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Foreword 
 
Architectural science research focuses on the exploration and investigation of issues relating to the physical 
aspects of the built environment as well as the social aspects of its inhabitants, while architectural science 
education focuses on the implementation of the understandings that stem from architectural science research to 
build better environments. The changing natural, economic, political and social climates in which we live bring 
both challenges and opportunities and should confront architectural science researchers and educators to think 
about contemporary issues. The 40th Annual Conference of the Architectural Science Association therefore 
focuses on: “Challenges for architectural science in changing climates”. 
 
These conference proceedings present papers which address a number of issues including: 

- Is our current understanding of building design that will protect the inhabitants from extreme conditions, 
while minimising the impact of the building on the environment, still valid for these changing climates?  

- How should architectural science researchers and educators respond to increased urbanisation, higher 
density living, and increased awareness of sustainable living? 

- What are the new issues that architectural science researchers and educators should now focus? 
- Would applying (what are claimed to be) sustainable design principles be enough to protect and 

guarantee the sustainability of our environment?  
- What are the real impacts on architectural design of applying various design advice, building codes and 

standards, relating to improving the environmental performance of buildings?  
 
All papers published in these proceedings went through rigorous double-blind refereeing processes. Each 
abstract and full paper was reviewed by at least 2 reviewers. Initially we received 105 abstracts by authors 
originated from 22 countries, covering all five major continents. Of these 3 abstracts were rejected and the others 
were invited to submit the full papers. We then received 65 full papers, of these 39 papers were accepted with 
either minor revisions or as is, 25 were accepted with major revisions, and 1 was rejected. In the final stage, of 
the papers requiring major revisions, 6 required further improvements, 8 had to be rejected, 4 were withdrawn by 
the authors, and the others were accepted. 
 
The final 53 papers presented in these proceedings are categorized into a number of topics: 

- building and energy 
- building case studies 
- construction materials 
- digital architecture and digital teaching 
- education for future architects 
- human issues – social, cultural, and 
- indicators of sustainable building and sustainable development. 

 
We hope these proceedings provide a sufficient range of responses to the questions above and become a good 
resource for future debates about the challenges for architectural science in changing climates.  
 
On behalf of the Organising and Scientific Committee I would also like to express our gratitude to all reviewers 
who contributed their time significantly in the review process of the papers.  
 
 
Veronica Soebarto 
Chair, Organising Committee  
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Architecture, ethics, and the theory of responsive 

cohesion 
 
 

Warwick Fox 
 

Centre for Professional Ethics,  
University of Central Lancashire, Preston, UK 

 
 

ABSTRACT: Although architecture tends to be thought of primarily in aesthetic terms, it is in fact 
pervaded by profoundly ethical concerns.  I outline the fledgling field of architecture ethics, proceed to 
outline the basic structure of ethics (i.e., the architecture of ethics, if you like), and then consider how 
the main approaches to ethics might be used to address the main categories of ethical concerns that 
arise when we consider the practice of architecture.  In doing this I pay particular attention to a 
category that presents a unique challenge for ethics as it has developed to date – a category that I 
refer to as that of design fit – and present a new kind of approach to ethics, which I refer to as the 
theory of responsive cohesion, that enables us to address the design fit question (and a great many 
others besides). 
 
Conference theme: Education of future architects 
Keywords: ethics, architecture, built environment, responsive cohesion 
 
 

1. INTRODUCTION 
It is by now almost trite to note that architecture and, more generally, the built, or human-constructed, environment 
has a massive impact on people and the planet.  Not only do the built forms that people live in have profound 
implications for their physical and psychological quality of life but the collective impact of these forms on the 
biophysical environment together with the ways of living that these forms both cater to and shape now rivals other 
forces of nature.  Consider this single example: Herbert Girardet (2000: 19) provides figures that suggest that the 
“ecological footprint” of London, which is to say “the land area required to supply [the city] with food and timber 
products, and to absorb [its] CO2 output via areas of growing vegetation,” is equivalent to approximately 94% of the 
land productive land area of Britain!  And there are, of course, many more large cities in Britain than London (even if 
this might come as a surprise to some Londoners).  In brief, then, it should be obvious that how we design and 
construct our built environments and how we live in them is a question of the first importance not only for the health, 
safety, comfort, and wellbeing of humans themselves but also for the preservation and flourishing of the whole 
nonhuman realm of nature.  The fate of the “green bits” of the planet is now inextricably bound up with – indeed, 
effectively at the mercy of – the future of the “brown bits.” 
 
2. THE ETHICS OF ARCHITECTURE 
It should be clear that one does not have to be an “ethicist” to see that questions regarding what we build, how we 
build, and how we live in what we build raise profound ethical concerns.  However, as Thomas Fisher (2000: 123) 
notes in his thoughtful consideration of the present state of architecture entitled In the Scheme of Things:  

Architecture … has long been viewed as a branch of aesthetics rather than ethics.  If anything, ethics has been 
thought of as applying to architects and not to architecture, to the actions of professionals, not the traits of buildings.  
Yet most people certainly talk as if architecture has an ethical component when we say that a building is good or 
bad …  

Fisher is surely right: the formal discussion of architecture is dominated by an aesthetics framework of reference 
even though it is a fact of common experience that architectural processes and products raise profound ethical 
questions.  In consequence, serious attempts explicitly to address ethical issues associated with architecture and the 
built environment have thus far been few and far between whether we consider approaches to this topic from the 
philosophical side or the design and architecture side.  The study of architecture ethics, the ethics of architecture or, 
more generally, the ethics of the built environment, the ethics of the human-constructed realm, or the ethics of design 
is, therefore, still in its infancy (see Fox 2000a for more on this point as well as a fairly complete listing of the few 
books and paper-length contributions on architecture ethics that preceded that publication).  Fisher himself concludes 
his book by calling for “a conversation about ethics” within the architecture profession. 
 
Why is this important field of architecture ethics so underdeveloped?  On the architecture side, we can cite the fact 
that architects are trained, obviously enough, in architecture, not the formal study of ethics.  Thus, although thoughtful 
architecturally schooled commentators will often gesture in ethical directions in their lectures and writings, these 
gestures are generally viewed from the perspective of formally trained ethicists as amounting to little more than that.  
They are either not explicitly advanced within a developed ethical framework (such as those afforded by the major 
ethical theories) or, in any case, are not systematically argued.  It might also be the case that some architects 
consider ethical issues to boil down to little more than the need to follow one’s “common sense” or comply with – or at 
least not fall foul of – a code of professional conduct such as those developed by the Royal Institute of British 
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Architects (RIBA), the American Institute of Architects (AIA), or the Royal Australian Institute of Architects (RAIA) (all 
of which are obtainable via the websites for these organizations).  Alternatively, it might be the case that architects 
consider some complex ethical issues – including the wider ethical implications of what they do – as too messy to 
explore in detail (“Let’s not open that can of worms”) or as a “luxury we can’t afford” in the context of busy working 
days. 
 
On the philosophical side, we can cite the fact that Western ethics has, at least for all earthly purposes (i.e., setting 
aside any putative duties we have in respect of God), been overwhelmingly focused on our obligations in respect of 
people.  This anthropocentric focus of interest has run from the origins of Western ethics in Athens in the fifth century 
BC, through the Christian dominated period (initiated by the Roman Emperor Constantine in the fourth century) until 
the Renaissance and beyond, and on through the development of the more secular, rationally grounded forms of 
ethics that have characterized philosophical discussions from the eighteenth century to the present.  Indeed, it is only 
since the 1970s that (some) philosophers have begun to devote serious, systematic attention to ethical questions in 
respect of non-human entities such as other sentient beings, living things in general, and ecological systems.  These 
post-1970s developments have gone under the general name environmental ethics.  However, in their concern to 
escape from the anthropocentric legacy of Western ethics, environmental ethicists have, in the main, been 
overwhelmingly concerned with the ethics of the natural environment (including non-human animals and other living 
things) and have largely ignored the built environment.  Thus, just as the non-human world has constituted a major 
blind spot in theorizing associated with traditional, anthropocentrically focused forms of ethics, so the built 
environment has constituted a major blind spot in theorizing associated with the development of environmental ethics 
to date.  The upshot is that the field of environmental ethics has not yet realized the full implications of its own name. 
 
But even if architecture ethics is still in its infancy as a formal field of inquiry, it is undeniable that the actual practice 
and products of architectural practice do issue in a great many ethically relevant concerns.  As Wasserman, Sullivan, 
and Palermo (2000: 31) state in their first-of-its-kind textbook Ethics and the Practice of Architecture: “Architecture, in 
its many manifestations, is as much an ethical discipline as a design discipline.”  Nowhere is this more true than in 
the field of sustainable architecture: achieving a sustainable way of living is clearly not just a technical issue (although 
it is often discussed as if it were) but also (and fundamentally) an ethical one.  As Terry Williamson and Antony 
Radford (2000: 57-58) state: “If ethics deals with the standards by which human actions can be judged right or wrong, 
appropriate or inappropriate, then the notion of a ‘sustainable’ architecture … is fundamentally an ethical issue.”   
 
