlier, the large average amount of site area 

per place for the facilities in Greater Bendigo (relative to 
average in the Hogan Review) appears to indicate the 
possibility that some of the additional infrastructure 
required may be accommodated within existing 
residential aged care sites. While this is a possibility, to 
do so would reduce the average amount of site area per 
place, which in effect would represent a reduction in the 
current level of outdoor area provision. This section of 
the paper will explore the configuration and location of 

additional infrastructure with respect to locating new 
facilities on new sites using the existing ratios, thereby 
maintaining the relative level of provision.  
 
3.1. Configuration options 
If we consider the number of places contained within 
each new facility, then the additional residential aged 
care places required in Greater Bendigo under the three 

scenarios shown in Figure 7 can be approximated to 600 
under scenario A, 300 under scenario B and 150 under 
scenario C. Approximating the additional number of 
residential aged care places in this way allows the 
configuration of: number of places; indoor area; outdoor 
area; and site area to be systematically explored for each 
of the scenarios.  
 

 
Figure 8: Configuration options for Greater Bendigo’s 

required residential aged care infrastructure. 
 
Progressively dividing the number of facilities yields a 
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range of facility sizes (see Figure 8). The size of a facility 
can be viewed from the perspective of the number of 
places it contains, its indoor area, its outdoor area, or its 
site area. The number of new facilities into which the 

additional aged care requirements can be divided is 
dependent on the size of the facility. For example, under 
scenario A, if there is a desire for facilities that are 150 
places in size, then four new facilities will be required to 
accommodate the 600 additional aged care places. 
Under scenario B, only 300 additional aged care places 
are required. These can be accommodated by two new 
facilities 150 places in size. Under scenario C, 150 

additional aged care places are required. Only one new 
facility 150 places in size would be required to 
accommodate these additional places. The ratio of 90 
square metres of site area per aged care place derived 
from the Hogan Review is approximately half of the 
equivalent ratio found for Greater Bendigo, (208 square 
metres of site area per aged care place). Figure 8 can be 
viewed from the perspective of the 90 square metres of 

site area per aged care place ratio by moving all of the 
figures listed under ‘site area’ up one row. For example, 
a facility containing 600 places would require a site area 
approximately 65,000 square metres in size, rather than 
a site area 130,000 square metres in size. 
 
3.2 Location Options 
Location options are dependent upon the availability of 

land. Location options for Greater Bendigo’s additional 
residential aged care facilities are explored using sites as 
an indicator of physical infrastructure requirements. 
Figure 9 shows the locations of Greater Bendigo’s 
existing residential aged care facilities in relation to the 
city centre and the developed areas. Most of the existing 
facilities are located within a 5 kilometre radius of the city 
centre, (indicated by the smallest ring in Figure 9). There 
is one other residential aged care facility located in 

Greater Bendigo that is not shown in Figure 9. This 
facility is located in the outlying town of Heathcote which 
is approximately 40km from the Bendigo city centre. 
 

 
Figure 9: The location of the existing residential aged 

care facilities in Greater Bendigo. 
 
Figure 10a shows the developed areas around Greater 
Bendigo’s city centre and the growth boundary recently 
set by the City of Greater Bendigo (Pollock, D. 2004). 
Figures 10b-f show the sites within Greater Bendigo 
which were recently identified by the City of Greater 
Bendigo as being either undeveloped or underdeveloped 

(City of Greater Bendigo 2003). These are potential sites 
for future residential aged care facilities.  

Figure 10b shows the available sites remaining in 
Bendigo that would be large enough to serve as the site 
of a single facility containing all 600 of the new 
residential aged care places estimated to be required 

by2021. Adjoining sites have been combined in Figure 
10b-f. As can be seen, there are few sites of this size 
within a 5 kilometre radius of the city centre. Most of the 
sites of this magnitude are located between 5 and 15 
kilometres from the centre of the city, on the outer fringes 
of the developed area. The available sites shown in 
Figures 10c-f reduce in size in line with the site areas 
illustrated in Figure 8. As the minimum site area is 

reduced the number of sites can be seen to increase, 
particularly those located within 5 kilometres of the city 
centre. 
 

4. CONCLUSION 
 
The federal government has for many years monitored 
change in the population aged 70 and over, in order to 
indicate and anticipate the changes required in the 
number of aged care places. The ratio of ‘places per 

thousand persons aged 70 and over’ that the federal 
government adopted to achieve this can also be used in 
conjunction with population forecasts to estimate future 
aged care requirements. However, while the size of 
future aged populations and the number of aged care 
places required can be estimated using this ratio, a 
method does not exist with which to determine the 
amount of physical aged care infrastructure required to 

accommodate future place numbers. Physically locating 
additional aged care places within an area requires 
consideration of aged care facilities: their number, indoor 
area, outdoor area, site area and location.  
The survey of the existing residential aged care facilities 
in Greater Bendigo has enabled the current amounts of 
physical aged care infrastructure to be established. This 
has allowed correlations to be developed between 

physical aged care infrastructure, aged care places, and 
aged populations. 
By changing one of the figures with respect to indoor 
area per place, indoor area-to-outdoor area, or site area 
per place, subsequent changes required to re-establish 
and maintain the original ratio can be modelled. As such, 
these ratios allow organisations such as local councils 
and aged care providers to consider and plan how future 
aged care needs might be met through the exploration of 

different siting options. The amount of aged care, the 
type of aged care, the size of facilities, the configuration 
of facilities (both in terms of the number of sites and the 
size of the sites required), and the location of facilities 
(with consideration of the physical context), can all 
potentially act as drivers in scenario modelling. 
It has been demonstrated in this paper that Greater 
Bendigo’s current supply of undeveloped and 

underdeveloped sites is limited, (with certain sized sites 
in more limited supply in some locations than in others). 
If sites located close to the city centre (such as those of 
the existing residential aged care facilities in Greater 
Bendigo) are desired for new residential aged care 
facilities, strategies which seek to overcome site 
limitations may need to be explored. Such strategies may 
include configuring facilities in ways that require smaller 

site areas, reducing the current amount of outdoor area, 
or re-using ‘brownfield’ sites. The ratios, methods of 
scenario modelling and methods of exploring the 
configuration and location of facilities discussed in this 
paper are potential tools and methods for developing 
such strategies.  
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Figure 10a: The developed areas around Greater Bendigo’s city centre and the growth boundary recently set by the 

City of Greater Bendigo. Figure 10b-f: Undeveloped and underdeveloped sites in Greater Bendigo and their 

proximity to the city centre: (a) 120,000m!, (b) 60,000m!, (c) 30,000m!, (d) 15,000m! and (e) 7,500m! or greater. 
(Each ring increases by 5km radial increments from the city centre.) 
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ABSTRACT: In recent decades attempts have been made to improve productivity in the Iranian 
Construction Industry by importing foreign technology and by the industrialization of building production. 
A research undertaken by these authors shows the efforts have largely failed. One of the reasons for 
the failure is lack of an adequate earthquake resistance of the buildings constructed based on imported 
technology. The research takes the premise that rather than introducing radically new methods of 
construction which ignore the existing structure of the construction industry and construction skills, 
improvements may be achieved by building upon this structure and the skills. What was we looking for, 

as a secondary goal in the research, was a wider improvement of building productivity for the industry. 
The Iranian Construction Industry, as in other developing countries, has both formal and informal 
sectors. The formal sector is the more modern part of the Construction Industry and the informal is the 
traditional industry (Mimarzia, 1995). There are also the private and public sectors. The public sector is 
formal and the private sector of the Construction Industry is both formal and informal. 
One of the assumptions underpin the research was that, neither traditional methods of construction nor 
modern imported technology can meet building construction demands successfully. In other words, a 
blend of the two is necessary. This assumption is supported by the observation that the use of modern 

building materials applied using traditional method of construction has caused significant problems in 
earthquake resistance. 
This paper considers the nature of Iranian Construction Industry and its environmental conditions. It 
discusses specific problems and their cause and effects focusing on critical problems to identify the 
ways to improve building productivity of the industry 
 
Conference theme: Social and political issues in architecture 
Keywords: traditional construction improvement, Iranian industry, productivity, development 
 

 

INTRODUCTION 
 
Traditional construction in detail forms and process, 
which gradually developed through the process of trial 
and error, is the result of the collaboration of traditional 
professions, the Iranian traditional architects, mimars, 
clients and users over generations. Mimars have created 
a strong co-ordination between architecture and the built 
environment for thousand of years based on the socio-

cultural and geographical conditions of the country. This 
aspect of Iranian traditional building will therefore be 
discussed. 
In the modern sector of the industry in Iran, observations 
about the inadequacy of modern construction forms, and 
the failure of industrialized efforts, may be linked to the 
inadequacy and lack of resistance to earthquakes. It was 
widely believed by those who were not part of the 

Construction Industry that the only way to improve the 
Construction Industry lay in the adoption of industrial 
methods. Many changes, regardless of their negative or 
positive effects, were caused by this decision to be 
beguiled by the attractions of industrialization and ‘rapid 
development’. This attitude ignores the experiences of 
the past generations.  
In spite of the failure of industrialization in Iran (Mofid, 

1987, p. 172), it has commonly been said that the 
ultimate solution for building shortages is industrialization 
and prefabrication of building (Sakhteman, 1990). This 
attitude to radical change is adopted without any 
comprehensive study of the potential of new and 
imported technologies to undergo adaptation to the 
current conditions of the country. 

It is not claimed that the transfer of advance technologies 
from the developed countries is doomed to failure, but 
the import of advance technology with no serious 
attention ‘to provide a hospitable environment for its 
efficient use’ (Mofid, 1987) led to failure in the case of 
Iran and other developing countries. 
 

1. IRANIAN BUILDING INDUSTRY IN THE 
CONTEXT OF CHANGE 
 

For the four last decades the Iranian Building Industry 
has been heavily engaged with production of residential 
buildings, especially private housing development, with 
comparatively few infrastructure projects. Lack of 
infrastructure and skills has been a barrier in the 
development of industrialization especially for industrial 
building construction. A new generation of advanced 
technology was introduced into the country without 

attention to existing skills and without adequate 
preparation for its requirements. Such technological 
changes in the Construction Industry in Iran have 
widened the gap between the traditional construction 
methods and modern production systems. As a result 
traditional methods and skills are mostly being 
abandoned. Ignorance of existing traditional methods of 
construction and their related skills constitutes as major 
problems in the modernization of Iran. 

Conventional methods of building construction in Iran 
were developed because of the need to meet a growing 
demand. The term ‘conventional methods’ here means 
the methods which mostly are in use in the country. One 
of the major characteristics of the methods is that of the 
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use of modern materials allied with a mixture of modern 
and traditional methods of building construction. The 
conventional methods are neither vernacular nor modern 
and they are classified by their roofing or flooring 

systems. Their development was based on the 
importation of modern materials and associated 
production systems. This had some side-effects and 
caused problems in building forms, but the experiences 
of the last four decades cannot be ignored and the 
values of the traditional forms of building should at the 
same time be preserved. What we propose to do here is 
consider whether it is possible to improve the standards 

& productivity of building in Iran by starting with and 
improving upon aspects of traditional construction rather 
than abandoning it for something radically new. 
To meet the need, the capacity of the Construction 
Industry needs to be doubled. One major 
recommendation for increasing construction production is 
in the use of industrial construction systems. Changes 
are indeed essential, if the output of the industry is to 

meet the demands of the country. But it would be a 
serious mistake to assume that a change from traditional 
to modern imported technology is necessarily the only 
way of meeting the demand. Increasing speed or 
reducing the cost of operations, for example, may not be 
achieved even with a change to an imported method, 
which is supposed, cheap and fast. In this respect, Hawk 
(1992) noted that ‘dramatic change is sweeping 

construction’. Change merely for the sake of change is 
not necessarily an improvement. Any change on the 
basis of traditional methods should and indeed will 
continue to play an active role, and contrary to some 
belief, it may not put a brake on the performance of the 
Industry. 
The introduction of cast and wrought iron in Construction 
Industry, followed by the production of steel and 
concrete, opened up modern building construction 

methods in developed countries.Changes in the field of 
building construction may be required for a number of 
reasons: to improve productivity, to reduce the costs of 
construction; to meet increased demand; to improve 
standards of accommodation, to reduce the land 
consumption of traditional methods; to eliminate the 
weaknesses of some traditional materials and to 
overcome the shortage of traditional skilled labor. 

One of the changes which had a significant effect on the 
Iranian Building Industry was a transformation in the 
appearance of cities. A number of factors contributed to 
this change, amongst them the Land Ownership Reform 
and the Boyen Zahra Earthquake which caused more 
than 10,000 fatalities in 1962. In 1963 the Third 
Development Plan (1963-1967) was launched with the 
aim of constructing schools, hospitals, and new urban 

settlements. Large scale construction was undertaken as 
a result of introduction of master plans in the major cities. 
The immediate impact of these master plans was an 
increase of urban land prices and the construction of 
high rise apartment blocks. This was followed by the 
Fourth Development Plan (1968-1973). The principal 
objective of this plan was industrialization (Mofid, 1987, 
p.172) which resulted an introduction of “factory-made” 

precast concrete production systems and which brought 
about a fundamental change in the Construction 
Industry.  
Changes are essential, if the output of the Building 
Industry is to meet the demand for buildings in Iran. 
Change merely for the sake of change, however, is not 
necessarily an improvement and it would be a serious 
mistake to assume that a rapid change from traditional to 
a modern imported technology is necessarily the only 

way of meeting the demand. Revolutionary technology 
and radical change, while tending to ignore the 
experiences of the past, resisting the diffusion of new 
techniques which takes time to be adapted. There is a 

reviewed literature on the process of diffusion of 
innovations by Rogers (1994).In Iran, it has commonly 
been said, the ultimate solution for building shortages is 
fully industrialized prefabrication of building (Sakhteman, 
1990). An imported advanced system, which is strange 
and incompatible with the current condition, cannot be 
adopted immediately in a sudden or rapid development. 
Mofid (1987, p173) argues:  

Clearly there exist major differences in the physical, 
cultural, religious, historical and socio-political aspects of 
Iran and the Iranians, to those of places from where 

technology was imported, so that the problem of 
‘inappropriate technology’ may well have arisen in the 
case of Iran.  

Ghanbari Parsa (1989) quoting Chabbi (1988) points out 
that:  

The modern building construction methods which depict 
the glossy image of the technological developments of 
the current international norms and so valued by the elite, 

are seen as the only course of achieving rapid 
development.  

This approach to technological development is in conflict 

with the local conditions in many developing countries, 
and as Gilfillan (1935) and Mofid (1987, p267) have 
argued, development is an evolutionary rather than 
revolutionary process. The economic aspects of the 
building construction and the attractions of modernity, 
have created a problem for developing societies with 
their different socio-cultural backgrounds. Many changes, 
regardless of their negative or positive effects, have 

come as a result of a harsh decision to follow the 
attractions of ‘rapid development’. Such sudden 
changes, are inappropriate in many developing 
countries, including Iran. Alternatively, many of the 
changes in traditional methods can be attributed to the 
use of new materials and components, combined with 
the introduction of new technologies which take into 
consideration the existing situation and not to a dramatic 

change which may ‘sweep construction’ (Hawk, 1992, p. 
1). Development as a product, is ‘created over a long 
time with hardworking creativity’ (Mofid, 1987) and ‘many 
small perfecting’ (Gilfillan, 1935) innovations. This 
process like all processes of changes, as well as 
technological changes, cannot be achieved suddenly as 
a ‘rapid development’. By contrast, any change on the 
basis of traditional methods and the use of available 
skills should and indeed will continue to fulfill an active 

role for the performance of the industry and will not put a 
brake on its performance.  
A new technology should be based on what is already 
available. A gradual development policy based on the 
existing skills can stabilize the process of change. In the 
case of Britain, for example, Yeomans (1992) believes 
that the process of change to a new form of roofing that 
occurred during 18th century, was a gradual change 

rather than a revolutionary one. Although the change in 
competing techniques was among a group of craftsmen, 
in the context of old methods of the roof construction, 
Yeomans claims that new methods did not immediately 
replace the old methods. They were gradually adapted 
and a process of dissemination took place in which new 
ideas were taken up and used by the carpenters who 
had been trained in the old ways (Yeomans, 1992, 

p.198). Because as Yeomans noted, the technological 
development is a gradual process. 
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2. TRADITIONAL / INFORMAL SECTOR IN THE 
CONSTRUCTION INDUSTRY 
 
The Iranian traditional building construction sector has 
created a rich architecture and appropriately built 
environment—appropriately in terms of either culture or 
climate. Construction methods have been used and 

developed for hundreds of years according to the varied 
geographical and indigenous conditions of the country. 
These methods of construction are tried and tested, 
developed gradually and have performed successfully. 
Iranian traditional architects (ostad mimar, ostad in 
Persian mean a highly skilled and experienced person; 
this term applies to all fields) and master masons (ostad 
banna) have practiced for many years an appropriate, 

creative, and innovative technology compatible with the 
environmental features and the availability of skills and 
local materials. 
Mimars have created artistic buildings which have 
withstood many disasters, amongst them destructive 
earthquakes. These architects played the main role in 
developing various techniques and in creating a harmony 
between environment, nature and culture. 
For many years in some parts of Iran, traditional 

architects or master masons acting as general 
contractors were permitted to design a building of any 
size or complexity and supervise its construction, without 
applying for either planning permission or building 
approval. Each of them, however, enjoying a good 
relationship with his client. At present, this relationship is 
changing but may still persist in rural areas. 
The characteristics of the traditional method can be 

defined as: 
• Readily available materials.  
• Available distribution system for building materials and 

components.  
• Existing systems of building methods, which are used, 

are adapted to available resources and skills and are in 
harmony with the geographical and socio-cultural 
condition of the country. 

Traditional self-sufficient self-reliance construction 
methods were based on standard measurement and 
modular co-ordination. Proportional design of forms and 
functional aspects of Iranian architecture created various 
forms of structures, for example, towers, bazaars, wind-
catchers, bridges, fortifications, gardens, and car-van-
sara-s (caravanserais, Car-van-sara, Persian word which 
in English is caravanserai or caravansaray meaning ‘inn 

with a large central courtyard where caravans can stay 
for the night’) and even watermills. Unfortunately most of 
these forms of buildings are no longer used. For example 
the wind-catcher, or badgir, which was used in warm 
areas, acted as an air-conditioner to cool the inside of 
buildings by sucking wind into the building and passing it 
through a space over water and blowing it into rooms 
and spaces. This element of building affects both design 

and layout. Because of complexity of its construction, this 
self-sufficient air-conditioner is now replaced by electric 
air-conditioners. 
The Iranian building tradition and craft-based 
construction depended upon the relationship between 
the client and mimar or banna as general contractor, who 
was responsible for both design and construction. This 
method worked well throughout many centuries and was 
taught by masters to apprentices. The reasons for its 

success are:  
• simplicity of work in terms of lack of diversity of 

materials and methods. 

• clients have no knowledge about the technical aspects 
of building construction and this was supplied by the 
builder. 

• responsibility for both design and construction was 

undertaken by a single party. 
In traditional construction methods, Iranian houses are 
faced with some conflicts in the applied method and 
building elements. For example, in many Iranian houses 
in rural areas and even in many cities, the use of wooden 
beams for spanning roofs and floors was popular. 
Because of heavy material applied, to provide both 
thermal and water insulation, those roofs have become 

very heavy. According to the Iranian Code of Seismic 
Design (ICSD), if it is too heavy and is not monolithic 
such a roofing is not acceptable. This conflict actually 
has made a big change to the roofing details and 
consequently the whole construction method.  
The most important implication is that if traditional 
methods of construction are to survive, they must be 
applied at a higher level of efficiency, and must be able 

to compete with modern imported methods or any other 
modern method of construction.  
 

3. MODERN/FORMAL SECTOR IN THE 
CONSTRUCTION INDUSTRY 
 
The changes to the industry could be identified as three 
major periods. The first (1908-1951) is started with the 
discovery of one of the biggest oilfield in Masjid-e-
Suleiman in April 1908 and the establishment of Pahlavi 
dynasty as a result of the fall of the ‘constitutional’ 
revolution in 1925, and imposing the western’s values. 

During this period, the 1933 Street Widening Act, and 
torning down of Tehran walls in 1937 and large scale 
demolition of city centers in the country, execution of the 
first public construction of railway by forign contractors in 
1938, establishment of educational institutions along to 
the western values such as Tehran School of Fine Art, 
The construction of American College (Alborz) with the 
western size brick, It has been three major In 1989? , as 

part of his doctorate programme, Ghanbari Parsa looked 
at the “Interaction of development policies and the 
cinstruction industry in Iran” he has identified changes in 
the Iranian Construction Industry through threeperiods of 
time. 
The modern Construction Industry was established in 
1927 by the first infrastructural railway project linking the 
Persian Gulf to the Caspian Sea, a distance of 1,394 km. 

This railway project was important in shaping the 
character of the Construction Industry. The project took 
11 years to complete and cost 150 million dollars 
(Pesaran, 1994). The railway construction was 
completed with the help of Euro-American contractors 
who carried out the main work. Iranian contractors as 
subcontractors first appeared in 1939. During 1940s, the 
modern industry was shaped by the idea of ‘economic 

planning’ which was first suggested in a 1939 
memorandum (Mehner, 1978, p.176) which was 
influenced by the completion of the railway project. The 
idea was then followed by the requirements of the First 
Development Plan (1949-1955). 
During the First Plan, a separate approach in the areas 
of design and construction grew sharply with the 
increase of Iranian contractors. However, because of the 
low capacity of the contractors and the consequent low 

capacity of the industry, government expenditure was 
30% of the total of 21 billion IRs (Iranian Rial). During the 
Second Plan (1955-1962) the number of contractors 
grew and at the end of the plan, the BPO (Budget and 
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Planning Organization) introduced a system of 
classifying and qualifying local contractors. 
As one of the modernization and industrialization targets 
was education, the establishment of the Fine Art School 

of Tehran University in 1938 following the ideas of the 
School of Beaux-Art of Paris, was the first example of the 
institutionalization of architecture and construction 
education in Iran (Wilber, 1986?). Andrew Godard, a 
French archaeologist, was the first appointed head of the 
Fine-Art School. As he was an archaeologist, he was 
interested in the products of Iranian architecture, but not 
in its processes of construction. As a result the traditional 

Iranian architects, mimars, were ignored and foreign 
educated architects were appointed to teach architectural 
subjects. The effects of a European style of architecture 
accompanied by modern methods of construction, 
changed the fabric and physical appearance of the built 
environment in the country with the appearance of high 
rise buildings. This was the first indication of the rupture 
between new construction works and traditional Iranian 

architectural values.  
Also, as a result of the modernization of the country, the 
“big push policy”, and the adoption of Western 
construction technology and the use of modern 
materials, traditional building construction methods have 
been changed and the domestic methods of construction 
production have been greatly influenced by imported 
modern production systems. Iranian construction 

development has been affected by both Westernization, 
and more significantly by the development plans of 1949-
1977. The physical development of cities and imported 
Western technology resulted in a new way of life which 
was un-adapted to Iranian culture and social 
conventions. This could be viewed as the turning point in 
residential construction, moving away from the courtyard 
Iranian house form and the one or two storied courtyard 
houses which were built by the mimars who were aware 

both of architectural values and relevant building 
technology (Ghezelbash & Aboozia, 1985). 
Construction planning process, which used to be planned 
by the Government from the end of the Second 
Development Plan (1955-1962), focused on the physical 
development of cities with the use of modern 
construction technology and building materials, 
especially in structural work. Unfortunately when new 

materials and methods were introduced into Iran, there 
were neither the adequate skills available to use them 
nor the adequate training to generate these skills. The 
result was a poor standard of construction which had an 
adverse effect on the earthquake resistance of the 
buildings which were then being erected. This problem 
was exacerbated by the high densities of these new 
developments. The result was that the adoption of new 

construction methods increased the risk of failure during 
earthquakes. Most speculative builders who constructed 
houses and apartment blocks for sale, were unaware of 
earthquake resistant techniques. Speculators were 
interested in cheap materials and labor and did their best 
to reduce building costs and sacrificing building quality to 
gain more profit. The use of inadequate materials in the 
fabric of the buildings hidden under beautiful and 

hypocritical finishes, was common. 
 

4. INDUSTRIALIZATION IN THE CONTEXT OF 
IRAN 
 
Large scale projects are government owned but are 
usually built by the private sector. Although the private 
sector is primarily concerned with investment in small 
scale speculative works and about 95 percent of housing 

developments (Akhoondi, 1994) which have been 
encouraged by banks’ financing schemes. The 
construction technologies employed in the large cities, 
use the most advanced equipment and machinery, 

including tower cranes and ready-mixed-concrete trucks, 
rather than the labour-intensive construction techniques 
which are employed in the less wealthy small towns. So 
it was manifested in the form of a rapid increase in the 
price of building material and labour as well as tax and 
service charges for any new development which in turn 
resulted fall in the demand. 
The shift from traditional materials to new modern 

materials means a shift to imported building materials 
and also building material production systems and their 
associated factories. This caused considerable increases 
in overheads. Building material cost is a considerable 
portion of overall building production cost. Tabesh (1989) 
states that, this could be ‘... about 2/3rd to 3/4th of the 
building’s overall costs’. In the case of modern methods 
of construction in Iran, ‘the foreign currency cost of 

building materials is 98% of the total currency costs of 
whole building’ (Tabesh, 1989). Accordingly, these 
figures indicate the effect of construction costs which 
may reduce people’s motivation to build earthquake 
resistant constructions. Dependency on foreign building 
materials has grown with the introduction of the modern 
Construction Industry and the substitution of materials 
with less dependency on foreign currency, may save 

overall building costs and also could help the execution 
of earthquake resistant construction. Dependency of 
foreign building materials mean the imports of factory 
and its production system as well as the imports of 
ultimate building materials. For example, because steel 
is largely imported while concrete may easily be 
produced locally, the substitution of reinforced concrete 
for steel frame would reduce the dependency on 
imported materials. 

In Iran there has been a misunderstanding of 
industrialized methods of building construction. It is the 
confusion between ‘factory production’ and ‘industrialized 
methods’ of building production and the ‘factory 
production’ is regarded as the only industrialized building 
construction. This confusion had led to the assumption 
that the traditional methods are in-capable of being 
adapted to a factory production system and the result 

was a radical change in the structure of the Building 
Industry. The confusion has been that, industrialisation of 
building construction means “factory-made” production 
system, while as mention in chapter two, because 
industrialisation is an organisational process, it is 
applicable to both traditional and modern methods of 
building construction, one of which the “factory-made” 
systems. As a result of the confusion, they have come to 

be regarded as old fashion and hence to be ignored. 
Perhaps one of the most important problems in Iran has 
been this confused approach to industrialized methods of 
building construction which has caused neglect of the 
values and potentials of traditional methods. This attitude 
has led to the un-favorite situation where the Building 
Industry overlooks the valuable features of the existing 
building tradition. The confusion between industrialization 

and factory-made prefabricated system in Iran, which 
also existed in Britain during 1960s (Bowley, 1966, 
P.315), took place during the 1970s, with the importation 
and introduction of large-scale heavy prefabricated 
concrete panel production plants. 
These development were based on the industrialization 
policies and the “big push” scheme, of which the Meri 
Report (1992, p.36) stated that ‘the ambitious 
development plans of the former regime resulted in 
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serious imbalance, inflation, and considerable waste’. It 
also mentions that many Iranian and foreign economists 
criticized the rapid pace of industrialization and pointed 
to shortcomings in Iran’s infrastructure, her transportation 

and port systems, and particularly to her lack of skilled 
manpower. This lack of semi-skilled, skilled personnel, 
and technicians had a restrictive effect on the efficiency 
of construction activities especially in the imported 
industrialized and prefabricated methods of building 
construction. The demand for skilled construction 
workers, for example, during the Fifth Plan (1973-1977), 
was 290,000, while the existing supply was 20,000, that 

is a shortage of about 270,000 (PBO, 1973), which 
seriously hampered the adoption of new techniques in 
the Construction Industry. 
It was the precast-concrete construction method which 
was expected to reduce building costs and construction 
time to satisfy the building needs of Iran, but which failed 
because of a lack of an adequate infrastructure facilities 
such as suitable roads and transportation, and a lack of 

relevant skills.  
With regard to the precast concrete construction, 
Kamrava (1990) noted that:  

The ultimate production of the system is expected to be 
cost-effective and faster in industrialized countries, but 

execution reality in Iran shows the opposite and is time 
consuming and costly.  

In spite of the goal of a factory-made production system 
being cheap and fast, this goal has not been realized, 
even in industrialized countries. In case of industrialized 

countries such as the USA, Jensen (1982) points out 
that:  

A factory-made house is not a radical improvement over 
one built conventionally. A factory-made house provides 

about the same quality and the same amount of space at 
about the same price as a house built conventionally- but 
with a lot less choice of how it might look. 