But what do we really mean when we say that an issue is an “ethical” one?  The most straightforward definition of 
ethics is this: ethics is concerned with the values we should live by.  That is, ethics is not concerned with “values” in 
some vague, wishy-washy sense, such as whether I prefer my hair long or short or whether I prefer blue to green; 
rather, it is centrally concerned with the values that I (and you) should live by, with those values that we are, for 
various reasons, rationally obliged to respect. This central concern of ethics is therefore referred to by philosophers 
as normative ethics, because it is concerned with the norms, or standards, that we ought to meet, or at least strive to 
meet, in our conduct. There is always this obligatory aspect when we talk about ethical values as distinct from other 
kinds of values. 
 
Now, if we think of ethics as being concerned with the values we should live by, then it is helpful to think of the kinds 
of ethical concerns that are raised by the practice of architecture as falling into at least six (not entirely exclusive and 
not always compatible) categories.  I will, for convenience, refer to these categories in my discussion below as the 
“Big Six” of architecture ethics.  These Big Six categories of architecture ethics are: 
 
(i) Basic forms of professional conduct.  This category covers issues that are relevant to professional life in general 
such as honesty, fair dealing, honoring commitments, gaining and maintaining sufficient skills to perform tasks 
competently, respecting and advancing the profession, and so on.  
 
(ii) Physical impact of the product of architectural practice (i.e., a built form of some kind) upon people who have 
direct contact with it (because they live or work in it, use it in other ways, or live close enough to be directly affected 
by it).  Many of these kinds of issues are dealt with these days under the rubric of “health and safety.” 
 
(iii) Psychological impact of the building upon people who have direct contact with it (again, because they live or work 
in it, use it in other ways, or live close enough to be directly affected by it).  This category is concerned with such 
things as whether a building is experienced in a quite straightforward way as, say, drab, dreary, and depressing or 
inspiring and enlivening.  Needless to say, these matters that can affect people’s “quality of life” just as surely as 
those covered in the previous category.   
 
(iv) What we might call cultural fit or symbolic resonance (e.g., building an immigration centre – or any building for 
that matter – in the shape of a swastika would be widely regarded as deeply offensive).  This is distinguishable from 
the previous point in that a building could be experienced as inspiring and enlivening were it not for – or perhaps 
even in spite of – its offensive cultural or symbolic resonances.  
 
(v) Physical impact upon the environment.  This concern is clearly of immense importance to the future of the planet 
and has spawned the burgeoning field of sustainable or “Green” architecture.  
 
(vi) What we might call a building’s design fit, that is, the extent to which a building fits with its natural, social, and 
built contexts when considered purely in terms of its design rather than in terms of its actual physical impact or even 
the preferences that people might have in regard to it.   

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA             2 



 
Having now outlined the Big Six categories of architecture ethics let us move on to consider what we might call the 
architecture of ethics.  What, in brief, is the basic structure of ethical thinking and what can it offer architecture ethics? 
 
3. THE ARCHITECTURE OF ETHICS 
Ethics is generally divided into descriptive ethics, normative ethics, metaethics, and applied ethics.  Descriptive ethics 
simply refers to the descriptive study of the ethical views that people happen to hold. Normative ethics, in contrast, 
refers to arguments for the sorts of norms, goals, or standards that people ought to hold.  As such normative ethics 
lies at the heart of philosophical approaches to ethics and is what most people mean when they use the term “ethics.”  
Metaethics refers to discussion about normative ethics, as opposed to arguments for a substantive normative 
position.  Metaethics covers questions regarding such things as the meaning of ethical terms; how we come by 
knowledge of what is good or bad, right or wrong; and the reality status of ethical values, e.g., do ethical claims have 
an objective basis or only a subjective basis?  Thus, metaethics picks up on the semantic, epistemological, and 
metaphysical issues that arise from normative ethical discussion.  Finally, applied ethics refers to inquiry into the 
application of normative ethical approaches in all manner of specific practical contexts - these range from A to Z 
(abortion, animal experimentation ... business, computing ... journalism, medicine, nursing ... zoos), and from birth to 
death (prenatal testing, obstetrics ... euthanasia and physician assisted suicide).   
 
A systematic exposition of the basics of normative ethics – the heart of ethics – would typically begin by outlining the 
three main approaches to normative ethics:  
 
(i) Ethics that focus on the cultivation of certain qualities of character (formally known as virtue ethics). 
 
(ii) Ethics that focus on the upholding of, or respect for, certain principles (formally known as deontological ethics, 
from deon duty, but a more user-friendly term is principle ethics).  A principle ethics approach is concerned with the 
upholding of, or respect for, certain principles quite independently of the question of whether or not the character of 
moral agents is such that they personally wish to uphold these principles or the question of whether or not upholding 
these principles necessarily leads to the best consequences on each occasion.  
 
(iii) Ethics that focus on obtaining certain kinds of outcomes (formally known as consequentialist ethics, or just 
consequentialism; the best known form of consequentialism is utilitarianism, which enjoins us to maximize the 
general happiness).  
 
David Solomon (1995) has usefully pointed out that these three main approaches to normative ethics can be thought 
of as mapping on to the general structure of action, which can be represented by this simple schema: agent ---> 
action ---> outcome.  If the focus of an ethical approach is on the character of the moral agent, then it constitutes a 
virtue ethics approach; if the focus of the approach is on the rightness of wrongness of certain actions per se, then it 
constitutes a deontological, or principle, ethics approach; and if the focus is on the goodness or bad of certain 
outcomes, then it constitutes a consequentialist approach. 
 
These three main forms of ethics are all highly developed – especially in regard to inter-human ethics – and they can 
all be employed to address the Big Six categories of architecture ethics that I outlined above.  This does not mean 
that we simply crank an ethical handle and get an ethical answer; there is as much disputation in ethical discourse as 
in other high-level forms of discourse.  (That said, this fact of intellectual life should not obscure the fact that, as in 
other high-level forms of discourse, from science to law, there are also substantial areas of agreement.)  Rather, it 
means that we can address ethical questions within systematically developed frameworks of thought that enable us 
to offer well-developed reasons for our views and so enter into reasoned discussion with others.   
 
The three main approaches to normative ethics that I have just outlined clearly open out on to a wide range of 
questions for the ethics of building. For example:  
 
• What kinds of personal qualities of character (or virtues) should planners, designers, architects, and builders 

cultivate?  More generally, what kinds of virtues should people in general cultivate in order to be more sensitive 
to the built environment (and perhaps by implication the natural environment)?  

 
• What kinds of principles should we seek to uphold with respect to the built environment?  
 
• What kinds of outcomes or consequences should we seek to promote with respect to the built environment?   
 
In regard to the Big Six categories of architecture ethics, we can note that established, anthropocentrically focused 
forms of virtue ethics are especially (but not only) applicable to the issues covered by the first category, that is, the 
category of basic forms of professional conduct.  Similarly, established, anthropocentrically focused forms of 
deontological and consequentialist ethics are especially (but not only) applicable to the second, third, and fourth 
categories I have listed above, that is, the categories of direct physical impacts upon people, direct psychological 
impacts upon people, and impacts upon people that are more obviously culturally/symbolically mediated.  The fifth 
category – that of physical impact upon the environment – can be addressed either indirectly by established, 
anthropocentric approaches to ethics (i.e., by focusing on the indirect impact that the built environment has on people 
through its direct impacts upon the wider natural environment) or directly by the approaches that are being developed 
within environmental ethics from animal welfare ethics to life-based ethics to (especially) ecological integrity based 
ethics.   
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At this point, however, a critic might say:  

OK, I can see that the practice of architecture raises a great many kinds of ethically relevant questions, but it turns 
out that these questions can all be dealt with in terms of either established, anthropocentric approaches to ethics or 
the newer approaches being developed in regard to the ethics of the natural environment, so although we need to 
discuss ethical questions concerning architecture, these questions do not confront the field of ethics itself with any 
genuinely new kinds of challenges.  Questions concerning the ethics of architecture are simply reducible to other 
approaches to ethics such as those concerning our obligations in respect of other people, other sentient beings, 
other living things, or ecosystem integrity.  Thus, architecture ethics cannot be thought of as a genuinely 
independent field of inquiry; it is just another field that is ripe for the application of ethical approaches that have 
been or are being developed elsewhere. 

This criticism might have some force were it not for the sixth, design fit category listed above.  If people see a building 
that “sticks out like a sore thumb,” then they will often spontaneously exclaim words to the effect that “There ought to 
be a law against it” (and sometimes there are).  Moreover, even if it turns out that the building has a relatively low 
environmental impact in measurable, physical terms and is, on the whole, accepted by others (e.g., perhaps other 
people “don’t mind it” in part because it provides more car parking space than other buildings or perhaps they take 
some kind of perverse pride in the fact that it has helped to “put the place on the map”) someone might still object to 
this building in principle, on the grounds that its design does not fit its context.  Is this “just” an aesthetic reaction?  Or 
is it a more strongly normatively laden reaction than that – one more appropriately addressed within an ethical 
framework of reference as the expression “There ought to be a law against it” suggests?  
 