Having fewer choices of design style, is one of the 

problems of a prefabricated system, which is why in 
industrialized capitalist countries, such as the USA, 
production of prefabricated houses is not profitable, 
although Jensen (1982) believes that ‘industrialized 
housing systems are profitable in the more Socialist 
countries’ (Jensen, 1982, p129). Perhaps the limited 
choices of design of the housing products affect the 
demand for the method. As a lower demand requires an 

increase in price, this method is subjected to a higher 
price than ordinary methods of housing construction. In 
this respect, Cartlidge (1976, p.42) notes that: 

It has been said that the use of prefabrication systems 
are bound to increase in the future because of the serious 

manpower shortages threatening the industry, but, as yet, 
apart from a few schemes these seems to be little sign of 
increased use in these forms of construction in the next 

decade. Prefabrication will reduce the construction time 
but appears to be unacceptable, because the associated 
costs are too high. 

Generally, cheapness and quickness of prefabricated 
systems are not achieved even though this result is 
contrary to expectations. An investigation of eight 
different school construction systems in six countries, 
amongst them the UK, carried out by Oddie (1975 and 
cited in Russell, 1981), shows that: ‘no generally or direct 
confirmation of cheapness and quickness can be given’ 
in spite of the expectation of system building which 

should be cheaper and quicker than the use of 
alternative methods. It seems that not only in Iran, but 
also in some industrialized countries there is evidence 
which shows that the factory-made production system is 
expensive and an example of this is the concrete 
prefabricated flats and their disadvantages in Britain 
(Bowley, 1966, p.257) or the first series of schools in the 

Canadian SEF ? Programme which seriously overran 
costs (Russell, 1981, p672). Bowley (1966, p.293) 
argues that a prefabrication system not only does not 
necessarily require less site time or decrease 

construction cost but also it does not follow that it will 
decrease the total quantity of labor required. She asserts 
that the dream of a fully industrialized or prefabricated 
system has not been realized: 

... it cannot be assumed that increases in prefabrication 
will increase the productivity of the building process. This 

conclusion is contrary to popular belief. (Bowley, 1966, 
p.314) 

Regardless of the compatibility of most of fully 

industrialised in a country such as Iran, there was a 
common attitude that prefabricated building production is 
fast and cheap. While there has been this question that 
why the prefabricated building production in the country 
was not fast and cheap, the system has been suggested 
as the solution to the related problems of speeding up 
and reducing costs of building production by 
professions.. In order to clear the issue, it is necessary to 

look at the philosophy of mass production in the Building 
Industry and examine its implications here. 
Kamrava (1990) did not regard ‘this abnormal problem’ 
as a ‘mismanagement’ concept in the Construction 
Industry. Because of importance of management in 
industrialised methods of building construction, it can be 
argued that mismanagement is at least one of the 
reasons for the failure of any industrialised method. 
Management is one of the most important aspects of 

building construction particularly when modern or 
industrialised methods of construction are concerned. It 
is clear that the application of modern managerial and 
technological knowledge will affect, in one way or 
another, all those whose lives are bound up with this 
Construction Industry. Good management of the 
Construction Industry in Iran is hampered by: lack of 
adequate data on many aspects of the Iranian 

Construction Industry for construction organisations 
involved, shortage of skilled and semi-skilled personnel 
and technicians, inefficient administrative organisations 
with weak relationship to each other, lack of legislation 
governing the relationships and responsibilities, lack of a 
widespread national/regional building code, and 
westernisation, the national development plans have not 
produced what they had set out to achieve. The 

importing efforts, in Iran, not only did not reduce the 
housing shortage but also wasted existing resources and 
made the situation worse. Failure to identify 
industrialization principles as well as a lack of 
understanding of the current Building Industry, the 
construction process and its requirements in the country, 
resulted in the failure of the effort made. Mofid (1987, 
p.172, 267) argues that, development should not start 

with the ability to import, but ‘with people and their 
education, organization, and discipline’. He claims that 
‘the lack of correspondence between the imported 
technology’ and country’s ‘existing indigenous 
endowments’ is one of the reasons for ‘the failure of 
industrialization’ in the country. The out-put of the 
prefabricated production factories in Iran, for example, 
shows this failure very well. Being of only 17 
prefabricated factories, out of more than hundred 

factories, in operation with less than half of their nominal 
capacity (Memarzia, 1995) is an indication of the failure 
of the industrialized methods of building construction. 
A lack of proper understanding of the concept of 
industrialized building production and a lack of attention 
to the socio-cultural and geographical condition of Iran 
has widened the gap between traditional construction 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

401 

and modern production methods. As a result the factory-
made prefabricated systems in the country could not be 
made to work at the same time as traditional methods 
were for the most part being abandoned. 

Construction techniques, are difficult to understand 
outside the context of their environment. When they have 
been discussed, the discussion has been in general 
terms rather than focusing on the ways in which they 
have operated. On this point, the author does not claim 
that the transfer of advance technologies from the 
developed countries are doomed to failure, but the 
importing of advanced technology with no serious 

attempt ‘to provide a hospitable environment for its 
efficient use’ (Mofid, 1987) is doomed to failure in the 
case of Iran and other developed or developing 
countries. This failure did not only happen in Iran. In 
Britain also there were ‘...some attempts to introduce 
new techniques or greater prefabrication and a faster 
rate of building all of which failed, owing to a lack of 
understanding of those factors which affect productivity 

on site’ (Cartlidge, 1976, P.42). The author is not 
claiming that all the factors in these countries are the 
same, but an understanding of the characteristics of 
these factors is very important. 
Criticizing the industrialized building production systems 
which were used in the past does not mean that 
upgrading the technology in the country and an 
industrialization of building construction is unnecessary. 

The criticism is made of the understanding of the terms 
‘industrialization’ and ‘system building’ and the rate at 
which change should occur. More importantly, change 
should not occur at the expense of local talents and skills 
such as traditional building construction methods. Any 
attempt to create change in this context should be in the 
direction of improving and continuing existing 
technology. 
Development of an appropriate technology is not 

something which developed countries can prescribe for 
developing countries. It must be done by those who are 
familiar with the culture, economy and human relations of 
that society and preferably by indigenous people who 
can discover what is the appropriate and best use of 
resources. Obviously existing research, experience and 
lessons which already learnt from the people constitute 
guidelines for development in these countries. 

Industrialized methods and related techniques which 
facilitate the organization of work depend upon 
repetition. Industrialization is based on the 
standardization of building components which in turn 
implies a degree of modular co-ordination. These are 
prerequisites for the industrialization of buildings. 
Modular co-ordination and dimensional standards are not 
new concepts (Falamaki, 1989), they are, indeed, 

features of Iranian traditional architecture and building 
construction which have been applied for hundreds of 
years. These features of the traditional construction 
methods, however, may be modified by the use of 
industrialized methods. In other words there is a possible 
compatibility between traditional Iranian construction 
methods and industrial methods. There already exist, 
conditions favorable for new methods of construction.  

 

5. CHANGES IN THE CONTEXT OF THE 
IRANIAN BUILDING TRADITION 
 

Iran has a long and continuous civilization of more than 
6,000 years (Pope, 1965, p9) and its traditional 
architecture is one of the brightest symbols of this 
civilization. Indeed, the magnificent and unique 
traditional architecture of Persia has a system and style 

all its own example of which may be found at Persepolis, 
the architectural features of such cities like Yazd and 
Isfahan and their Islamic monuments, mosques, ancient 
palaces, and towers. At present there are still more than 

a dozen masonry buildings that have a history more than 
1,000 years, in spite of many earthquakes. There is no 
denying that many buildings have been destroyed or that 
whole cities or villages have been wiped out, but many 
traditional buildings have been hit by earthquakes and 
have survived. The survival of these buildings raises 
these questions: how did these buildings resist so many 
earthquakes? How did the buildings perform during the 

earthquakes? 
Traditional methods of construction need to be modified 
to meet growing needs, but they offer an important 
beginning. The goal of most research on traditional 
Iranian buildings has been the classification, listing, 
description of building types, and their spatial features. 
Little attempt has been made to link these special 
features to the way in which they are constructed. This 

author believes that the reason why traditional 
construction methods have not continued is that there is 
insufficient knowledge of their construction operation. It is 
not enough to say, for instance, that traditional buildings 
are built of adobe and mud. The traditional construction 
methods contain some remarkable techniques in the use 
of bricks and mud which enable magnificent architectural 
masterpieces to stand up for hundreds of years but there 

is at the present time an insufficient understanding of the 
way in which adobe walls or those of similar construction, 
respond to earthquake loads and The question 
addressed here could be the way in which the adobe and 
sun-dried bricks construction have resisted so many 
destructive earthquakes. research on earthquake effects 
on Iranian traditional architecture is almost non-existent. 
The reason is twofold: modern engineers know very little 
of characteristic of traditional buildings and the architects 

who research traditional buildings are unfamiliar with 
earthquakes and structural dynamics. This, however, lies 
outside the scope of this thesis which is concerned more 
broadly with methods of construction. 
Drawing lessons from traditional construction techniques, 
and improving upon them could help their continuity 
which may in turn support modern ’conventional’ 
methods of building construction in the country. In the 

context of the use of new materials and the change in 
current methods, Wulff (1966) pointed out that: 

In the process of industrialization, one fact is undeniable, 
namely that the country’s age-old tradition in industrial 
arts, always adaptable to new conditions, has been and 

will be of great help in this most significant change. 

The resistance to earthquakes of traditional buildings and 
learning lessons from it, is of major concern. This lies in 
the role of the traditional profession and its architects 

(mimars), in the associated design and construction 
process and in the geometrical configuration of these 
traditional buildings. 
Iranian traditional construction methods, gradually 
developed through a process of trial and error and are 
the result of a collaboration of traditional professions: the 
mimars, clients and users over the generations. Mimars 
created a co-ordination between architecture and the 
environment for thousand of years based upon the socio-

cultural and geographical conditions of the country. 
 

6. IMPROVEMENT OF BUILDING 
PRODUCTIVITY AND EARTHQUAKE PROBLEM 
 
It was shown that to improve building productivity a factor 
that should be taken into account is the resistance of the 
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building to earthquakes. As this problem is, to a large 
extent, the result of poor workmanship, a key factor is an 
improvement of standards of workmanship. This 
depends upon the use of knowledge at the design stage 

and training for proper execution at building site. This is 
not an issue of workmanship alone. It has been shown 
by reference to the problem of the introduction of 
reinforcing methods into brick work that it is essential for 
issues of workmanship to be considered at the design 
stage. It is not merely a problem of providing adequate 
training in manual skills. There is the equal task of 
providing training for designers so that they will take 

account of the processes of construction. Similarly the 
management of the construction process may be seen in 
a similar light, although this aspect has not been 
examined in any detail. 
Earthquake can play a key role in the improvement of 
building productivity. What basis do we have for 
assuming that there is any incentive on the part of the 
government to carry out the necessary research or to 

implement any recommendations of the kind being made 
in this paper. Will fear of earthquake damage push the 
authorities into taking action or will this simply be seen as 
a problem for the building industry alone which it will 
have to solve by itself? In fact after the North Earthquake 
in 1990 the government noted that the cost of the 
damage incurred was comparable with that of the 
damage caused by the eight years war with Iraq. The 

government is therefore well aware of the economic cost 
of earthquake damage. Therefore, even though there 
may be no political pressure on the government to act to 
improve the safety of buildings, it's own concerns for the 
economic damage which earthquake may produce is 
likely to encourage them to take appropriate action. 
There is also an economic effect on the government itself 
because of the political pressure which occurred after the 
earthquake for the government to rehouse those whose 

dwelling had collapsed. 
Any development should at the same time help to reduce 
construction costs. The use of simple or appropriate 
plant and equipment may help improve the performance 
of the skilled trades and can play an important role in 
both increasing building productivity and resistance to 
earthquakes. The two aspects should be considered 
together. The problem in the past is that the former has 

been considered and the latter neglecting. While 
complex new technologies have been used improve 
productivity in the developed countries, the use of the 
same technologies in non-developed countries with 
socio-cultural differences is likely to be in conflict with 
socio-cultural conditions and to be inappropriate. 
The dramatic changes in the Iranian building construction 
not only ignored the potential of past experiences and 

resulted in deteriorating building standard, for example, 
the development of ‘conventional’ construction methods, 
but also had an adverse effect on buildings in response 
to earthquakes. ‘Conventional methods, developed on 
the basis of the use of the modern materials with the 
application of traditional skills. Unfortunately this change 
has occurred without any detailed consideration of the 
earthquake risks involved. The use of modern 

construction methods was not carried through to proper 
design and construction detailing and the provision of 
appropriate skills in training and building controls.  
One of the problem areas in the Iranian Construction 
Industry is a shortage of skilled labor. While the provision 
of skilled labor by education and training schemes is vital 
for the industry, training traditional mimars to improve 
their knowledge and familiarize them with new 
technologies may have a significant effect on improving 

building production. An apprenticeship system of training, 
which has been a successful traditional system could 
play an important role in the informal sector of the 
industry and apprentices may produce better result if 

they are trained by qualified masters. 
This study suggests it is crucial, firstly, to set up a 
training scheme to qualify and register those who are 
involved with the Construction Industry, particularly those 
who are in informal sector. The various organizations 
which are appointed for the education and training of the 
labor forces, could then undertake some responsibility for 
particular training such as the training of unskilled 

workers or the training of engineers or architects for 
particular purposes. To improve both building productivity 
and earthquake resistance, training of architects for 
understanding earthquakes’ effects on buildings is of 
prime requirement. 
 

RECOMMENDATIONS 
 
In this paper some recommendations for improving the 
physical and organizational conditions of both building 

productivity and earthquake resistance have been 
implied. They are: 
• Building codes and regulations, as well as inspection 

manuals, are needed to improve building productivity 
and the earthquake resistance of buildings.  

• Registration of all informal trades and tradesmen within 
the Construction Industry is a significant need if building 
productivity, particularly of housing production is to 

improve. 
• Improving traditional skills and providing skilled labor 

and technicians by educating and training can 
effectively improve building production. 

• Improving the quality of building materials and the 
expansion of production of a variety of building 
materials could provide innovative building techniques 
to improve both building construction and earthquake 

resistance. The training of manufacturers has a great 
effect on this improvement. 

• Collaboration between engineers and architects to 
improve building productivity and earthquake resistance 
is necessary to cope with the earthquake problems of 
the country. 
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ABSTRACT: Recent submissions to the Building Industry Authority on changes to the rules governing 
timber treatment drew over 300 submissions from all sectors of the building industry – an indication of 
the keen interest in the BIA’s revamping of the building code following continued controversy over 
building performance here in New Zealand. The submissions are of interest as much for the insight 
they give into the mind-set of the various stakeholders as for the technical appropriateness of their 
arguments for or against the continued use of treated timber. 

This paper will provide a brief history of the controversy surrounding building performance. It will 
summarise the BIA’s initial proposals for changes to B2/AS1, analyse the nature of the 300 
submissions for and against these proposals and indicate the effect the submission process had on the 
final Approved Document. 
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Keywords: building code, New Zealand, timber 
 

 

INTRODUCTION: 
 
In 1995, four years after the introduction to NZ of a 
nationally binding performance based NZ Building Code, 
a change was made to the NZ Standard NZS3602 to 
allow the use of untreated kiln-dried Pinus radiata in 
timber house framing. This change, which has only 
recently been re-addressed, was to have significant 
consequences for the building industry in that it coincided 

with, and considerably aggravated, a period where 
moisture problems have become the single most 
common reason for unsatisfactory building performance 
in NZ.  
The rapid uptake of new cladding materials in the 1980s 
saw a decrease in the use of the traditional 
weatherboard and brick and increased use of face 
sealed proprietary rigid sheet cladding systems, coupled 
with a resurgence in the use of stucco claddings. There 

were changes to the apprenticeship programme, and 
societal changes that saw a rise in apartment buildings 
and a move away from the traditional fixed price to other 
forms of construction procurement to meet the growth in 
this housing sector.  
These societal factors had outcomes in terms of building 
performance. Deficiencies in construction performance 
became apparent as inquiry and debate over the quality 

of construction intensified. In 2001 a report by the writer 
commissioned by the BIA [1] that surveyed some 287 
pre-purchase reports indicated some 60% of the 
dwellings inspected let in moisture through the cladding 
to an unacceptably high degree. Whilst buildings in New 
Zealand had always leaked to some degree (NZ is a 
coastal climate and capable of extreme climate variation) 
what was different and new and picked up by the survey, 

was the significant percentage increase in cladding 
systems letting in moisture compared to the number of 
cladding cases constructed in the period following these 
societal changes and the introduction of the National 
Building Code in the 1990s. (Fig 1). 
 

 
Figure 1: Defect v cladding cases 

 
The Societal factors briefly outlined above were not the 
only reason for building deficiencies. Causes identified in 
the Hunn report [2]:, a report commissioned by the 
Government in 2002 to investigate the causes of building 
failure due to moisture ingress, nominated a significant 
number of contributory causes including: 
• Inadequacy in the Building Code and Approved 

Documents 
• Inadequate documentation supplied for building 

consent. 
• Insufficient checking at building consent stage 
• Inadequacy of building products, materials and 

components including evaluation of their suitability of 
fitness for purpose. 

• Inadequate contract documentation 

• Inadequate trade skills and supervision on site 
• Lack of co-operation and sharing of responsibility on 

site. 
 
Government initiatives 
The public reaction to the Hunn Report, coupled with a 
subsequent government select committee investigation 
and report in late 2002 was such that the Government 

had to move swiftly to put in place procedures designed 
to restore public confidence in a much-maligned building 
industry. These in brief include the formation of the 
Weathertight Homes Resolution Service, a service 
designed to mediate and if necessary adjudicate 
homeowners into a satisfactory resolution of claims 
involving leaking buildings.  
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Additional initiatives included the movement of the BIA, a 
crown entity, from its home within the Internal Affairs 
ministry to the more proactive and better performing 
Ministry of Economic Development. Government 

intentions to tighten up controls associated with Building 
Design and Construction were signalled in March 2003 
through this ministry, culminating in the introduction into 
Parliament in August 29th 2003 of the Building Bill. This 
legislation indicates an intent to tighten up all aspects of 
the regulatory framework and introduce a (long overdue?) 
new level of scrutiny into the building consent and 
inspection processes, more information on standards 

buildings are expected to meet and additional guidance 
on how these standards can be met. The bill also 
attempts to address the need for more capable people 
undertaking building design, construction and building 
inspections. 
 
Proposed changes to Acceptable Solution B2/AS1 
At the core of the debate and the main focus of this 

paper, was the intention within the proposed changes to 
the Durability document (B2 of the Building Code) to 
severely limit the use of untreated timbers. This marked 
a significant retreat for the BIA, which in 1996 permitted 
the use of untreated pinus radiata within all parts of the 
timber framed building, co-incidentally, as the UNITEC 
survey indicated, as deficiencies of new cladding 
systems and installation practices were only starting to 

become apparent.  
In June 2003 the BIA presented the industry with draft 
proposals for a change to the durability aspects of the 
Building Code, specifically changes to the acceptable 
solution B2/AS1[3]. The proposed changes were (to 
quote): 
• Address concerns identified in the Report of the 

Overgroup Group on the Weathertightness of Buildings 
(Hunn Report) regarding the durability of timber used in 

domestic construction 
• Address concerns raised regarding the durability of 

timber treated with Light Organic Solvent Preservative 
(LOSP) 

• Resolve issues around the identification treatments 
used for Radiata pine” 

 

SUMMARY OF PROPOSED CHANGES  
 
The changes proposed can be summarised as follows: 

• All framing used in residential construction to have a 
minimum treatment level of H1.2 

This proposal was far ranging and effectively removed 
the possibility of used kiln dried Radiata pine and other 
non-treatable timbers such as Douglas Fir from their use 
within wall and roof framing, even where kept dry. It 
introduced a new level of treatment H1.2 (insect plus 
fungicide) for timbers throughout the building against the 

current minimum of H1 treated (insect treatment only) 
currently possible for all exterior and interior framing 
Radiata pine or Corsican pine not kiln dried.  
• The minimum level of treatment required for parapets 

and balconies exposed to the weather or covered by 
cladding, and for all cantilevered parapets, balconies or 
decks will be H3 

The current regime saw no distinction between interior 

walls, exterior walls or high hazard exterior situations 
(such as parapets). As long as the timber was kept dry, 
H1 treated or untreated kiln dried Radiata pine could be 
used throughout.  
• Creation of several new Hazard classes. 
The present range of hazard classes H1, H3, H4, H5, H6 
was to be supplemented with additional levels of 

protection at the H1 and H3 levels viz H1.1 and H1.2, 
and H3.1 and H3.2. These additional categories were 
designed to clarify distinctions between Light Organic 
Solvent preservatives (LOSP) and the other more 

traditional forms of preservative. 
 

SUBMISSION ANALYSIS 
 
As can be imagined for a country traditionally committed 
to timber frame construction, the BIA’s proposals 
generated considerable debate within the building 
industry in New Zealand. Over 300 submission were 
received. 
This paper’s interest lies in summarizing the views of the 

various stakeholders and identifying issues that were 
dominant across all the sector groups, based on 
research undertaken by Glen Frost, a senior student at 
the Unitec School of Architecture, NZ [6] 
Interestingly and understandably, the building industry 
sector most connected with the day to day running of the 
Building Code, and arguably those most under siege 
from the angry homeowners (Territorial Authorities and 

the Private Building Certifiers), were the groups most 
supportive of the tightening up of the timber treatment 
regulations. (Figure 2) The most critical stance came 
from the professional sector, builders and the timber 
retailers. That said, the graph indicates all the sector 
groups saw advantages in some aspects of the proposed 
reforms.  
 

 
Figure 2: B2/AS1 (Timber). Analysis of submissions 

 
Analysis by building industry sector of the dominant 

issues presented as submissions on B2/AS1 (Timber 
treatment) 
Whilst the submissions were broad ranging several 
issues came to the fore and the attention each issue 
received makes for interesting analysis.  
1) Douglas fir 
Disagreement with how the proposed changes would 
affect the use of Douglas Fir and the Douglas Fire Sector 

of New Zealand’s timber industry was amongst the top 
three reasons for opposing the proposed changes in all 
groups, and was the top reason overall for objections to 
the changes. (Figure 3) 
Many submissions supported the continued use of 
Douglas fir and argued the species characteristics which 
make it a favourable framing timber over other species 
such as Radiata pine. Frequently mentioned was the 

good performance record of the species in NZ, and the 
effects the proposed changes would have on small 
communities and businesses and the industry at large, 
such as job losses, business closures and instant 
devaluation of investments in the species. Many also 
noted that Douglas fir is the highest traded timber in the 
world, and in similar environments overseas is 
successfully used as it has been here to date. Many 

submissions questioned shy the shortcomings of 
untreated kiln-dried radiata have led to the wide-spread 
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belief that all untreated timber are bad. These 
submissions suggested that the proposed treatment 
requirements be applied to radiata only, while all other 
timbers should be assessed in terms of their own 

qualities.  
 

 
Figure 3: Percentage of issues of Most Concern 

 

 
Figure 4: Sector concern: Douglas fir. 

 
Figure 4 indicates apprehension about the restricted use 
of Douglas Fir in housing is spread evenly across all the 
sector groups, with most concern evident amongst 
engineers (concerned about the loss of an important 
structural timber) and timber producers, concerned about 
loss of jobs and infrastructure.  
2) Issues connected with poor building practice: 

Many of the submission contented that the changes 
would not in themselves rectify poor construction 
practices and hence were unjustified. Issues included 
assertions of a collaborative failure of the industry and 
community at large, from poor design, under-skilled 
builders, faulty cladding/products/systems, poor 
certification and inspection, poor education in all areas, 
and the attitude of those commissioning buildings 

(predominantly developers and individuals) that the less 
money they part with the better.  
 

 
Figure 5: Concerns related to poor construction practices 

Ironically one reason for the changes being so sweeping 
was an acknowledgement by the BIA of poor 
construction practices and the perceived inability of site 
managers to discern more complex restrictions across 

the timber species on site. Whilst improved identification 
of timber through branding and dyeing were generally 
accepted as a positive step to remedy this, the 
introduction of more treatment categories was seen as a 
more complex move, and hence undermining the BIA 
intentions in this area. 
Concerns in this area were expressed more or less 
evenly across most of the industry sectors. (Figure 5) 

3) Health and environmental concerns 
The level of timber treatment in timber and the level of 
chemical content in houses and resultant effects on 
human health were a key concern, although interestingly 
not right across all industry sector groups. (Figure 6) 
 

 
Figure 6: Environmental concerns 

 
Whilst there appears to be no conclusive evidence that 
timber treatments such as CCA have adverse affects on 
health, there is growing concern in NZ that timber 
treatments are a chemical “time bomb” akin to other past 
experiences, such as asbestos. These issues were of 

most concern to those that came into the most physical 
contact with the timber – builders and timber retailers, 
surprisingly, as these sector groups have often lagged 
behind public opinion in their concern about such issues. 
Of particular concern was the relatively low interest in the 
subject from engineers and, to some extent, from the 
architectural profession.  
4) Concerns over moisture management problems 
(weathertightness) 
 

 
Figure 7: Concern about the inadequacy of the changes 

addressing weathertightness issues 
 
Submissions in this area went to the heart of the debate 

and illustrated the variance of opinion within the building 
industry. On the one hand there were respected research 
institutions, such as Forest Research insisting untreated 
Pinus radiata has no place within the structural timber 
frame, either to the exterior or the interior. To quote: 
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Forest research believes that the risk of decay or insect 
attack during the 50 years of required durability is too 

high to support the use of untreated radiata pine in 
structural applications. [4] 

On the other hand, the submission of the New Zealand 

Institute of Architects insisted: 
There is nothing intrinsically wrong with using untreated 
timber, including untreated radiata pine, in any building or 
housing construction. Most (but not all) timbers need to 

be used in situations where they are kept dry. [The only 
proviso would be that] if green or wet on installation, or if 
occasionally wetted after that, they should be allowed to 

dry out. [5] 

To Mick Hedley, however: 
The required durability for framing is a minimum of 50 
years and to attain this it must be kept permanently dry. 

Forest Research believes this is virtually impossible to 
achieve in any form of timber frame construction as there 
is no guarantee that complete weathertightness can be 

sustained for that time. [4] 

Many submissions indicated there was no need for any 
changes to be made concerning timber treatment. 
Design, detailing and construction quality were the 
reasons that leaks occur causing rot. The timber framing 

behind the cladding is not at fault, it is purely the victim of 
poor construction. Support for this view was strongest 
amongst the timber retailing sector and the Territorial 
Authority and Private Certifier sector. (Figure 7) 
The argument centred along the lines that timber 
treatment is not really an issue when trying to prevent 
timber from rotting, rather proper management of 
moisture is, which, as it is being addressed by proposed 

changes to Acceptable Solution E2/AS1-External 
Moisture, suggests that there is no reason to increase 
timber levels or restrict unnecessarily the use of species 
up until now permitted.  
Many cladding manufacturers tended to support the 
introduction of mandatory timber treatment, in effect 
demonstrating a lack of faith in their systems. As part of 
E2/AS1 it has been proposed that cavities are mandatory 

behind monolithic cladding s as a measure to safeguard 
against leaking. The introduction of cavities was yet 
another reason to question the increasing of timber 
treatment levels. Surely if a cavity was required behind 
“problematic” cladding systems, this should deal with 
moisture problems and timber treatment would not 
necessarily be required. Brick veneer, a successful 
example of cavity construction, had used untreated 
timber for years, and surely the same would result if 

introducing cavities to new cladding systems.  
For this reason may saw changes to both B2/AS1 and 
E2/AS1 to be an overkill when changes to E2/AS1 only 
would be sufficient. Or, viewed from another perspective, 
the BIA personnel responsible for the revision of AS1/B2 
did not believe the proposed modifications to AS1/E2 
would work!  
 

 
Figure 8: Concern over weathertightness issues 

 
These views were strongly supported by timber retailers, 

builders and the general public, and to some extent 
architects and certifiers. It is interesting to note this was 
not a popular topic in the submissions received from 
Cladding manufacturers. (Figure 8) 

5) Scope of Acceptable Solution B2/AS1 
Many submissions questioned why there was a 
distinction between the use of timber in residential and 
commercial buildings (the BIA proposals limited these 
changes to residential scaled timber buildings).  – Why 
should the rules for each be different? These issues 
were particularly important in the submission of 
architects, certifiers, territorial authority’s and engineers. 

(Figure 9) 
 

 
Fig 9: Submissions against B2/AS1 on the basis of 
Narrowness of Scope. 
 