I have been concerned with the importance of this design fit issue for some years (Fox 2000b, 2004, 2006a, 2006b) 
in part because I think that the theoretical tools that are required to address it adequately point to a new and better 
form of ethics in general (more on which below).  Tom Spector, author of The Ethical Architect (2001), has also 
recently picked up on (what I am here referring to as) the design fit issue in arguing that the notion of sustainability 
“does not appear to have many, if any, formal implications” and that it is, therefore, quite possible to construct “an 
ugly building … to high sustainability standards” (Spector 2006: 268, 275).  However, in contrast to the ethical 
implications that I see in this problem, Spector (2006: 275) sees it as an aesthetic problem for sustainability (and note 
here how well his comments chime with Fisher’s critically intended observation, quoted earlier, that “Architecture … 
has long been viewed as a branch of aesthetics rather than ethics”): 

[T]here is a certain unease over whether radical sustainability will prove to be a source of an aesthetic, or a source 
of aesthetic dismay – whether it will turn into something that works to block an aesthetic consciousness as much as 
it grounds one.  This unease is reflected in the polite, but tepid, response it receives in the mainstream architectural 
community. 

Thus, we return to the question: Is objecting to a building on the basis of its design fit “just” an aesthetic reaction or is 
it a more strongly normatively laden reaction than that – one more appropriately addressed within an ethical 
framework of reference as the expression “There ought to be a law against it” suggests?  This is a key question for 
the ethics of architecture for this reason: if we agree that the values we should live by (which is to say, the ethics we 
should adopt) are such that we should object to this kind of building regardless of both the preferences of others and 
the (physical) environmental impact of such a building, then it means that the field of architecture ethics does indeed 
address questions that are not reducible to traditional, anthropocentric approaches to ethics or the newer approaches 
being developed in regard to the ethics of the natural environment – or, for that matter, aesthetics, since the 
stipulation that we are concerned with the values we should live by specifies that we are dealing with concerns that 
are, at base, ethical rather than aesthetic, or only aesthetic.  This would mean that architecture ethics would have to 
be considered as a field of inquiry in its own right since it covers issues that cannot be reduced to others that are 
already being addressed by other fields of ethics.  Indeed, it might even be that in tackling this difficult – but 
architecturally central – design fit issue ethicists are forced to develop new approaches to ethics in general.  
 
As it happens, thinking about this design fit issue has been of the first importance to my own development in recent 
years of a new approach to ethics in general.  This approach, which I refer to as the theory of responsive cohesion, 
has profound implications for how we think about architecture, design in general, and a great many other significant 
aspects of our lives.  Here, however, I will restrict myself to outlining those aspects of the theory that are most 
relevant to architecture. 
 
4. THE THEORY OF RESPONSIVE COHESION  
The central thesis of the theory of responsive cohesion is that there is a form of organization that underpins our most 
informed judgments as to what is most valuable.  I refer to this form of organization as responsive cohesion.  
Responsive cohesion can be contrasted with the two forms of organization that lie on either side of it, as it were.  I 
refer to these as fixed cohesion and discohesion (lack of cohesion).  Let me briefly outline what I mean by these three 
forms of organization.   
 
Things can be ordered, organized, hold together, or exhibit cohesion (or not) in any of three main ways.  (Cohesion is 
my preferred term here and it simply means to hold or cling together, from Latin cohaerere, from co- together + 
haerere to cling, adhere.)  These three main forms of cohesion can be thought of as lying along a spectrum of 
possibilities with all manner of gradations in between.   
 
At one extreme, things can, literally or metaphorically, hold or be stuck together in a fixed, rigid, and hence static, or 
at least repetitive, way.  By definition, then, the elements or salient features that constitute them are not responsive to 
each other in any meaningful way; rather, they just hold or are stuck together in a certain way and that’s that.  
Another way of saying this is that their salient features don’t answer to each other in any meaningful way.  (Talking 
about whether things can be said, literally or metaphorically, to “answer” to each other is often an illuminating way of 
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talking about whether they can be said, literally or metaphorically, to be responsive to each other.  The word 
response, from which the adjectival term responsive is derived, itself derives from the Latin responsum, meaning 
answer.)   
 
At the other extreme, things can, literally or metaphorically, simply fail to hold together at all, in which case they do 
not exhibit any cohesion to speak of, they are “all over the place,” there’s “no logic to them,” they’re “completely 
chaotic” (in the conventional rather than more recent, technical, mathematical sense of the term chaos).   
 
Between these extremes lies the region in which things can be said, literally or metaphorically, to hold together (i.e., 
to possess an overall cohesive form of organization), but to hold together in virtue of the ways in which the elements 
or salient features that constitute them are responsive to each other.  In these cases, the elements or salient features 
that constitute things can be said to feed into and play off each other, or answer to each other in various ways, such 
that they generate and maintain a form of organization that is cohesive overall.  Rather than being locked into a fixed, 
rigid, frozen, forced, mechanical or formulaic pattern on the one hand (as with examples of fixed cohesion) or being 
“all over the place” on the other hand (as with examples of discohesion), examples of responsive cohesion have a 
fluid, adaptive, creative, organic, “alive” quality about them. 
 
The theory of responsive cohesion advances the thesis that, in any genuinely open consideration of the matter, it is 
always the example that exemplifies the most responsively cohesive form of organization that is typically judged to be 
the best example of its kind by informed judges – or that (for reasons that I simply can not pursue here for reasons of 
space) ought to be judged to be the best example of its kind (see Fox 2006b: 86-87 for more on this caveat).  I 
therefore argue that responsive cohesion represents the foundational value – the most fundamental general value 
there is – and that we ought, accordingly, to live by, or be guided by, this foundational value to the extent that we 
reasonably can (e.g., by preserving examples of responsive cohesion where we find them, regenerating or creating 
examples of responsive cohesion in and through our chosen undertakings, reflecting and reinforcing this relational 
quality in our judgments and ways of proceeding, and so on).     
 
Even our most informed judgments about what constitutes an informed judgment support the idea of the foundational 
value of responsive cohesion.  Let me illustrate this.  Even if a view holds together internally (i.e., is internally 
cohesive), we do not think that it represents an informed judgment if it is a fixed and dogmatic view (i.e., if it is 
unresponsive to reasons and evidence).  Rather, such a view represents an example of fixed cohesion at the level of 
ideas or judgments.  On the other hand, we do not think that a view that is internally inconsistent or that “doesn’t hold 
together” or “doesn’t add up” represents an informed judgment either.  Rather, such a view represents an example of 
discohesion at the level of ideas or judgments.  Instead, our most informed judgments suggest that an informed 
judgment is precisely a view that both holds together internally and is based on and remains open to reasons and 
evidence (i.e., a view that answers to or is responsive to reasons and evidence).  And a view of this kind is clearly an 
example of responsive cohesion at the level of ideas or judgments. 
 
But the theory of responsive cohesion does not just advance the view that responsive cohesion is the most valuable 
form of organization at the level of our most informed judgments about what constitutes an informed judgment.  
Rather, to repeat, the theory of responsive cohesion advances the thesis that our most informed judgments suggest 
that responsive cohesion is the most valuable form of organization in any area we care to consider.  Let’s quickly 
consider some other examples across realms as broad as science, ethics, psychology, and politics.     
 
In the realms of both science and ethics, informed judges typically consider both rigid adherence to a theory in the 
face of significantly differing reasons and evidence and the complete lack of a theory (such that one lives in a 
“wilderness of single instances”) to represent bad examples of science and ethics.  These two ways of proceeding 
represent examples of fixed cohesion and discohesion, respectively, at the level of theory.  In contrast, good 
procedure in both science and ethics consists in there being a responsive cohesion between theory and observations 
in the case of science and theory and personal moral judgments (or “moral intuitions”) in the case of ethics.   
 
In the realm of psychology, informed judges typically consider a person to be in “good (psychological) shape” when 
there is a responsive cohesion between their thoughts, emotions and desires (i.e., when the various elements of their 
psyche “answer” to each other).  In contrast, we consider a person to be in “bad (psychological) shape” when they 
feel compelled to do the same things in the same ways (we say that they are “stuck in a rut” or “acting like a zombie”) 
or when they seem to be (psychologically) “all over the place,” “a mess,” “crazy,” and so on.  The latter two ways of 
being represent examples of fixed cohesion and discohesion, respectively, at the level of psychological organization. 
 
In the realm of politics, informed judges typically consider that the best forms of politics are those in which there is a 
responsive cohesion between a government and the population it governs, that is, where there are mechanisms in 
place to ensure that the government answers to the people (e.g., through democratic elections, an independent 
judiciary, and a free press) and that people answer to the government (e.g., through the rule of law).  In contrast, 
informed judges typically consider that the worst forms of politics consist in circumstances where ruler(s) dictate to 
the people but are not answerable to them (as in dictatorships) or where there is no government and everyone is a 
“law unto themselves” (anarchy).  Again, the latter two ways of proceeding represent examples of fixed cohesion and 
discohesion, respectively, at the level of political organization.     
 