6) Financial/economic concerns. 
Last but not necessarily least were concerns about cost. 
Most sector groups (with the exception of builders, timber 
retailers and territorial authorities) were concerned with 
the cost implications of the proposed changes. Fears 
were expressed that economic problems would result 
from the introduction of increased timber treatment 
requirements. Some believed that foreign markets, such 
as the rapidly expanding Chinese market, would lose 

confidence in using NZ timber.  
 

 
Figure 10: Concerns over cost 

 

SUMMARY OF SECTOR RESPONSES 
 
It was not surprising to find that those who physically 
deal with the production and use of timber in New 
Zealand held similar views; while those responsible for 

following the ensuring the legislation of the Building 
Code is complied with – architects, territorial authorities 
and building Certifiers- generally had other concerns.  
Many concerns were expressed about revisions to 
E2/AS1 External Moisture, under consideration alongside 
those of B2/AS1, the main focus of this paper. 
Understandably, those most focused on timber issues, 
such as the timber retailers and producers, confined 
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themselves to the timber issues closest to their livelihood, 
and virtually ignored issues concerned the wider picture. 
On the other hand, (Figure 11) those whose livelihoods 
depended on the cladding system keeping out water, 

such as the cladding manufacturers and manufactures 
generally, were more focused on issues associated with 
the E2 revisions proposed for the Building Code.  
 

 
Figure 11: Submission focus versus construction sector: 

B2/AS1 and E2/AS1 
 
Those on the other hand, who dealt with both the raw 
product (timber) and the end use installation, such as 

Architects, Engineers and Builders, tended to have 
opinions across both of the clauses under review.  
The Engineers views on B2 were confined to issues 
within their immediate ambit, and the lack of a world view 
was apparent, especially in their lack of concern over 
environmental issues (Fig 6). The effect of increased 
exposure to treatment chemicals was of particular 
concern to builders, timber producers and suppliers, and 

interestingly the cladding manufacturers, the front line 
sectors involved in physically handling the treated 
timbers. It was to be hoped this concern would extend to 
implementing procedures that protected their employers 
from any harmful effects. The effect of treatment 
chemicals on the environment was also a concern, 
particularly in terms of disposal of treated timber and the 

potential for treatment chemicals to leach into the 
environment.  
 

BUILDING INDUSTRY AUTHORITY’S 
RESPONSE OF SUBMISSIONS 
 
The BIA’s response to the submissions was, like many of 

the submissions, a compromise. The single, one size fits 
all approach of the initial proposals that would have 
resulted in only treated Radiata Pine as house framing 
was modified.  Douglas Fir, H1 treated planar gauged 
Radiata pin and the use of kiln dried untreated Radiata 
Pine was reinstated to selected internal wall framing 
areas and the external walls of single storey masonry 
veneer construction.  

The additional Hazard classes remained, with H1.2 the 
dominant external wall framing timber to all areas 
including the previously specified high risk parapet areas, 
which under the original proposals were upgraded to H3. 
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ABSTRACT: Tourism accommodation is an important industry throughout regional Australia, 
particularly in Tasmania. The 3 and 4 star sector of the accommodation industry represents 414,000 
beds out of a total of 565,000 beds; they have the largest total income but have average room returns 
as low as $43 per night. These low returns and a culture of cosmetic renewal rather than renovation, 
has led to regional motels falling behind in visitor satisfaction. This has regional ramifications since 
poor visitor experiences can lead to entire regions losing favour as destinations. More importantly, from 
this papers perspective, motels are not meeting consumer expectations in terms of safety and amenity 
as expressed by the contemporary Building Code of Australia. This paper examines the cost that would 
be placed on the industry if they were required to meet contemporary building codes due to renovation, 
change of use or retrospective legislation. Over one hundred 3-4 star motels in Tasmanian where 
assessed using a number of data sources; 20 where examined in detail using historical building 
application data. They where assessed for construction type, layouts, materials and typology. The 
results show that large percentages of motels would require additional acoustic, fire detection and 
egress works. Up to 30-70% of a typical renovation budget for property could go to just in meeting the 
current building codes rather than improving visitor satisfaction levels. The paper concludes by 
discussing areas for future investigation to avoid potential disincentives of motel renovation. 
 
Conference topic: Social and political issues in architecture 
Key words: motels, accommodation, renovation, Building Code 

 
 

INTRODUCTION 
 
Throughout regional Australia, over the past two 
decades, the state of motel accommodation building 
stock has been declining. Most of these properties are 
over 15 years old, the majority were built in the 1960s 
and 1970s, and there has been little building activity in 
this sector since the early 1990s. Furthermore, tourism 
forecasts have suggested that tourism in regional areas 
will account for much of the increase in Australia’s 
tourism and, if the current trend is to continue, motels will 
provide most of the tourist accommodation in these 
areas. However, poor quality properties that do not meet 
the needs and expectations can damage visitors 
perceptions of an entire region. This problem has been 
recognised by both tourism bodies and governments 
across Australia. Moreover, the national tourism body of 
the Australian motoring organisations, AAA Tourism, has 
recently responded to the increased expectations of 
visitors by reviewing the standards for the AAA Tourism 
Star Ratings and increasing the star rating assessment 
requirements. There is an urgent need for the older 
properties to undergo refurbishment and/or renovation in 
order for them to meet the needs and expectations of the 
increasingly discerning tourist. 
The findings reported in this paper were generated from 
part of a wider Sustainable Tourism CRC (STCRC) 
project, "Reinventing 3 and 4 star motel accommodation 
in regional Australia: the identification of innovative 
strategies to meet visitor needs". . This broader project 
sought to address the problem of motels in regional 
areas of Australia not meeting the expectations of the 
market, to examin the needs and expectations of the 
market, to assess the constraints on motel operators, to 
assess the existing motel stock and propose innovative 

and practical ways in which existing properties could be 
upgraded to the desired standard. In this paper the focus 
is on the constraints that motel operators’ face when 
embarking on motel renovation and which follow 
codification of relevant building activities or changes to 
the current building codes. 
While three and 4 star accommodation properties 
represent 414,000 beds out of the 565,000 beds in the 
entire accommodation industry of Australia and the 
sector has the largest total income, the average takings 
per room, in first quarter 2004 were as low as $46 per 
available night for 3 star properties and $80 for 4 star 
properties (ABS 2004). As a result, these low returns 
have restricted capital available for reinvestment in the 
properties and have subsequently led to an increasing 
downgrading of property quality, particularly in regional 
Australia. Further compounding the problem, the cost of 
renovation, particularly involving structural change to the 
building, may be significantly increased by the 
requirements to meet new building codes that were 
brought in and/or amended after the properties were 
constructed. The aim of this paper therefore, is to 
explore this issue in relation to the likely increased costs 
and their implications for motel operators. 
The decline in quality of accommodation properties with 
age has been revealed by the STCRC project carried out 
in Tasmania and regional Victoria and its findings will be 
available as the Technical Report later this year. This 
report will show that there is a direct link between 
property age and star rating, in which properties tend to 
drift downward in quality rather than keep up with the 
contemporary standards. Moreover, at the same time as 
maintenance costs are increasing with the age of a 
property (Ransley and Tyrrell 1998, ISHC 2000) room 
returns tend to fall. The low capital expenditure on 
properties in Australia (and lower again in Tasmania) 
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compared with other western countries, (such as the 
USA), suggests that the problem will get worse before it 
improves (ISHC 2000, ATO 2000, ABS 2000).  
Issued first in 1990, the Building Code of Australia (BCA) 
was adopted progressively by the States, with Tasmania 
among the last to adopt it in 1994. The current building 
code, published in 1996 (ABCB 1996), allowed 
provisions of the BCA to be met by demonstrating 
performance against the objectives, rather than building 
in the manner specified in the code. This current version 
was adopted between 1997 and 1998 in each state and 
territory of Australia. 
State governments in Australia have previously amended 
acts to retrospectively force building operators to 
upgrade their buildings in order for them to meet current 
building codes. These legislative changes have generally 
been instituted for multiple occupancy buildings such as 
backpacker hostels, nursing homes and similar types of 
buildings, and also introduced after catastrophic events. 
For example the Victorian Building Act (1993) require 
Class 3 residential care buildings, that were built prior to 
1997, to have fire sprinkler upgrades. 
The gradual falling off in compliance with contemporary 
building codes is a matter of great concern, for the 
ageing motel building stock in regional Australia. Whilst 
the building codes in place at the time of construction of 
a property still apply, they only do so as long as 
renovations do not involve alterations requiring building 
applications. These changes in legislation, the need to 
interpret these changes in terms of what motel operators 
must do, and the consequent costs in terms of capital 
investment in their properties, when they renovate, is the 
major factor in operator’s decision whether to renovate or 
not. 
 

1. METHODOLOGY 
 
Initially, a qualitative exploratory research was 
undertaken involving an extensive literature search and 
collection of secondary data. This was followed by the 
collection of primary data through an audit of motel 
properties in Tasmania and in-depth interviews of motel 
operators. 
Tasmania was selected as a model for regional Australia 
as the majority of its properties are typical in nature and 
size of regional Australian motels. All 3, 3.5 and 4 star 
properties in Tasmania were reviewed using public 
domain information, supplemented through site visits 
where required. In order to make the result better 
corresponding with the nation-wide industry profile and 
nationally applicable, properties with fewer than 15 
bedrooms or with more than four storeys were removed 
from the data set. The number of rooms and star rating 
data for accommodation in Tasmania were supplied by 
the State tourism body, Tourism Tasmania. The Valuer 
General’s Office supplied construction information, sizes, 
and other property information. 
A total of 102 properties were reviewed using data from 
secondary sources: twenty 3 star properties; fifty 3.5 star 
properties and thirty-two 4 star properties. This 
represents a total of 3660 rooms. A full review of this 
survey and findings will be reported in the STCRC 
Technical Report. Seventeen motel properties in 
Tasmania were visited and examined in detail to ensure 
the accuracy of assessments generated by the 
secondary data. The detailed survey included eight 4 
star properties, seven 3.5 star properties and two 3 star 
properties. These properties were selected because of 
their proximity to the researchers’ base. 
The methodology employed was to take the current 

“average” hotel/motel as a starting point and then to 
determine what additional work would be required to 
meet the current building codes. Cost data were 
obtained for each element using published Australian 
cost guides (Rawlinsons 2003) and include both labour 
and materials. A percentage cost of 10% was added to 
represent builder establishment costs. No assessment 
was made for lost opportunity costs for rooms. The 
average room size was determined using size data 
collected during the study to assist in assessing costs: 
30m

2
 with dimensions of 7.5 x 4.0m; average wall height 

was taken as 2.4m, the industry standard.  
In order to determine the typical expected costs of 
meeting contemporary building codes, three case studies 
were used. The case studies cover the three most typical 
motel scenarios, Case Study 1 — small blocks of rooms 
with four rooms per block, Case Study 2 — a single 
storey block, and Case Study 3 — a single two-level 
block. The key characteristics of each case study are 
listed below in Table 1. 

 
Table 1: Summary of the project’s case study motel 

characteristics. 

Case Study 1:  40 rooms in single level blocks, four rooms per 
block, external entry to all units, three common walls 

Case Study 2: 40 rooms in one single level block, external entries 
to all units, non-compliant glazing to doors and side 
panels. 

Case Study 3: 40 rooms in one two level block, external entries to 
all units, non-compliant egress on upper level entry 
balcony, and non-compliant full glazing to one wall 

 
Furthermore, in-depth interviews of eleven operators/ 
owners of twelve 3-4 star motels were conducted by 
interstate project partners in regional Victoria across the 
south-eastern part of that state. The interviews were 
undertaken on site at each of the motels over a three day 
period in September 2003. The purpose of the interviews 
was to obtain the motel operators’ opinions of the state 
of motel stock in the 3-4 star category in regional 
Australia in terms of condition, age, decor and design, 
what facilities they offer to various types of visitors and 
what the visitors are looking for in terms of physical 
facilities. The enquiry attempted to establish the extent to 
which the properties have been refurbished/renovated in 
the past 5 years and what their operators intended to do 
in the next 5 years. The operators were also asked 
whether they had observed any design trends in motels 
in recent years, what image they perceived the ideal 
motel of the future to have and what type of 
accommodation is the main competitor of motels today. 
 

2. FINDINGS 
 
2.1. Secondary data: review of properties 
It was expected that property ages would reflect the 
major growth periods for tourism in Australia. The 
Industry Commission of Australia states that a surge of 
property developments in the 50’s and early 60’s relates 
to sustained economic prosperity and the onset of the 
motel market. This was followed by another growth 
period in the 1970’s due to an increasing domestic 
market (Tourist accommodation and training 1996). 
Excluding pre-1950 properties, the average construction 
dates for 3, 3.5 and 4 star properties are 1968, 1973 and 
1979 respectively. Thus, from Figure 1, it may be seen 
that star rating is related to property age, with more 
recent properties having higher star ratings and more of 
the older properties having the lower star ratings. This 
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suggests that there is a continual downgrading of 
property quality with age. This finding was correlated by 
building activity statistics (ABS 2003). Over 86% of the 
properties investigated were more than 15 years old, and 
95% were more than 10 years old. It is important to note 
that the construction date of a property will establish the 
building codes that were applicable at the time of 
construction. 

 

 
Figure1: Distribution of construction dates for 3 - 4 star 

properties. 
 

The BCA is a legal regulation and cannot operate 
retrospectively: existing buildings only need to meet the 
building codes in place at the time of construction. Its 
requirements must be met by older buildings only in the 
following circumstances: 
• Change of function; 
• Renovation i.e. works above and beyond regular 

maintenance; 
• Changes to some legislation; 
• Lapse of accommodation licence (Tasmania only). 
Operators or building owners may choose to upgrade at 
any time for risk management or for Occupational Health 
and Safety (OH&S) reasons. The OH&S 
(Commonwealth Employment) Act (1991), places a duty 
of care on employers to provide a safe environment for 
employees. The courts have found that under Common 
Law, a building owner can be held liable for not 
upgrading a building to reflect changes in accepted 
community safety standards. Alterations to meet the 
intentions of the Disability Discrimination Act (1992) may 
also be enforced due to an action by an individual under 
the Act. 
Therefore, most motel renovations that consist of more 
than just changes of finishes, and all alterations that 
require a building application, must meet the current 
building codes. In specific cases, the entire building may 
need to be upgraded as a result of renovation in one 
area. The building surveyor of the local government 
authority issuing the building approval makes this 
determination. For the review of the BCA requirements, 

two of these areas are of prime importance to the motel 
operator: 
1: events that trigger a requirement to upgrade an entire 
accommodation property, and  
2: specific elements of a building that need to be 
upgraded after the event.  
The trigger points for requirements to upgrade an entire 
accommodation property are set out in State-based 
regulations such as the Tasmanian Building Regulations 
(2000). These have been summarised in Table 2. 
 
Table 2: Building Code of Australia general requirements 

for building activities 

New work to 
alter an existing 
building 

All of the work must comply with current building 
codes unless the work is altering less than 25% of 
the building, in which case the original construction 
materials can be used (even if they don’t comply 
with the current BCA) provided that the building 
area does not increase by more than 5% or a 
building surveyor deems that the risk to occupants 
will not be substantially affected. 

New work to  
add extra rooms 
or space to an 
existing building 

In practice all additions will need to comply with 
current building codes. 

Upgrading 
building  

If either the building work encompasses 50% of the 
property area; or if the new work plus the work 
carried out over the previous three years 
encompasses 59% or more of the property area; or 
if there is a significant increase in property value or 
change in the nature of asset due to the alterations 
being made, the entire building needs upgrading to 
the current standards. 

 

2.2. Building issues  
This section examines the components affected if a 
building is required to upgrade to the current building 
code. Discussions were held with both local government 
building surveyors and fire services groups who 
identified a number of building elements that had, in their 
experience, required upgrades or they believed would 
require upgrades if a hotel or motel built prior to 1990 
was to be refurbished.  
The most common and easily assessed building 
elements are: 
• Acoustic separation; 
• Fire protection — egress paths; 
• Fire detection; 
• Stair and balustrade construction; 
• Glazing. 
Access issues are not discussed here because they are 
beyond the scope of this paper. Alterations to comply 
with BCA access regulations are required on the same 
basis as the issues discussed above. 

 
Table 3: Summary of the BCA changes and the number of rooms affected 

Item Part of property effected Date of change Effect on building 
Estimate of units 

effected 

Acoustic separation Walls between sole occupancy units and 
between units and public areas 

1996 & 2004 Common walls require additional 
lining and battening 

95% 

Egress protection - 
doors 

All internal and upper level units 1996? New doors and closers required 34% 

Egress protection - 
windows 

All upper level units in motels where 
access is from gallery corridors 

1996? Non-compliant windows and 
doors to remove and replace 

9.5% 

Fire detection All rooms, halls, habitable spaces 1996 Hard wired fire detectors 
required 

95% 

Stairs and balustrades All upper level units 1992 Non-compliant handrails and 
some balustrades to replace 

23% 

Glazing All full height glass 1996 Non-compliant glass to replace 47% 
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Changes to the BCA and the number of rooms affected 
by those changes are summarised in Table 3. 
 
2.2.1. Acoustic separation 

Prior to 1990 no acoustic control requirements existed. 
This means that any motel built prior to the BCA 1990 
acceptance date (in Tasmania 1 July 1994) may not 
have appropriate acoustic control. In 2004 additional 
sound attenuation requirements were added to the 
codes. 
The assessed wall construction types for the selected 
102 motels are shown in Figure 2. The cavity brick 
common walls are the only ones that will meet the 
current required acoustic control; 93% of the walls in this 
group of properties will not; 13% of the properties could 
not have their wall construction determined. 

 

 
Figure 2. Motel wall construction and Sound 

Transmission Coefficient 
 

2.2.2. Fire protection 
In most cases fire separation between units will already 
meet the current codes. The main area of non-
compliance is an exit route that passes in front of the 
door or window of another unit. The Tasmania Fire 
Services have noted that this is a typical problem for 
motel/hotel refurbishments. In this case, doors are 
required to be solid core 35mm thick and have automatic 
closers. The detailed property survey showed that no 
doors in any of the properties met the automatic closure 
requirements. A total of 14% of units have internal 
access only and will most likely need door upgrades. 

 
Table 4: Summary of Tasmanian motel properties 

requiring fire protection upgrades 
 

Property Description % Properties (N=102) 

Properties with more than 1 floor 48% 

Units on upper level requiring door 
upgrades 

24% 

Number requiring window upgrades 42% of 24% 

Internal access only requiring door 
upgrades 

14% 

 
Windows facing egress paths must be more than 
1500mm above the floor level. The likely occurrence of 
windows opening onto exits was assessed based on the 
floor plan type and the number of levels. A floor plan that 
has living room or bedroom windows on the same wall 
as the entry door, and is on an upper level, will almost 
certainly not meet this fire protection requirement. Since 
24% of all the motel units are on upper and 42 % of 

those appeared to have windows that do not meet 
specific requirements of the BCA. A summary of motel 
properties requiring door and window upgrades in 
Tasmania is provided in Table 4. 
In terms of fire detection, the BCA also requires that 
each unit, be provided with mains powered smoke 
alarms and/or smoke detectors. Most pre-1996 buildings 
do not have a hard wired smoke alarm system unless 
they are over 3 levels in height. 
 
2.2.3. Stairs hand rails and balustrades 
In 1996 handrail heights requirements were altered to be 
1000mm above the floor. Almost all pre-1996 buildings 
would have the reduced height of 900mm above floor 
level. In addition, the allowable opening sizes in 
balustrades were altered to 125mm from 150mm. Stair 
handrail heights and design requirements altered at the 
same time. Almost all upper level units will need 
balustrade and stair handrail upgrades. The number of 
cases where balustrades need modifications is estimated 
as 50% of all properties. 
 
2.2.4. Glazing 
Property owners with glass installed prior to the release 
of the Australian Standard AS1288 (1994) may be 
exposing themselves to greater risk of litigation and 
damages if glass on their property is found to be unsafe 
or non-compliant with mandated Standards. For 
example, in Thomson versus SA Housing Trust case, a 
woman was awarded nearly $24,000 compensation, as 
the court found that the owner-operator, the South 
Australian Housing Trust, had not provided current 
Australian Standards glass (Thomson v SA Housing 
Trust 1996). It is likely that many older hotels and motels 
will have glass, particularly in units that have entire walls 
glazed, which will need replacement. It is estimated that 
this will apply to 50% of all properties. 
 

3. ANALYSIS OF EXPECTED COSTS 
 
Research done prior to implementation of the current 
regulations determined that increased acoustic 
separation codes would require the creation of a cavity 
and the addition of sound rating material to both sides of 
common walls. Where a wall bounds a public corridor, 
the wall will need acoustic treatment as well. In an 
impact statement the Australian Building Codes Board 
estimated that the marginal cost of additional wall 
treatment to comply with the upgraded BCA code would 
be at around $85 per 1m

2
 depending on the wall type 

(Proposal to change... 2002). 
Windows that require removal and replacement to 
comply with the egress safety requirements of the 
building code will prove to be the most difficult to correct. 
In many cases it may be impossible to relocate windows. 
The estimate was calculated by assuming that the 
window can be altered or relocated without any 
additional external or internal works. 
Fire detection requires the “wiring in” of thermal or 
smoke detectors into the ceiling of every room and 
hallway. The estimate is valid where easy access to 
wiring is available. However, exposed concrete soffits of 
the floors above and exposed brick or block walls may 
make this a much more costly installation. 
The estimate for handrails per room assumes a 4m 
frontage of balustrade to upper level. Balustrade and 
stair costs are estimated in the same way. An 
assumption of 1 stair per 10 upper level units has been 
made.  
Re-glazing cost estimates were based on assumption of 
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reusing the existing frames. 
The results of calculations for the three case studies are 
summarised in Table 5. They show that building type will 
have widely different impacts on cost. The cost depends 
specifically on building characteristics and the degree to 
which the building has been upgraded or maintained in 
the past. A medium level refurbishment (that is 
replacement of finishes, refurbishment of bathrooms, and 
upgrading of windows and façades) that was planned to 
reposition an establishment in the market or simply to 
upgrade in quality may incur a marginal cost penalty of 
30–70%. The marginal cost difference describes the 
additional cost between the medium level refurbishment 
and the level of refurbishment required to meet the 
current regulations. 

 
Table 5: Summary of case study results: additional costs 

incurred when any renovation triggers the requirement 
for upgrading an entire building 

Element 
Case Study 1 

40 rooms,  
single level,  
4 rooms per 

block 

Case Study 2 
40 rooms,  
one single 
level block 

Case Study 3 
40 rooms, 

in one 2-level 
block 

Acoustic wall 
treatment 

$100,000 $133,000 $133,000 

Fire detection $16,000 $16,000 $16,000 

Non compliant 
egress windows  

NA NA $40,000 

Stairs NA NA $2,000 

Handrails & 
balustrades 

NA NA $5,000 

Non-compliant 
glazing 

NA $32,000 $68,000 

Total for property $116,000 $184,000 $264,000 

Marginal cost 
difference over 

standard 
refurbishment 

32% 51% 74% 

 
The estimate of impact at state (for Tasmania) and 
national levels is summarised in Table 4. It shows a 
potential compliance cost of $16 million for Tasmania 
and $6.4 billion nationally. The impact of this magnitude 
would only eventuate if all properties upgraded were 
required to meet contemporary standards or 
retrospective legislation was imposed covering the 
issues assessed. Nevertheless, all hospitality properties 
will have to comply with the current codes eventually and 
the estimate shown will affect a large proportion of those 
establishments. 
The possible impact has been given greater credibility by 
being consistent with the data obtained through 
interviews of motels operators. They had a range of 
views about why some motels had not been renovated. 
Reasons given included lack of capital available through 
low income from the properties and inability to raise 
tariffs high enough to obtain a suitable return on 
investment. This constitutes the downward spiral that 
occurs when a property has not been regularly 
refurbished in order to maintain tariffs; and as the return 
on investment diminishes through low tariffs, insufficient 
capital is available for refurbishment. They also 
commented that city visitors expect what they get in the 
city but expect to pay less for it in regional areas.  

 

Table 4: Estimated BCA compliance costs for Tasmania 
and for Australia 

Item 

Cost per 
room 

[$] 

Rooms 
affected 

Total cost 
Tasmania 
(Total 3660 

rooms) 
[$Million] 

Total cost 
Australia 

(Total 142,000 
rooms) 

[$Million] 

Wall acoustic 
treatment 

3300 95% 11.47 4451.700 

Solid doors 
and closer 

464 34% 0.58 224.019 

Adjust window 2000 9.5% 0.70 269.800 

Fire detection 400 95% 1.39 539.600 

Handrails 240 23% 0.20 78.384 

Balustrades 380 50% 0.70 269.800 

Stairs 70 23% 0.06 22.862 

Glazing 880 47% 1.51 587.312 

Total 7734  16.61 6,443.47 

 
Refurbishments that the present operators had done 
over the past five years were generally of the type that 
did not require planning permission and so would not 
have incurred additional costs for compliance with 
building codes. Several operators noted that structural 
renovations had been undertaken by previous owners 
involving knocking down walls to combine two or even 
three smaller units to create more spacious 
units/apartments. Renovations planned for the next five 
years generally involved progressive maintenance and 
refurbishment rather than structural change, although a 
small number of operators did indicate that they would 
like, ideally, to provide more spacious and contemporary. 
Design trends observed focussed on timeless designs 
and the “Queensland look”, that is a spacious, light, 
clean look, and using quality materials. Reasons given 
for these trends included higher expectations of visitors, 
their need for space and the space required to “house” 
all the items required to meet the star rating. In 
summary, the motel operators’ ideas of the ideal motel 
included “apartments”, units with space, flexibility with a 
comfortable relaxing atmosphere. Indeed, the description 
comes close to what they considered to be their main 
competition in the region, that is self-contained units and 
serviced apartments. Thus these motel operators’ 
perceptions of the ideal motel and what people are 
looking for do not match their intentions for renovation. 
Further, when the problems raised are examined capital 
expenditure appears to be the major impediment. This 
obstacle is going to be further compounded by the 
necessity to include in the renovation some works that 
would not generate income but are required under the 
building legislation. 
 

CONCLUSIONS AND RECOMMENDATIONS 
 
In this paper approximate estimates have been made for 
3-4 star properties that will be upgrading a sufficient 
proportion of their properties to trigger a full building 
code compliance requirement. From the review of the 
BCA it has been shown that this trigger will most likely 
come about if more than finishes and fittings are altered. 
Given the requirement to upgrade properties to meet 
higher visitor expectations, it is likely that many 
properties fall into this category. These costs will be of 
prominent significance if motel operators decide to meet 
the growing demand for space and apartment-style 
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accommodation.  
In particular, it should be noted that the majority of motel 
units in Australia, unlike their counterparts in New 
Zealand, do not generally have kitchenette facilities and 
for these to be incorporated into motel units structural 
change may be necessary, especially for the motels built 
in the 1960s-1980s. This would require considerable 
capital investment in the property buildings and would 
most likely also incur the additional costs previously 
outlined. These costs would be in addition to the 
opportunity cost of having rooms out of service during 
renovations. 
Thus the cost implications of renovation are high and 
may be a strong disincentive, particularly in the case of 
the typical 2-level motel where the marginal cost 
difference may be 50% or more. This disincentive may 
damage the tourism market in regional areas through low 
visitor satisfaction outcomes. In addition, as the safety of 
properties with respect to the BCA falls, the potential for 
successful litigation against the property owners will 
increase. 
In light of these findings it is recommended that the 
following three areas will need careful investigation. 
• The design of refurbishments and renovations. If a 

motel operator wishes to renovate, then an approach 
needs to be taken that reduces the marginal costs of 
compliance. That is, alterations, modifications or 
additions should be carefully planned to incorporate 
the compliance issues at minimum additional cost. 
Combined with this approach is the need for industry 
or designers to develop performance based 
approaches to the building code that may be more cost 
effective than for the explicit requirements of the code. 
For instance joinery items could be considered as part 
of the sound attenuation strategy. 

• The low capital expenditure in this industry sector. The 
assessment provided in this paper needs to be verified 
through careful surveys and other methods to see if 
there is systematic under-funding of capital 
expenditure.  