We can extend this analysis on and on.  What I’m driving at very briefly here is the idea that whatever domain of 
interest we wish to consider – whether it be scientific theories, ethics, psychology, politics, or others such as the arts, 
sports, economics, organizational management, conversations, and so on (even making love) – we will find that it is 
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always the example that most exemplifies the relational quality of responsive cohesion (i.e., the example that most 
holds together by virtue of the mutual responsiveness between its central features) that is typically judged to be the 
best example of its kind by informed judges.  The overall point of this argument is this: if this claim applies in the case 
of every domain of interest we wish to consider, then it points to the conclusion that the relational quality of 
responsive cohesion is (what I refer to as) the foundational value, that is, it is the most basic value we can find.  
Moreover, this claim applies to everything because everything is organized in one way or another, whether we are 
considering a chair or a system of government.   
 
If you follow the drift of what I’m arguing here and are prepared to entertain the idea that perhaps responsive 
cohesion is the most fundamental value there is, the deepest value we can find, then it follows that we should live by 
this value, because the best answer to the question “What value or values should we live by?” is not the 42nd most 
fundamental value we can find or the 57th most fundamental value we can find but rather the most fundamental value 
we can find.  (Indeed, it is worth noting here that the relational quality of responsive cohesion is, in my view, not only 
the most fundamental value we can find but that it even underpins the process of valuing.  This is because the brain 
itself is organized in a responsively cohesive way – there’s no central organizing factor or feature in the brain; rather, 
it is constituted by an astonishingly rich network of neurons and neuronal connections – so even the brain and, thus, 
consciousness and, thus, the very possibility of valuing is underpinned by this feature of responsive cohesion.) 
 
What would it mean to live by the foundational value of responsive cohesion? Well, one important implication is that it 
would lead us to think about things much more in terms of how they fit with their contexts.  Let me explain this 
extremely important point.  When we think about the idea of responsive cohesion further, we can see that we have to 
distinguish between what I refer to as internal responsive cohesion and contextual responsive cohesion.  Let me give 
an example to illustrate what I mean.  Suppose you’ve just put a tremendous amount of work into composing a 
beautiful symphony.  This symphony has a very responsively cohesive structure; the various elements of the 
symphony play into and play off of each other beautifully.  But suppose you then introduce some new bars of music.  
And suppose that although these new bars of music fit together very well and are very beautiful when considered on 
their own, they simply don’t fit with the overall structure of the symphony you’ve composed.  This means that 
although the new bars of music exhibit an internal form of responsive cohesion, because they fit together very well, 
they don’t fit with the contextual responsive cohesion that is represented by the overall symphony.  What are you 
going to do? Well, if you live by the foundational value of responsive cohesion, then the obvious thing to do is to 
reject or modify the smaller ill-fitting new part because if you tried to turn the whole symphony into something that 
would fit with this smaller ill-fitting new part, then you’d be undoing lots of responsive cohesion (namely, the rest of 
the symphony) to fit in with just a small “bit” of responsive cohesion (namely, the smaller ill-fitting part).  Moreover, if 
you modified the whole to fit with the part every time you introduced some new part that didn’t fit (imagine some 
builders doing this in your house!), then you’d be remaking the whole on an ongoing basis.  This would amount to an 
ongoing state of anarchy and so would represent the functional equivalent of discohesion rather than responsive 
cohesion.   
 
The basic message here is that although any individual example of responsive cohesion is a good thing, the widest 
context in which we can locate this form of organization is the best thing.  This means that, on the whole, internal 
versions of responsive cohesion need to be made to fit with contextual forms of responsive cohesion rather than the 
other way around.  This conclusion brings us to a crucial question, namely: What is the widest context of responsive 
cohesion that we can think of for all earthly purposes? Well, it’s the earth itself, sometimes referred to these days as 
Gaia.  The largest example of responsive cohesion we can think of for all earthly purposes is the way in which the 
ecosphere maintains its integrity over time through the mutual responsiveness of its component parts.  Thus, if we 
accept the point that internal versions of responsive cohesion need to be made to fit with contextual forms of 
responsive cohesion rather than the other way around (which itself follows naturally from the conclusion that 
responsive cohesion is the foundational value), then it follows that the internal aspects of our Gaian context, including 
our social, political, and economic arrangements and our manufactured products (including our architectural 
products), should be made responsive to that context, rather than the other way around.   
 
5. IMPLICATIONS OF THE THEORY OF RESPONSIVE COHESION FOR ARCHITECTURE 
The theory of responsive cohesion is considerably more fine-grained than the above statement alone suggests.  This 
is especially obvious when it comes to consideration of the human-constructed realm, which is to say all the material 
artifacts that we design and make, including buildings.  We can see this when we consider the following.  An analysis 
of “what constitutes the context of what” reveals that the biophysical realm of nature constitutes the basic context for 
the development and continuance of the linguistically mediated human social realm, and that the human social realm 
in turn constitutes the basic context for the development and continuance of the human-constructed realm.  (For 
considerably more on the theory of responsive cohesion’s theory of contexts, which I am briefly encapsulating here, 
see Fox 2006b, especially chapter 6.)  When we put this tripartite division of contexts together with the principle that 
examples of responsive cohesion in subsidiary contexts should defer more to examples of responsive cohesion in 
their overarching contexts than vice versa (since this is clearly the best way to preserve and further enhance the 
foundational value of responsive cohesion overall), then it follows that the contextual responsive cohesion of the 
biophysical realm is ultimately more important than the contextual responsive cohesion of the human social realm, 
which, in turn, is ultimately more important than the contextual responsive cohesion of the human-constructed realm.  
Thus, when there are tensions between these different forms of contextual responsive cohesion, as indeed there 
often are, considerations regarding the contextual responsive cohesion of the human-constructed realm should defer 
more to considerations regarding the contextual responsive cohesion of the human social realm than vice versa, and 
considerations regarding the contextual responsive cohesion of the human social realm should defer more to 
considerations regarding the contextual responsive cohesion of the biophysical realm than vice versa.   
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In the context of building this allows us to say to the architect, designer, builder, planner, and so on: 

When you make material things, make them so that they exemplify both contextual and internal responsive 
cohesion. If tough choices have to be made between these two forms of responsive cohesion, then give priority to 
contextual responsive cohesion over internal responsive cohesion. And if tough choices have to be made between 
contextual forms of responsive cohesion themselves then give priority to contextual responsive cohesion with the 
natural realm over the human social realm, and the human social realm over the humanly constructed realm. But on 
no account engage in prioritizing things in any of these ways unless you are confronted with a genuinely forced 
choice. The thing to aim for is responsive cohesion at all levels. To settle for less is actually to settle for a failure of 
design. 

This approach clearly addresses the design fit question.  Among other things, it gives us a basis for objecting to a 
building not only in terms of its failure to be responsive to the physical ecological integrity of its surroundings but also 
in terms of its failure to be responsive to its biophysical, social, and built contexts (in that order of priority) at the more 
intangible level of its design.  Moreover, the basis of this objection is fundamentally an ethical one rather than 
“merely” an aesthetic one because ethics is concerned with the values we should live by and this response proceeds 
from us living by the deepest value we can find, namely, the foundational value of responsive cohesion.  
 
Williamson, Radford, and Bennetts (2003: 128, 130) argue that the implications of the theory of responsive cohesion 
mark a distinct change in terms of the dominant conventions of architectural design and philosophy, and so ought to 
make a considerable difference to the ways in which architects, designers, planners, and builders proceed:  

Fox argues that upholding the principle of responsive cohesion in sustainable architecture entails responding to 
ecological, social and built contexts, in that order of priority (Fox 2000b: 225).  Similarly, architect Paul Pholeros 
characterizes architecture as concerned with place, people and stuff, in that order, which shows agreement about 
priorities between architect and philosopher …  The emphasis on order is important …  The orthodox 
anthropocentric position in both architecture and philosophy would have put the social context ahead of the 
ecological context.  [The authors indicate in a chapter note at this point that “Paul Pholeros says ‘he used to put 
people first,’ but now considers the environmental issues of place to be paramount (personal communication).”  
Although no reference is provided to any published work by Pholeros, it can be seen that the priority ordering that 
the theory of responsive cohesion gives to contextual responsive cohesion over internal (or sub-contextual forms of) 
responsive cohesion explains why Pholeros was right to change his ordering.]  Putting ecological [concerns] first 
illustrates the degree to which environmental concerns have moved to the forefront.  Architecture is most obviously 
manifested in the third concern, the stuff or built context, including the aesthetical tectonics of space and form as 
well as building and landscape materials.  Indeed, conventionally architecture would put concern about stuff first, 
and placing this last in the order corresponds to a view of the issue [that asks] what can architecture mean for 
sustainability rather than vice versa; in other words how can the stuff of architecture be mobilized to advance our 
sustainability objectives for the environment and society (my emphasis).   

It is worth adding here that the contextual priority ordering that emerges from the theory of responsive cohesion’s 
theory of contexts has equally significant implications for many other aspects of our lives as well – think of the design 
(or lack of it) and manufacture not only of the built environment (so much of which is thoroughly dispiriting), but of 
almost everything we use.  
 