• The third area is that of State or nationally based 
support. If the properties in a region fall well below 
expectations then the tourism industry will decline and 

returns per room will also continue to decline as 
properties downgrade. Support from government to 
assist in funding the marginal cost difference between 
upgrade and compliance could be argued as 
supporting the tourism industry and the region. 
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ABSTRACT: Environmental assessment of buildings typically focuses on operational energy 
consumption in an attempt to minimise building energy consumption. Whilst the operation of Australian 
buildings accounts for around 20% of total energy consumption nationally, the energy embodied in 
these buildings represents up to 20 times their annual operational energy. Many previous studies, now 
shown to be incomplete in system boundary or unreliable, have provided much lower values for the 
embodied energy of buildings and their products. Many of these studies have used traditional 
embodied energy analysis methods, such as process analysis and input-output (I-O) analysis. More 
recently, hybrid embodied energy analysis methods have been developed, combining these two 
traditional methods. These hybrid methods need to be compared and validated, as these too have 
been considered to have several limitations. 
This paper aims to evaluate a recently developed hybrid method for the embodied energy analysis of 
the Australian construction industry, relative to traditional methods. Recent improvements to this hybrid 
method include the use of more recent I-O data and the inclusion of capital energy data. These 
significant systemic changes mean that a previous assessment of the methods needs to be reviewed. 
It was found that the incompleteness associated with process analysis has increased from 49% to 
87%. These findings suggest that current best-practice methods of embodied energy analysis are 
sufficiently accurate for most typical applications. This finding is strengthened by recent improvements 
to the I-O model. 
 
Conference theme: Architecture and the environment 
Keywords: buildings, embodied energy analysis, input-output analysis, hybrid analysis  
 

 

INTRODUCTION 
 
Whilst the operational energy consumption of buildings 
accounts for the highest proportion of the total energy 
consumed in the physical life cycle of a building, there is 
a considerable amount of energy that is consumed in the 
other stages of a building’s life. These stages include the 
extraction of raw materials; processing of raw materials; 
manufacture of building materials and products; 
construction of the building; maintenance; refurbishment; 
demolition; and disposal. These stages incorporate the 
embodied energy of the building. Many previous studies 
have shown that the embodied energy portion of a 
building’s life cycle energy consumption can account for 
a significant portion of the total life cycle energy 
consumption of a building. There is therefore a need to 
assess the life cycle energy consumption of buildings 
and building products in order to determine the areas in 
which the majority of this energy is being consumed and 
where and how a reduction is possible. 
Traditional methods of quantifying embodied energy, 
namely process analysis and I-O analysis, have been 
shown to have significant limitations, despite the different 
benefits each method offers. The most important stage of 
an embodied energy analysis is the quantification of the 
inputs to the product or system. Traditionally, a boundary 
has been drawn around the quantification of inputs to the 
product being assessed, mainly due to difficulties in 
obtaining necessary data and the understanding of this 
data. Many inputs are therefore neglected in the 
quantification of inputs to a product, and thus the system 
boundary is incomplete. These inputs are often 
incorrectly assumed to be negligible. 

Due to the inherent problems with process analysis and 
I-O analysis, hybrid methods of embodied energy 
analysis have been developed in an attempt to minimise 
the limitations and errors of these traditional methods. 
Hybrid methods combine both process data and I-O data 
in a variety of formats. Few attempts have been made to 
validate particularly recently developed hybrid embodied 
energy analysis methods, relative to traditional methods. 
Therefore the aim of this paper is to evaluate a recently 
developed hybrid method for the embodied energy 
analysis of the Australian construction industry, relative 
to traditional methods, considering recent improvements 
to this method. 
 

1. BACKGROUND 
 
The embodied energy of an entire building, or an item, or 
a basic material in a building, comprises direct and 
indirect energy. Indirect energy is used to create the 
inputs of goods and services to the main process, 
whereas direct energy is that used directly for the main 
process, whether it is the construction of the building, 
product assembly, or material manufacture (Figure 1). 
 

stage 0 stage 1 ...

upstream

stage 2 stage!

direct energy indirect energy

direct energy direct energydirect energydirect energy

main process productsproductsproducts

Source: after Boustead and Hancock, 1979 

Figure 1: Embodied energy analysis system boundary 
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1.1 Embodied energy analysis methods 
The accuracy and level of comprehensiveness 
associated with an embodied energy analysis is 
dependent on which of the main analysis methods is 
chosen: process analysis, I-O analysis or hybrid analysis 
(Treloar 1997). The two base methods of embodied 
energy analysis are susceptible to different types of 
errors and have different benefits. The most widely used 
of these methods, process analysis, can be significantly 
incomplete. Results of studies by Bullard, Penner and 
Pilati (1978), Miller and Blair (1985), Peet and Baines 
(1986) and Lenzen and Dey (2000) have proved that 
even extensive process-based inventories do not 
achieve sufficient system completeness. This is primarily 
due to the complexity of the upstream requirements for 
goods and services (Lave et al. 1995). The magnitude of 
the incompleteness varies with the type of product or 
process and depth of study but can be 50% or more 
(Treloar 1997, Lenzen 2001a). These errors can be 
exacerbated as more and more process analysis data is 
collected, due to the flawed paradigm. 
The incompleteness associated with process analysis 
can be improved with the use of I-O data. The second 
base method of embodied energy analysis is I-O 
analysis. This method uses national average I-O data for 
each sector of the economy and is considered by many 
researchers to be more comprehensive than process 
analysis (eg. inter alia, Treloar 1997, Lenzen 2001a, 
Lave et al. 1995). This method has a systemically 
complete system boundary, which can therefore 
potentially solve the major drawback of the process 
analysis method. However, I-O analysis is generally used 
as a black box, with no understanding of the composition 
values being assumed in the model for each process. 
Also, because they are based on many inherent 
assumptions appropriate for national modelling, even a 
perfect I-O model may not lead to valid results for a 
particular product (Suh 2000, Carnegie Mellon University 
2002). For this reason, the I-O model should initially be 
seen as a scoping tool and secondly as an estimation 
method for missing data from the process analysis 
method. While I-O analysis is systemically complete, 
some I-O systems are inappropriately constructed, and 
may leave out significant aspects of the economy (for 
example, capital investment, Lenzen 2001a). Some of 
the other main limitations of I-O analysis are detailed by 
Miller and Blair (1985) and Lenzen (2001a) and include: 
homogeneity assumption, proportionality assumption, 
sector classification and aggregation. 
Hybrid techniques attempt to combine the benefits of 
both base methods, while minimising their respective 
limitations. Process-based hybrid analysis (after Bullard, 
Penner and Pilati 1978) is almost exclusively based on 
incomplete process analysis data, suffering similar 
limitations to those outlined above for the two base 
embodied energy analysis methods (Treloar 1997). The 
I-O systemic completeness is only applied to the 
components of the model upstream from the process 
analysis data. Downstream and horizontal 
incompleteness can still occur, to significant levels. To 
some extent, these errors can therefore be compounded, 
despite the practitioner’s or researcher’s best efforts to 
minimise them. 
I-O-based hybrid analysis combines process data and I-
O data in a different way to process-based hybrid 
analysis, in order to exclude downstream and horizontal 
incompleteness. The direct inputs to a specific product or 
process being studied are calculated using process 
analysis. Further upstream indirect processes are 
accounted for by either further applications of process 

analysis or I-O analysis when the process analysis data 
is unavailable or is considered too time consuming to 
collect relative to the significance of the process in 
question (Treloar 1997). The I-O model is disaggregated 
to allow the inputs for which process analysis data is 
available to be subtracted, leaving a remainder that can 
be applied to the study to fill all the remaining gaps (as 
demonstrated in Treloar, Love and Holt 2001). 
The energy inputs required through the manufacture of 
machinery and other capital equipment has always been 
ignored in embodied energy analysis studies. This is due 
to the difficulty in determining the time that the equipment 
was used in production for amortising these inputs 
(Alcorn 1997) and in calculating the inputs embodied in 
products through the purchase and use of capital 
equipment. These inputs are as much a part of a 
product’s life cycle as is any other direct or indirect input. 
Lenzen (2001b) and Gorree et al. (2002) have estimated 
that capital inputs may account for between 10 and 17% 
of the total inputs of an embodied energy analysis of any 
product. Unlike previous embodied energy analysis 
methods, the inclusion of capital input data in the I-O 
model used in this study provides a more comprehensive 
assessment of the energy embodied in particular 
products. 
 
1.2 Previous embodied energy studies of buildings 
and building related products 

In the past, embodied energy studies have been 
performed on a number of building types, including 
commercial, residential and recreational, and building 
related products, including, but not limited to, washing 
machines and other household appliances, hot water 
systems and photovoltaic systems. These studies have 
used the range of methods outlined above, and thus, 
depending on which method has been used, end up with 
varying and, in some cases, conflicting results. 
An individual residential building embodies approximately 
2000 gigajoules (GJ) (Treloar, Love and Holt 2001). 
Previous studies, now shown to be incomplete in system 
boundary, have shown significantly lower values (for 
example, Hill 1978, Bekker 1982, Baird and Chan 1983, 
Lawson 1996, Adalberth 1997, Pullen 2000, Fay, Treloar 
and Iyer-Raniga 2000). The values from these studies 
are at most around half of that figure given by Treloar, 
Love and Holt (2001). This trend does not necessarily 
suggest that the energy intensity of material manufacture 
is increasing, nor is it a factor of increasing house area. 
The fundamental cause of the difference in values is 
often the use of different embodied energy analysis 
methods. Therefore, this suggests that a comparison of 
methods is required. 
The I-O-based hybrid analysis method proposed by 
Treloar (1997) has been used in several life cycle and 
embodied energy studies (Crawford and Treloar 2004, 
Crawford, Treloar, and Bazilian 2002), which have 
demonstrated the possible significance of the choice of 
embodied energy analysis methods. An evaluation of this 
I-O-based hybrid analysis method has previously been 
performed (Crawford and Treloar 2003). This I-O-based 
hybrid analysis method is currently preferred, but has yet 
to be evaluated against other embodied energy analysis 
methods since recent improvements to the method have 
occurred. 
 
1.3 Evaluation techniques 
Previously, researchers have used a number of 
techniques to evaluate the various methods of embodied 
energy analysis. These have included error analysis 
(various types, including truncation error analysis), gap 
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analysis and a comparative analysis (Treloar 1997, 
Lenzen 2001a). Error analysis is used to assess the error 
associated with the use of I-O data (Lenzen 2001a). 
Truncation error analysis is used to assess the extent of 
incompleteness associated with the use of process 
analysis data in a process-based hybrid analysis context 
(Bullard, Penner and Pilati 1978). The different forms of 
error analysis are used to evaluate the initial data inputs, 
however often these are so complex that the sum of the 
effects of the errors in a national I-O model can be quite 
different when applied to an individual product. This 
process can then introduce further errors, which are 
often ignored. 
More recently, other methods have been developed to 
overcome this limitation in error analysis by focussing on 
the outputs of the embodied energy analysis methods. 
Gap analysis is used to assess the difference between 
process analysis results and hybrid analysis results, as 
an evaluation of the completeness of each method 
(Treloar 1997). A comparative analysis is used to 
compare the I-O values for the process analysis 
components that are used in an I-O-based hybrid 
analysis as a measure of the reliability associated with 
the I-O data (Treloar 1997). These last two methods are 
best used together to evaluate and compare embodied 
energy analysis methods. 
This leads to a number of questions to be answered in 
the remainder of this paper: 
1. Is the I-O-based hybrid analysis method the most 
comprehensive of the embodied energy analysis 
methods currently available? 
2. Are capital energy inputs a significant contributor to 
the total embodied energy of buildings and related 
products?  
 

2. METHOD 
 
The need to test the I-O-based hybrid embodied energy 
analysis method comes about by the compounding 
errors evident in the process-based hybrid analysis 
method. In order to evaluate the I-O-based hybrid 
analysis method, to provide a more accurate 
representation its associated completeness and 
reliability, the results from this embodied energy analysis 
method were compared to the results from traditional and 
other hybrid embodied energy analysis methods. Each of 
these methods was applied to a range of building types 
and products. The steps involved in each of the 
embodied energy analysis methods are detailed below. 
Each method is described separately, even though the 
hybrid methods involve the use of the methods described 
before each of them. In other words, for an I-O-based 
hybrid analysis, these method descriptions can also be 
seen as the four main steps to this analysis (Figure 2). 
 

 
 
Figure 2: Outline of method for I-O-based hybrid analysis 
 
2.1 Process analysis 
The process analysis involved collecting process specific 
data for the inputs into the product being studied. The 
quantities of material inputs were determined based on 
the architectural plans, specifications, bill of quantities, 
the manufacturers of the various products or through 
assumptions where information was unavailable or 

unknown. The direct inputs of energy into the main 
product and those material inputs (direct energy into 
upstream material inputs are considered as indirect 
energy into the main product) were quantified. A material 
energy intensity database (Grant 2002) was used to 
determine the energy embodied in these material inputs. 
After multiplying these intensities by the material 
quantities, the resultant energy inputs were then 
summed to give the embodied energy using process 
analysis. 
 
2.2 Input-output analysis 

The first step of the I-O analysis was to determine the 
direct and total energy intensities of the appropriate 
sector for the product being studied. National I-O tables, 
produced by the Australian Bureau of Statistics (ABS) 
were combined with national energy data from the 
Australian Bureau of Agricultural and Resource 
Economics (ABARE) to develop an energy-based I-O 
model of the economy. The I-O tables were divided into 
the sectors of the Australian economy (for example: 
‘residential construction’, ‘household appliances’, ‘road 
transport’). Each one of these economic sectors has a 
respective direct energy intensity and total energy 
intensity, both quantified in GJ/$1000 of product, 
representing the amount of energy used directly and in 
total to produce $1000 worth of products from that 
specific sector. It was therefore necessary to determine 
which sector the product being studied belongs to in 
order to determine the total energy intensities to be 
applied to that product. The retail price of the product 
was obtained from the supplier of the product, or if this 
was unavailable, for example for buildings, an estimate 
was made based on literature and/or necessary 
assumptions.  
Traditionally, the consideration of capital inputs, such as 
the machinery used for the manufacture of building 
materials, has been ignored. Recent improvements to 
the I-O model include the consideration of these capital 
inputs, thus providing a more comprehensive and 
complex system boundary than ever before. 
 