My own view is that we will not as a society be sufficiently motivated to design and build in contextually sensitive 
ways (including, but not only, ecologically sensitive ways) until we come to see that the relational quality of 
responsive cohesion actually represents the deepest value there is.  If we collectively come to see this, then we will 
find ourselves far more motivated to engage in the kind of context saturated thinking that the adoption of this 
foundational value brings in its wake and that is clearly crucial to the future of life on earth – both human and non-
human.   
 
If there is a credo, a “take-home message,” of the theory of responsive cohesion, it is this:  

In being responsive to your own goals and desires – that is, in living your life – do what you reasonably can to 
preserve examples of the relational quality of responsive cohesion where you find them, regenerate or create 
examples of it in and through your chosen undertakings, reflect and reinforce it in your judgments and ways of 
proceeding, and so on.   

I hope that architects, designers, planners, builders, and others in the design professions will be persuaded to take 
this message home to their professions.  
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ABSTRACT: In the face of overwhelming evidence that human activity is adversely influencing the ecological 
balance of the earth, and that the built environment and transport account for more than half of the World’s 
energy consumption, and solid and gaseous waste – it is incumbent on those designing our shared future 
environments to do so with great care. [Bruntland 1987]. 
 
Has anyone noticed that the word ‘sustainable’ is missing from the newly coined department for Communities 
and Local Government? Apparently the word is now so ubiquitous it’s an embarrassment to the government. 
Expect to see it disappearing from more official titles soon…[Building Design 19 May 2006]. 
 
The whole issue of sustainability is controversial, and whether or not one believes that humans are the main 
cause of climate change, our profligacy in use of finite resources, from building materials to fossil fuels, 
necessitates that we change our behaviour.  For whatever reason, if the climate continues to change at or 
near the predicted rate this will have significant implications for buildings, so there are other good reasons for 
trying to “be more sustainable”.  If nothing else, all of this will lead to associated legislation with which we will 
all have to comply.   This paper explores the issues involved in adopting a ‘process’ rather than ‘product’ 
based approach to the design and delivery of the built environment and outlines how a current Scottish 
Executive [Sust. 2002] initiative is fostering a new, partnership-based approach to design and construction 
that will better equip professionals to cope with new challenges. 
 
Conference theme: Sustainable development processes 
Keywords: sustainability, partnership, consultation, community, thriving 

 
 

1. BACKGROUND 
 
In pursuit of sustainability, design professionals will be required to transform their existing design practices.  Whereas in 
the past, in the UK, the RIBA Plan of Work [RIBA] as applied by architects provided a methodology that was suitable for 
other members of the design team (structural, civil and building services engineers and quantity surveyors), this plan 
does not facilitate the inclusion of the increasing responsibilities of construction professionals which, post Latham and 
Egan [Latham 1994, Egan 1998, 2002], now range from sustainability and value engineering to changes to construction 
procurement procedures.  The traditional approach relied on the architect to act as the design lead - producing as a 
minimum sketch designs to which the rest of the team would respond, in terms of calculating costs, engineering, etc., 
delivering at the end, a building as an entity or product. Designs evolved through an iterative process and in the past, this 
led to ‘best-fit’ engineered solutions rather than fully integrated developments. This paper contends that in order to 
produce sustainable buildings and environments, there is a need to adopt an integrated, partnership approach to design 
and delivery, involving clients, design, construction and supply teams, but also building users. This view is backed by 
recent post-Egan [NEC 2004] developments in terms of partnering in the construction industry for efficient delivery.   
 
Sustainable development is at the heart of economies Worldwide.  Despite this, and the fact that the majority of public 
buildings are being delivered against design briefs that call for sustainability, the number of sustainable buildings actually 
being delivered is still relatively low.  Even when a project appears to be fully resolved, and the construction process is 
well managed, the outcome is not guaranteed to be ‘sustainable’.  There are many reasons for this, and, while individual 
policies and legislative mechanisms deal with key planning, building form, materials and services issues and with the 
inter-relationships between these and the surrounding environment, there are no universally accepted guidelines to 
assist those designing sustainable developments - notwithstanding the impact of the occupants.  
 
To date, existing design methods have neither been adapted to allow inclusion and consideration of sustainability at the 
appropriate stage in the design process, nor do they facilitate the highlighting of such issues to the appropriate design 
team member at the pertinent time.  Furthermore, in the recent past, as engineering rather than passive solutions 
became the norm, buildings and their systems could (to an extent) be developed without in-depth dialogue between 
design team members, not to mention the ultimate users of the building, rather they were designed to operate with 
minimal human intervention.  
 
As sustainable development assumes a central role in shaping our built environments, the need for meaningful dialogue 
between all parties becomes more evident.  And whether or not designers accept climate change as a phenomenon that 
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is influenced by the impacts of the design, construction and operation of buildings, there is an over-riding need for 
conservation on the grounds of depleting reserves and resultant economic and social factors.  Hence the need for a new 
design and construction approach that makes best use of the available skills of the design team and all others involved in 
order to deliver design solutions that reflect an understanding of the ‘whole’ rather than the ‘part’.  But the issues at stake 
are greater than design and construction alone, and better buildings do not (necessarily) make better lives. 
 
2. WHAT IS SUSTAINABILITY? 
 
2.1.   In 1992 after the UN Conference on Environment and Development in Rio de Janeiro [Rio 1992], the UK signed up 
to the full Brundtland agenda, so why is it, that almost 15 years later, Sustainable Development is still the exception 
rather than the norm? 
 
The problem is not one of a lack or shortage of information, there is a plethora of reference and support material and 
seminars on ‘green design’, ‘low carbon buildings’ and ‘sustainable development’ appear to be unavoidable.  In fact if 
anything, people are suffering from information overload.  Rather, as suggested above, the problem is one of a lack of a 
procedure for integration of emerging sustainability issues into the design process, and the lack of a delivery mechanism.  
 
2.2.  Opportunities for change? 
In the past there have been attempts to ‘tweak’ the existing systems to make allowances for new processes, but these 
efforts have failed, resulting in repetition rather than innovation. This was highlighted as an issue in the Egan report 
Rethinking Construction [Egan 1998], which calls for a radically new approach to the construction process.  It is now 
recognised that a shift in thinking is required to turn ‘joined up thinking’ into  ‘joined up doing’.  To date, much of this work 
has focused on new procurement procedures and new ways of funding, but this is now extending to the setting up of 
trusted partnerships that include clients, funders, design and construction teams, suppliers and building users. The 
reported evidence is that this new ‘partnering’ approach is already breaking down traditional design team/ construction/ 
contractor/ user barriers by adopting a less confrontational and more holistic ‘team-based’ approach.  When first floated, 
the idea was unthinkable, but it is now taking hold of the imagination within the industry.  And although the cynics might 
say that the emphasis has been on driving down costs, with little progress is being made on the sustainability front, this 
‘lean construction approach’ has given sustainability an opportunity to ‘sneak in’, albeit by the back door, e.g. in terms of 
reduced site waste, segregation of materials for recycling and off site prefabrication/ modern methods of construction.  
Admittedly not trail blazing, but a start. However, the approach is such that an informed client can make sure that key 
issues remain on the agenda, and when value engineering/ cost savings have to be undertaken, savings can be made 
with this in mind.  However, this does serve to demonstrate that sustainability still requires a ‘champion’ within the team. 
 
2.3.  Lack of understanding? 
Another key factor is that most of those involved in delivery do not actually know what sustainable development means.  
They may be able to point to a definition, or they may have made clear and practical requests in terms of developing a 
brief, they may even have been on numerous training courses, but few people know how to turn words into actions, or 
what to expect from their sustainable building once delivered. In addition, few building clients or stakeholders fully 
appreciate what they are committing to when they request a sustainable building, and what the impact and demands will 
be on them in terms of the need for continued dedication to realise delivery against expectations and aspirations 
[Scottish Executive 2004]. The reasons for this are numerous – and a few examples are listed here:  
 
2.3.1. Is it that people don’t know what ‘it’ is, or have too simplistic a view of what ‘it’ is?   
A lack of understanding can result in an over simplification of the issues.  And, depending on their priorities, many regard 
Sustainable Development as a single-issue concept, for example, economics: from making a profit, to job creation and 
social inclusion.  Others see ‘it’ as being about environment and/ or energy and others focus on the social aspects.  In 
fact, a sustainable development has three key elements, the ‘tripos’ of sustainable design (Figure 1): in order to be 
successful, a sustainable development has to satisfy environmental, economic and social goals.  A project that brings 
economic gain is often regarded as ‘sustainable’ because it brings jobs for example, but if it impinges negatively on the 
social balance of a neighbourhood or deprives a community of a valuable recreational facility in the process, the knock-
on effects can be catastrophic to an existing community.  Short-term affordability or economic gain does not necessarily 
secure a long-term sustainable future, and in order to make informed choices, the interactions between the three aspects 
of sustainability have to be equally considered.  Although economics is part of the agenda, it has to be weighted 
alongside the other two key factors:  
 
Environmental - what are the wider impacts of a proposed development on: health; the local area (in terms of impact on 
everything from sense of place and community to heritage and biodiversity); and the planet.   And similarly: 
 
Social - what impact will this building have on the community as a whole: will there be long term community benefit; and 
what might be the impact on the local community of changing demographics and reducing amenities (by demolishing a 
school and replacing it with housing for example)?  
 
If on the other hand, a proposed development provides an opportunity to consider economic benefit in terms of 
investment, jobs, social inclusion and to examine energy and environmental issues at the same time, then rather than 
importing materials, from solar panels to timber-kit housing, a community might consider manufacturing its own 
components: generating new life in the local economy and at the same time securing a three-way hit in terms of 
sustainability with all of the other positive implications that go with it. 
 



 
 Work/ Economics
 
 

            Sustainable Development 
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Figure 1: The ‘tripos’ of sustainable development 
 
2.3.2. Misinformation around regarding sustainable development 
The focus is often placed on one aspect of sustainability as suggested above, for example in respect of products, there 
has been a tendency (in the UK at least) for product manufacturers to “greenwash” or “tweak” existing products rather 
than auditing and modifying them to make them truly sustainable.  There is also a tendency to continue to use products 
phased out elsewhere in the World - perhaps due to familiarity. Inevitably, buildings will have social, economic and 
environmental impacts and all those involved in the process of delivery need to ensure (as far as is possible) that the 
outcome at all three of these levels is a positive one.  
 
2.3.3. Failure to ensure that the sustainable design intent is revisited at each stage and carried through 
Sustainable development requires a partnership between the building and its stakeholders that includes re-evaluation of 
each step in the process on numerous occasions along the way. There are therefore many opportunities to allow things 
to slip, particularly between stages in the handover from one party to the next. At any point in the chain, due to lack of 
control or poor communication, if someone ‘takes their eye off the ball’ there is a risk of not seeing things through. 
 
2.3.4. So, what is ‘it’?  And why can’t we just get it right first time? 
Even amongst the green champions there is confusion about what ‘it’ is. Some would argue that to say sustainability is 
about energy is misleading, perhaps because that suggests paying too little attention to the softer aspects such as health 
and social/ socio-economic issues associated with the aforementioned ‘tripos’ of sustainability.  However, it could be 
argued that sustainability is all about energy: from the mental, physical and embodied energy wasted when we get it 
wrong and have to do it again twenty years later, to the energy consumed to construct a building and that which is used 
over its life.  If we get it right, as is evident in our architectural heritage, we can continue to enjoy a building and its 
surrounding environment for generations.  But where is our architectural heritage of the future, and how much of it was 
built in the last 50 years?  In order to ensure that we are actually delivering at handover, a built environment that will 
thrive throughout its lifetime, we need to be able to measure sustainability, and to monitor performance over time.  
 
2.3.5. Product or Process? 

Our built environment – and this includes everything that we as humans make: from buildings, roads, bridges, factories, 
cars, refrigerators, to toys – no matter how aesthetically pleasing, how well designed or made, is simply materials that 
are extracted and taken, often from far off locations, transiently (compared with ecological timeframes) processed, 
manufacture, processing, assembly, construction, operations and consumption often use huge quantities of non-
renewable energy resources, can significantly affect the ecology of its locality and of the biosphere, and whose eventual 
disposal (at the end of their useful life) needs to be accounted and benignly reintegrated back into the biosphere. 
[Yeang 2005].    

 
There is therefore a need to redefine our perception of architecture taking into account current life and afterlife from the 
perspective of both designer and ecologist.  
 
Perhaps the answer to ‘what is sustainable development?’ lies in considering the process of delivery rather than the 
product itself.  A green building regarded in isolation is a “product”, whereas sustainable development is a “process” - a 
methodology, not an entity.  Adopting a process approach facilitates making the connections between buildings and 
places, work and people in order to allow us to begin to define the objectives.  And in so doing, it becomes apparent that 
‘the problem’ may lie in the language of the question itself: the words of the politicians have become meaningless.  So 
taking a step back, from a design and delivery viewpoint, forgetting the jargon, what is it that we are trying to achieve?  
 
2.3.6. How do we define what makes a sustainable built environment? And at what cost? 
In the delivery of our built environment, there is an obsession with price rather than value, and there is a perception that 
sustainable development costs more.  Sustainability can cost, but not as much as is often thought, and when based on 
the whole life of a building, this is often far outweighed by other benefits.  Economies of scale will lower the cost of 
quality as higher standards become common practice. It is important at this juncture, not to confuse expensive ‘techno-
fixes’ with sustainability, but also to remember that everything has a role - from photovoltaics to straw bale construction.  
 
Furthermore, once built, how do you measure performance?  Experience from the UK suggests that designers are not 
good at publicising success, rather they tend to guard such information to retain a competitive edge.  Mistakes or ‘non-
successes’ are also guarded and this reduces the opportunity for us to learn from one another’s experiences.  Most 
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significantly in this respect, there is seldom is enough money set aside for monitoring and post occupancy evaluation of 
projects.  If built-in to the contract, building performance can be monitored relatively easily, allowing comparison of actual 
performance with predicted and to begin to understand the impact of the users.  But this is only part of the story.  It does 
not tell us whether or not the users like the building or the environment, and this is key to the probable longevity of the 
development in terms of sustainability.  And so we go on, making the same mistakes over and over again, because we 
omit the feedback loop.  In order to secure client and design team buy-in there is a need for the development of 
universally accepted tools and benchmarks and reliable, certified methods for measuring whole life performance.  
Otherwise disagreement over which benchmark, which tool, and how long a building will remain ‘useful’ will continue.  
This is currently hampering progress. 
 
2.3.7. The role of consultation  
To achieve an excellent outcome requires a process that incorporates client participation and consultation from the 
outset and throughout delivery, including post occupancy.  A true consultation process develops ownership and positive 
attitudes in users and stakeholders.  And through appropriate consultation, issues associated with sustainability: from 
energy in use, through healthy materials and interaction with the external environment and biodiversity to longevity for 
the building will automatically be considered.  Conversely, a lack of strategic process in consultation undermines our 
belief in the validity of the experience of users [Cunningham 2005]. 
 
2.3.8 An Architecture Policy for Scotland 
In line with governments across the World, the Scottish Executive is operating in a market of policy and strategy as 
opposed to regulation and legislation, while at the same time being tasked with turning ‘joined up thinking’ into ‘joined up 
delivery’.   In 2001, the launch of Scotland’s first ever Policy on Architecture [Scottish Executive 2001, 2005] was seen as 
an acknowledgement of the unique contribution of architecture to Scotland’s cultural life, in terms of: shaping our sense 
of identity; the impact of architecture on our everyday lives; and, in relation to where we have come from, and where we 
are heading in the future.  This initiative, driven by the Executive’s Architecture Policy Unit (APU), is positioned to cut 
across a number of key policy areas, from the architecture of schools and hospitals, to urban and rural regeneration, 
sustainability, environment, climate change, energy and beyond.  Key elements of the policy include: 
 
• the creation of a legacy of better public buildings and neighbourhoods – the built heritage of the future; 
• the creation of a climate in which good design is a pre-requisite – demanded by users of buildings and places; 
• a culture that incorporates sustainable and accessible design as a matter of course; 
• creation of a better understanding of the importance of a legacy of good design in relation to our future as a nation. 
 
In pursuit of the values and objectives set out in the policy, the APU has identified among other issues, the need for 
sustainability to be an integral part of delivery.  In response to this in 2002, in collaboration with The Lighthouse – 
Scotland’s Centre for Architecture, Design and the City [Lighthouse 1999], the APU set up an initiative [Sust. 2002], to be 
consistent with its approach to sustainable development as set out in its sustainable development policy ‘Meeting the 
needs’ [Scottish Executive 2002].  The Sust. initiative was developed in 2002 in order to raise professional and public 
awareness of the importance of design and the contribution it can make in delivering a sustainable future.  Sust. helps its 
clients to adopt a sustainable approach to design in the built environment and assists those responsible for designing 
and commissioning buildings to deliver buildings that meet the expectations of all involved.  The next section describes 
Sust. in more detail, and while it is acknowledged that there may be issues of scale, the model is regarded as one that 
could readily be adopted elsewhere in the World. 
 
3. SUST. (THE LIGHTHOUSE ON SUSTAINABILITY) 
 
3.1.   What is Sust? 
The Scottish Executive’s policy on sustainable development prioritises: energy, travel and resource use and these areas 
form the basis that guides the Sust. campaign and the projects that have resulted from it.  
 
The ultimate aim of the Sust. programme is to facilitate the mainstreaming of sustainable design in architecture and the 
public realm by empowering those involved in the design and delivery process with the wherewithal to make a difference. 
The project commenced four years ago with an awareness raising campaign, and now Sust Phase II (launched in 
September 2004) is building on Phase I by assisting the delivery of sustainable building and environmental projects. 
Sust. is aimed at those with an interest in the design and delivery of environments that meet the aspirations of the 
funders, users, communities, design and construction teams, developers and financial professionals.  Sust.’s key role is 
to assist stakeholders to identify the barriers to effective delivery of sustainable developments and to help them to secure 
relevant expertise that will facilitate successful outcomes.  As outlined above, barriers vary, and from organisation to 
organisation these will impact at different points in the process.  Sust. aims to identify and eradicate ‘pressure points’ and 
thus to identify what needs to be addressed in order develop a new design process that has sustainability at its core. 
 