2.3 Process-based hybrid analysis 
The quantities of basic materials obtained through the 
process analysis were used as the basis for the process-
based hybrid analysis. For this, a number of hybrid 
material energy intensity figures, combining both process 
and I-O data, were derived, as detailed in Crawford 
(2004). A hybrid energy intensity figure was calculated 
for all of the most common basic materials, such as 
concrete, steel, timber and glass. These figures are 
expressed in GJ/unit (usually t, kg, m

2
, m

3
) of material 

and represent a simplified method of incorporating 
process analysis data into the analysis, giving the 
quantity of energy embodied in, for example, a kilogram 
of that material. 
Once the hybrid material energy intensities had been 
calculated, they were multiplied by the quantities of basic 
materials of the product. These individual material 
embodied energy figures were then summed to obtain 
the embodied energy for the product, using process-
based hybrid analysis. The direct energy component of 
the product was calculated by I-O analysis where a 
process value was unavailable. The direct energy 
intensity figure (GJ/$1000) from the I-O model used in 
the initial I-O analysis was multiplied by the price of the 
product, divided by 1000, to give the quantity of direct 
energy input to the product (GJ/product). 
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2.4 Input-output-based hybrid analysis 
The incompleteness associated with the previous three 
embodied energy analysis methods is overcome by 
using a hybrid method based on I-O tables, increasing 
the completeness of even a process-based hybrid 
analysis. This method is based on the data gathered in 
the process analysis, and uses the figure from the 
process-based hybrid analysis to increase the 
completeness of the embodied energy analysis even 
further. The first step was to extract the inputs from the 
relevant sector of the economy from which the product 
belongs, by using an algorithm developed by Treloar 
(1997) and the energy-based model based on 1996-97 
I-O data. Then from the inputs extracted, the inputs that 
were counted in the process analysis inventory were 
identified. The total energy intensities of each of the 
inputs represented in the process analysis inventory 
were subtracted from the total energy intensity of the 
sector. If a process analysis value was available then the 
relevant input from the input extraction was subtracted 
from the total energy intensity of the sector to avoid 
double counting. The remainder of the unmodified inputs 
(the total energy intensity of the sector minus those 
inputs subtracted, in GJ/$1000) were then multiplied by 
the price of the product ($) and divided by 1000 to give 
the additional embodied energy for the product, in GJ. 
The process-based hybrid analysis embodied energy 
value was then added to this figure, minus the direct 
energy component (as this is included in the remainder 
of unmodified inputs) to give the total embodied energy, 
using I-O-based hybrid analysis. 
 
2.5 Evaluation method 
This section describes the evaluation methods used to 
provide a detailed assessment of the use of the I-O-
based hybrid analysis method, as applied to a range of 
products, components and materials. The evaluation 
methods that were used for the evaluation of the I-O-
based hybrid analysis and other embodied energy 
analysis methods in this study include: 
• gap analysis; and 
• comparative analysis. 
Gap analysis was used to assess the difference between 
the process analysis results and the I-O-based hybrid 
analysis results for each of the case studies. This was 
done by subtracting the equivalent process analysis 
result from the I-O-based hybrid analysis result. The 
purpose of this was to show the increase in the 
embodied energy result obtained through the use of I-O 
data, through the application of the more complete I-O-
based hybrid analysis method. 
This gap was expressed as the percentage of 
completeness of the process analysis result when 
compared to the results from the I-O-based hybrid 
analysis method (Equation 1). 

100!
"

=
IOHA

PAIOHA
GAP           (1) 

Where PA, is the embodied energy of the main product through process 
analysis; and 
IOHA = the embodied energy of the main product through I-O-based 
hybrid analysis. 

A comparative analysis was used to evaluate the 
process analysis and I-O analysis values for the whole 
buildings and products, individual components and 
materials, as a measure of reliability. The I-O analysis 
values were those extracted from the I-O model which 
are, through the process of the I-O-based hybrid 
analysis, substituted with process analysis data. The 
process analysis values were therefore those substituted 
in place of the I-O values. The comparison between I-O 

and process analysis values was then evaluated through 
correlation. 
 
2.6 Case studies 

In order to evaluate the use of the I-O-based hybrid 
analysis method, the evaluation techniques were applied 
to a range of different products, components and 
materials. The case studies selected to evaluate the I-O-
based hybrid analysis method include two commercial 
office buildings, a residential building, a sports centre (all 
located in Melbourne, Australia) and a number of building 
related products including a solar hot water system, 
building integrated photovoltaic system and a washing 
machine. These seven case studies have been 
summarised in Table 1 below. 
 

Table 1: Case study details 
Case 
study 

Description Comments 

1 Commercial building 
8/15 storey, 47 000 m2, concrete frame and precast 
concrete structure 

2 Commercial building 
3 storey, 11 588 m2, steel frame and precast 
concrete structure 

3 Residential building 1 storey, 109 m2, brick veneer 

4 Sports centre 
2 storey, 8 947 m2, steel frame and precast concrete 
structure 

5 Solar hot water system 
Electric boosted, collector area 3.96 m2 (2 x 1.98 
m2), 300L tank, $2 986 

6 Building integrated PVs 75W c:Si modules, 1.26 m2 (2 x 0.63 m2), $ 1560 
7 Washing machine Typical 5kg model, $1 050 

 
Once the I-O-based hybrid analysis and other embodied 
energy analysis methods had been applied to each case 
study and the results of the embodied energy analysis 
determined, the evaluation methods were applied. The 
results obtained from these evaluations were then used 
to determine any advantages to using the I-O-based 
hybrid analysis method over the other embodied energy 
analysis methods. 
 

3. RESULTS AND DISCUSSION 
 
The results of the assessment of the energy embodied in 
each of the case studies, using each of the embodied 
energy analysis methods, are shown below (Table 2). 
These results show both the modified (process analysis) 
and unmodified (I-O analysis) proportions for the 
I-O-based hybrid analysis values. 

Table 2: Embodied energy of case studies for each 
analysis method (GJ/unit) 

I-O-based hybrid analysis 
Case 
study 

PA (a)  
(GJ/m2) 

I-OA  
(GJ/m2) 

PHA  
(GJ/m2) 

Total  
(GJ/m2) (b) 

% PA value 
% I-O value 

(gap) 

1 10.1 16.0 19.4 29.4 34 66 

2 8.0 12.5 17.8 25.8 31 69 

3 6.9 6.4 14.4 17.0 41 59 

4 8.1 11.0 16.0 21.8 37 63 

5 16.1 GJ 64.1 GJ 30.2 GJ 69.4 GJ 23 77 

6 7.9 GJ 25.7 GJ 8.0 GJ 28.6 GJ 28 72 

7 2.4 GJ 22.5 GJ 6.2 GJ 18.8 GJ 13 87 

 
For all of the case studies, besides the residential 
building (3), the process analysis results were lower than 
the respective I-O analysis results. This may be due to 
only a small amount of process data being available for 
these case studies or the price for the individual products 
being higher than the I-O sector average. This reflects 
the views of Lenzen and Dey (2000) who found that 
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process analysis results are consistently lower than 
results calculated using I-O analysis.  
The process-based hybrid analysis results show the 
effect of one method of combining process data and I-O 
data. All of the building case study process-based hybrid 
analysis results are moderately higher than the 
respective I-O analysis results. This may be due to the 
possible underestimation of the price of the buildings 
used in the calculation of the I-O analysis results. This 
may mean that I-O analysis provides a significant 
underestimation of the embodied energy of the buildings 
studied. Therefore, the results of the gap evaluation are 
also likely to be conservative. In contrast, the process-
based hybrid analysis results for the building product 
case studies are significantly lower than the respective I-
O analysis results (Table 2). This may be due to the 
complexity of these products or that only a small amount 
of process data was available. 
The results from the application of the I-O-based hybrid 
analysis to each of the case studies show a significant 
increase above those results from the process-based 
hybrid analysis (Table 2). This was to be expected due to 
the use of I-O data to fill the gaps associated with the 
process-based hybrid analysis method. Most notable is 
that the I-O-based hybrid analysis results are more than 
double the equivalent process-based hybrid analysis 
results for the building product case studies (Table 2). 
The main reason for this may be due to the complexity 
associated with the building products, or that only a small 
amount of process data was available. This possible lack 
of available process data is reflected in the percentage of 
the total I-O-based hybrid analysis results for each case 
study made up of I-O data.  
In comparison to results from the previous evaluation of 
the I-O-based hybrid analysis method (Crawford and 
Treloar 2003), the increased complexity of the I-O model 
and the inclusion of capital input data has resulted in a 
significant increase in the total energy embodied in all of 
the case studies. These increases range from 30% for 
the sports centre case study and up to 176% for the 
washing machine case study. Also, the I-O component, 
or gap, has increased from the 41% and 48% of 
buildings and building products respectively, of the 
previous evaluation. 
 
3.1 Gap analysis 
Table 2 shows the results of the gap analysis for each of 
the case studies. This gap is expressed as the 
percentage of completeness of the process analysis 
result (a) when compared to the I-O-based hybrid 
analysis result (b) (refer to Table 2). The gap between 
the process analysis results and I-O-based hybrid 
analysis results of the building and building product case 
studies ranges from 59% (residential building), and can 
be up to 87% (washing machine) (up from 49% in 
previous assessments, showing the increased 
complexity of the improved model), with an average gap 
across all case studies of 70%. This evaluation has 
shown that traditional process analysis suffers from 
significant incompleteness, and that I-O-based hybrid 
analysis, through its increased complexity, provides a 
more comprehensive evaluation of energy inputs to 
buildings and building products. The incompleteness 
associated with process analysis has been identified by 
Lenzen (2001a) to be in the range of 50%. The results 
obtained from this study support Lenzen, and show that 
this gap is even greater for certain buildings and building 
products, much greater than those previously reported 
(Lave et al. 1995, Lenzen 2001a, Lenzen and Treloar 
2003). 

The gap between the process-based hybrid analysis and 
I-O-based hybrid analysis results ranges from 15-34% for 
the building case studies and 53-72% for the building 
product case studies. The reason for the considerable 
gap in process-based hybrid analysis results is again due 
to the incompleteness associated with the process data. 
The significance of this gap shows that even process-
based hybrid analysis does not always provide a 
comprehensive assessment of the inputs of particular 
products. A breakdown of the gap between process 
analysis and I-O-based hybrid analysis results of the 
material inputs to each product was performed to provide 
a more detailed and less aggregated evaluation than on 
a whole product basis. However, on this more detailed 
level, the gap between traditional process analysis and I-
O-based hybrid analysis results remains significant. 
 
3.2 Comparative analysis 
The results of the comparative analysis for each of the 
case studies are shown in Figure 4. The initial I-O values 
for each case study, including those for the individual 
material inputs, are compared to the modified process 
analysis values of embodied energy to determine the 
validity of the I-O values, against the typically more 
reliable process analysis values. A logarithmic scale is 
used to avoid smaller values being lost for the sake of 
visual comparison. The intent here is to indicate that the 
national average I-O data is not always a perfect model 
for the process analysis data. 
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Figure 4: Comparison of I-O values and process analysis 

values for all case studies, by product and material 
 

With the majority of points being above the bottom-left to 
top-right diagonal (59% of products and materials), the 
initial I-O analysis values are shown to be fairly 
conservative. Based on these results, the use of I-O data 
to fill gaps in the hybrid model is also likely to be 
conservative. While this comparison shows a strong 
correlation for a very small number of materials and 
products (~17%), there is a weak correlation for the 
overwhelming majority of the comparisons (average 
correlation of 0.67), well below what is considered to be 
a strong correlation (0.9). This may be due to problems 
with either form of data, however, I-O data is still likely to 
provide a reasonable model for filling the gaps in 
process-based methods. 
 
3.3 Capital inputs 
Whilst the I-O-based hybrid analysis method evaluated in 
this study has been used for a number of years now, the 
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inclusion of capital inputs (to any method for that matter) 
is only a new development. Previous studies (Crawford 
and Treloar 2003, Crawford 2004) using an I-O model 
based on data exclusive of capital equipment inputs 
showed lower results than those calculated in this current 
study, for the same case studies. Table 3 shows the I-O-
based hybrid analysis results of these previous studies 
and based on these results, the percentage that capital 
inputs contribute to the more recent results. 
 
Table 3: Previous case study results and percentage of 

capital component in current results 

Case study 
Previous IOHA results 

(GJ/unit) 
Current IOHA results 

(GJ/unit) 
% Capital in current 

results 

1 
2 
3 
4 
5 
6 
7 

27.2 
23.6 
13.4 
19.7 
54 
25 
15 

29.4 
25.8 
17.0 
21.8 
69.4 
28.6 
18.8 

7.5 
8.5 
21 
10 
22 
14 
21 

 

This study has shown that capital inputs may account for 
up to 22% of a products embodied energy, with an 
average across the buildings and building products 
looked at in this study, of 15%. This value is reflected by 
the views of Lenzen (2001b) and Gorree et al. (2002), 
who believe that capital inputs account for between 10 
and 17% of total energy inputs of any particular product. 
As capital inputs are rarely accounted for in an embodied 
energy analysis, the exclusion of these inputs is one 
reason for the incompleteness associated with past 
embodied energy studies. The inclusion of capital 
equipment inputs in the I-O model has shown to increase 
the gap between I-O-based hybrid analysis and process 
analysis results even further. 
 

CONCLUSION 
 
In this paper, the main embodied energy analysis 
methods were applied to a range of building types and 
products in order to evaluate a recently developed input-
output-based hybrid embodied energy analysis method. 
It was found that current levels of available process data 
are insufficient. This is evident with gaps of up to 87 and 
72% shown for process analysis and process-based 
hybrid analysis methods respectively. The use of I-O 
data to fill the gaps associated with traditional process 
analysis was evaluated. The comparison between 
equivalent process and I-O values showed that I-O data 
does not provide a very reliable representation of the 
equivalent process values, for material inputs or whole 
products. Therefore, the use of I-O data to account for 
inadequate or missing process data is not very reliable. 
However, as there is currently no other method for filling 
the gaps in traditional process analysis, and as I-O data 
is considered to be more comprehensive than process 
data, with the errors possibly somewhat lower, using I-O 
data to fill the gaps in traditional process analysis 
appears to be better than not using any data at all. This 
appears to be of even greater importance for more 
complex products, such as building related products. 
Whilst previous embodied energy studies have neglected 
to account for capital energy inputs, even those based on 
comprehensive hybrid approaches, this study has shown 
the significance of these capital inputs. Excluding these 
capital inputs from any embodied energy analysis can 
result in underestimates in embodied energy results of 
up to 22%. The inclusion of capital inputs has 

emphasised the incompleteness associated with 
traditional embodied energy analysis methods. 
This study showed that I-O-based hybrid analysis is 
currently the preferred method for the embodied energy 
analysis of Australian buildings and building related 
products due to its superior level of system boundary 
completeness when compared to traditional methods. 
The inclusion of capital inputs has increased the 
suitability of current embodied energy analysis methods. 
Further research includes improving the quantity of 
process data available in order to increase the reliability 
of data inventories. Subsequent re-validation of the input-
output-based hybrid analysis method and the evaluation 
methods used may be necessary in the light of expected 
constant future improvements in data availability. 
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