The campaign engages key players, including clients, community groups and designers, responsible for building projects 
and has developed unique training, guidance and information to allow decision-makers to make informed choices about 
sustainable development.  The four audience groups listed below were identified as the target audience:    
 
• Clients - any organisation or individual responsible for commissioning a building; 
• Community groups - any organisation representing local communities; 
• Building designers - the professionals responsible for designing the built environment; 
• Citizens - through adult- and child-centred education. 



Working with the recognised experts, Sust. enables individuals and organisations to take a more integrated approach to 
design by promoting a fundamental shift in thinking about sustainability. Projects put in place assist all involved to 
improve awareness, knowledge and demand for sustainable projects.  Furthermore, the aim is to assist with delivery and 
to help those involved to make the necessary adjustments to their work practices to accommodate change, in effect to 
make sustainable development the norm rather than the exception.  This is achieved by operating in five main business 
activity areas in order to influence as much of the ‘sustainability market’ as possible: 
 
• Tools and Techniques:  
• Professional Training and Support; 
• Events and Activities; 
• Guidance; and  
• Education 
 
Examples of projects undertaken in each category are elaborated below in order to illustrate how the programme works.  
 
3.1.  Tools and Techniques 
To ensure that sustainable design is more widely accepted, clients and professionals need access to useful and practical 
tools and techniques.  The Sust. website or E-Centre summarises all of the projects undertaken (www.sust.org) and is 
developing into a one stop shop for access to sustainability resources in Scotland.   One of the most significant 
achievements is a web-based Green Directory, developed in association with the Scottish Ecological Design Association 
[SEDA], of ecological products and services available in Scotland and elsewhere in the UK, Europe and Worldwide. The 
Green Directory is the first such resource in Scotland and it provides architects and design specifiers with access to 
valuable tools that can help implement sustainable design.  Each entry is referenced according to geographic location to 
help users to source materials as locally as possible and although not mandatory, detailed sustainability/ ecological 
credentials are requested on each product to allow manufacturers the opportunity to fully promote the greenest products. 
  
3.2.  Professional Training and Support 
Whether client, developer or architect, how do you ensure that your buildings are sustainably designed while remaining 
economically competitive to build and maintain?  Sust. provides access to a range of resources including professional 
training and support, particularly aimed at client groups, to demonstrate a variety of approaches to sustainable design of 
the built environment where possible, illustrating the business case for sustainability.  A few examples are listed below: 
 
Sustainability assistance on live design projects for commercial businesses: this involved working with a large housing 
developer to improve design specifications to accommodate sustainability, examining short, medium and long term 
objectives, and similarly, a local authority was assisted with the development of briefing documents to ensure delivery 
meets with expectations with regard to a substantial school build programme.  A key outcome of these projects was that 
they highlighted potential conflict between Regional sustainability policies, and National and European legislation and  
procedures, which have now been brought to the attention of the relevant Government departments in Scotland. 
 
In collaboration with a number of partners. Sust. part-funded the development of a Sustainable Design Accreditation 
Scheme for the Royal Incorporation of Architects [RIAS] (Figure 2).  Available through the RIAS website, the scheme 
provides potential clients with access to a list of architects who are accredited in sustainable design.  The initiative is 
believed to be a World first, and was launched at the Scottish Parliament early in 2005 with over 150 architects and other 
building professionals in attendance. Work is underway on extending the scheme to other construction professionals. 
 
Sust. has also assisted a number of community groups, by providing Grant Support for small-scale renewable energy 
and ecological projects.  Notably, the Sustainable Backcourts Initiative (Figure 3), [SBC 2006], and part funding for solar 
thermal domestic hot water heating for a local social housing provider.   
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      Figure 2: RIAS Sustainable Design Accreditation    Figure 3: Sustainable Backcourts Initiative 
 
3.3. Education 
In collaboration with a number of key organisations, Sust has been instrumental in the development and delivery of a 
number of resources aimed at education for sustainability and sustainable development. 
 
Sust. I funded an intensive weeklong workshop for children called EcoCities [Gaia] (Figure 4).  This project gave young 
people (aged from 8 – 11) an opportunity to participate in the Planning Process, by inviting their views on regeneration of 



their neighbourhood. The outputs of a weeklong workshop were presented, on a 10 by 7 metre model, to the children’s 
parents, teachers and local government officials.  This has positively influenced decision-making regarding 
redevelopment of the area.  
 
My Sust House is an interactive design tool (Figure 5), developed to advise young people on environmental issues in 
general and more specifically, on the decisions involved in designing a sustainable home, and living sustainable lives 
[ScreenMedia].  The game appears to be straightforward, but in fact shows that choices and compromises have to be 
made with regard to economics, environment and social issues relating to where and how people live. 
 

                                    
 
       Figure 4: Eco-Cities Project [Gaia]             Figure 5: www.mysusthouse.org [Screenmedia]
 
3.4. Events and Activities 
An international conference on urban ecology, an award-winning exhibition on sustainability and an annual Student 
Award for sustainable design are some of the events and activities undertaken as part of the Sust initiative. In addition to 
hosting specific events, Sust further supports the broadcasting of the sustainability message by working with key 
organisations to deliver joint events and initiatives, including seminars, conferences and exhibitions. This activity is set to 
continue with a number of major energy and architectural conferences coming to Scotland over the next few years. 
 
3.5.  Guidance 
Some organisations take a strict, all-or-nothing approach to sustainability while others embrace the issues gradually, 
allowing change to be integrated into their practices in a phased and manageable way.  There is no formula that delivers 
the 'right' outcome, as aspirations vary, and even seemingly small differences can have a significant impact on the 
outcome.  In response, Sust. is working with a number of organisations to assist those responsible for delivering the 
aspirations of government, from NGO's to pressure groups and others, with the application of policy and guidance in this 
area.  It is hoped that this will influence future legislation.  Typical collaborations include:  
 
In response to government guidance on use of land, and re-use of sites and buildings, Sust.I ran a series of sustainability 
seminars and workshops (6 Cities) for Local Authority staff. This is being developed into a web-based CPD programme.  
 
Sust. has also delivered a number of publications on a variety of building types to assist those commissioning buildings 
to ask the right questions in relation to procuring a sustainable building, and a series of web-based case studies that 
showcase examples of Scottish buildings with various approaches to sustainable design. 
 
More information on all these projects is available on the Sust. website (sust.org), which provides links to other relevant 
sites, a news page and a feedback section.  The aim is to make Sust. a ‘one-stop-shop’ for sustainability design support. 
 
Finally, the project has delivered training with a difference for social housing providers, housing developers and local 
authority planners.  The final section illustrates the development of ‘Sustainable Designs on You’ from a seminar series 
in Sust.I, to a holistic package under Sust.II, tailored to address the key issues for the various participants involved in the 
process of delivering private and social housing.  Sustainable Designs on You is about creating the educated community 
client/ housing provider. The original course was based on the following values:  
 
• understanding the design process; 
• growing confidence in the lay client; 
• encouraging ambition to aspire to and evaluate the best design; 
• not a one way street – a growing understanding between designer and designed for; 
• a humanistic process of awareness for its own sake. 
 
4. Sustainable Designs on You – a case study 
 
As suggested at the beginning of this paper, ‘sustainability’ has become so over-used that it has not only lost its 
meaning, it has taken on new meanings. It has been hi-jacked by the many, and modified to suit whatever the purpose - 
it has been corrupted – or has it?  The dictionary meaning of ‘sustain’ allows for these (mis-)uses: maintain (v); continue,; 
keep up; keep going; nourish; support; and so on.  So when asked, a local authority team or design practice that is about 
to embark upon a major building project is bound to respond ‘Of course it will be sustainable’.  There is little doubt that 
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the intention is good, however, it is not surprising that sustainability means different things to different people and that 
most of those involved in the delivery of buildings and developments only see part of the picture.   
 
Having delivered training for social housing providers over a number of years, but with little evidence of the required 
paradigm shift regarding delivery, the Sust. team and its housing consultants decided that it was time to take a step back 
to assess whether or not past efforts had made a difference. ‘What’, we asked, should be the orientation, scope and 
content of a client education course at this point in the emerging landscape? What outcomes are looked for? What is the 
fit with the wider spectrum of policy and action? 
 
The first question to be addressed was: “What is it that we are actually trying to do?’.  Answer: ‘To create sustainable 
environments – not just green housing’.  Question: ‘What does that mean?’.  Answers: ‘Sustainable communities?  Well, 
thriving communities or settlements..... where people want to be/ to live..... whether they are renting or buying.... good 
places’.  And that was the start.  This led to the following observations for sustainable (housing) environments.  The list is 
not exhaustive, or prioritised, but it begins to shape what might be required for delivery.  A thriving community should: 
 
• have aspiration; 
• have  a low ecological footprint; 
• have diversity; 
• be culturally rich; 
• have identity and be ‘lively’; 
• people should want to be there/ live there; 
• be confident; 
• be convivial; 
• be a learning community. 
 
And buildings in a thriving community should be :  
A.  affordable; 
B.  well built; 
C.  flexible – to suit changing life styles/ adaptable through new technologies;  
D.  secure; 
E.  of low eco footprint; 
F.  exciting and modest;  
G.  fit within the context of ‘thriving places’. 
 
Thus, we have not only the beginning of a definition for a sustainable community, but also, a starting point for delivery. 
Many of the features identified for a sustainable community are desirable in any settlement, and thus are measurable 
requirements of any development, covered by local, regional or national legislation.  This begs the question, which 
elements are/ are not covered and are these the pressure points? viz:  
 
affordability – in social or private housing, this can be measured through the existing funding mechanisms. 
well-built – is measurable by Building Standards, regulations and national or regional codes and certification. 
flexibility – life time/ adaptable homes are required in social housing by the funding bodies. 
security – ‘Secure by Design’ services are offered by police liaison officers, who are often architects – but the resultant 
impact on ‘design’ can be controversial in relation to the quality of the architecture and the environments it produces. 
low ecological footprint – this is in part covered by such design tools as Eco-Homes and BREEAM (BRE), and by 
Building Standards – however there is a need for a more universal tool to address wider issues. 
 
This leaves two desirables: that thriving communities should be ‘exciting and modest’ and that they should ‘fit within 
the context of ‘thriving places’’.  This, we contend is the role of the architect in terms of delivery.  We also contend that 
it is the responsibility of the client (private or social/housing association (HA)) to have sufficient aspiration and confidence 
in their own and the design team’s ability to deliver.  From this assertion, working with a local housing association, the 
following needs were identified as being key to addressing pressure points in the delivery of sustainable communities:  
 
1. SUPPORT FOR MAINTENANCE STAFF: Sustainable design, in its broadest definition, is simply good design, and 
thus most of the required skills should be inherent in a competent design team.  However, there are technical issues that 
can be overlooked, particularly in terms of interfacing with maintenance staff. There is thus an ongoing need for training. 
 
2. STUDY TOURS: Education in sustainable design should be synonymous with design education, exploring traditional 
themes but with new emphases. There is a need to raise expectation and aspiration that cannot be met by seminars and 
workshops alone, a ‘good place’ has to be experienced, hence the need to ‘go and see’ at home and abroad.  
 
3. CONFERENCE: Social landlords (Housing Associations) and developers are uniquely placed to deliver sustainable, 
thriving communities through the integrated physical planning of neighbourhoods.  A conference provides an opportunity 
to bring together the mix of people required for effective delivery, and to share experiences.   
 
Since identifying the key pressure points, work has commenced on all three aspects with a view to developing a 
programme that will be available to all housing providers, and their design teams and clients in 2006/ 2007.  This has 
already commenced with a study tour of Scandinavia (August 2006) to visit ecological housing in Helsinki, Copenhagen 
and Malmö (Figures 7 & 8).  Further details are available on the Sust. website. 



         
 
Figure 7: Housing at Sluseholmen using off-site 
prefabrication and ‘pod’ kitchens and bathrooms. 

 
 
 

 
 
Figure 8: Housing at Bo’01, Malmö Harbour

 
5. CONCLUSION 
 
In conclusion, sustainable development is a process to which all involved in the creation of a development or settlement 
must be fully committed.  It requires a desire to produce buildings and places that not only meet the aspirations of the 
creators and the expectations of current users but which are also adaptable to meet the needs of potential future users.  
In addition, these wonderful buildings and spaces between should be created with due consideration to the fact that 
whether or not we believe that humans are the prime cause of global warming and climate change, we are dealing with a 
world where resources are limited, and therefore we should use them sparingly and with due consideration for the needs 
of those that come after us – not to mention the aspirations of those who went before us. 
 
‘Bad design is expensive - it is not like bad television, you cannot switch it off.  It continues to infect our lives’ (Macdonald 
2005).  A good architect can design a good building, but ‘good’ is like ’nice’, lacking in inspiration. The combination of a 
good design team and contractor and an informed client can result in an excellent outcome. Sustainability should be 
inherent in design excellence.  
 
‘It’ is not just about the environment, materials or energy, or about costs and jobs or creating places that people will love 
– it’s about balancing all of these things so that when we create these spaces people will love them and cherish them 
and they will last – and we won’t have to waste energy in taking them apart and putting them in landfill sites and starting 
again in 20 years.  As for the future, it is incumbent on us to take responsibility for our actions at all levels. 
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ABSTRACT: The BCA's increasing residential thermal performance requirements and their methods of 
assessment have sparked considerable investigation into the comparative performance of light weight 
timber framed and high mass concrete floors. This has overshadowed the potential to improve the 
thermal performance of other parts of conventionally built timber framed buildings. In developing the 
designs for the six test building in No Bills and Best Five Star Houses project at the University of 
Tasmania, considerable effort has gone into modifying the detailing and construction of the timber 
framing to improve their thermal performance, particularly by minimising air infiltration through the floor 
plate and any wrapping, and preserving the integrity of the insulation layer. 
 
This paper presents an overview of international recommendations on high thermal performance timber 
framed construction, their relevance to regulatory compliance in Australia, and discusses the options 
pursued in developing the details for a 5 Star and 8.5 Star timber-floored houses to be built and 
monitored in Hobart and three test cells recently built in Launceston. 

 
Conference theme: Building and energy 
Keywords: light weight timber construction 

 
 
INTRODUCTION 
Recent amendments to the Building Code of Australia (BCA) have included a Performance Objective for residential 
buildings of reducing greenhouse gas emissions by efficiently using energy. All new constructions must rate above a 
particular level of thermal performance when modelled in an accredited simulation program or comply with the 
deemed-to-satisfy provisions for the relevant climate zone. The BCA 2006 requires a 5 Star rating and the Australian 
Building Codes Board (ABCB) Protocol for House Energy Rating Software is shortly to establish the CSIRO's 
AccuRate program as a benchmark rating program. Some states have adopted the 5 Star performance requirements 
while others, including Tasmania and Queensland, have deferred its adoption. 
 
By incorporating improved wall and ceiling insulation, light-weight timber framed construction systems met the 4 Star 
performance requirements introduced in Amendment 12 of the BCA relatively easily. However, these systems need 
considerable and often expensive modifications to achieve a 5 Star rating, especially when a timber framed subfloor 
is used in cooler climates. As it is easier to achieve a 5 Star rating in the modelling software with a concrete slab 
floor, timber subfloors have been loosing market share in states where this level of performance is required. Since the 
Victorian Government introduced 5 Star thermal performance requirements in that state in 2004 using the older 
FirstRate and NatHers programs to rate houses, it has been estimated that the proportion of houses built with timber 
subfloor has fallen from about 20% to 15% (Boris Iskra 2006, pers. comm., 17 July). Given this impact, the Australian 
timber industry has sought to: 

• test the accuracy of the programs used to determine the thermal performance of residential building, 
especially in their relative treatment of light weight timber framed and high mass concrete floors; 

• identify and test alterations to conventional Australian timber framed construction that can economically 
improve its thermal performance; and 

• understand the capacity of current assessment tools to accommodate these alterations if testing found them 
effective in improving thermal performance. 

 
In 2004, the Forest and Wood Products Research and Development Corporation funded research at the University of 
Tasmania focused around the construction of three houses with identical plans and orientation on a single site. The 
houses are:   

• A Best Five Star Timber House – a well designed and detailed house that includes a timber framed floor and 
achieves a 5 Star rating when assessed using the AccuRate program;  

• A Best Five Star Timber Frame and Concrete Slab House – a house whose orientation and building fabric is 
identical to the Best Five Star Timber House except that it has a standard concrete slab on ground floor. 

• A No Bills House – a very high performance 8.5 Star timber framed house. 
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The houses are to be monitored in a free running state for about two months during winter, allowing the actual 
thermal performance of each house to be compared to the others and the predictions of the modelling program. The 
houses are then to be monitored while occupied for a further 18 months so the occupants' actual thermal comfort 
decisions and the resultant energy consumption can be compared to the assumptions and projections made in the 
modelling program. 
 
The design of the three houses is complete. Following their construction being delayed past winter 2006, the 
construction and monitoring of three 6x6 metre thermal performance test cells were added to the research program. 
The cells were built on the University of Tasmania's Launceston campus in late autumn, 2006 and initial monitoring 
has begun. The configurations of the test cells are:  

• Test Cell 1 - Unenclosed timber framed subfloor with a light weight plywood clad wall and truss roof with 
sheet metal roof sheet;  

• Test Cell 2 - Timber framed subfloor, with brick veneer walls, and truss roof with sheet metal roof sheet; and 
• Test Cell 3 - Standard slab on ground with brick veneer walls, and truss roof with sheet metal roof sheet. 

 
The cells are simplified test houses about the size of a double garage. Besides the different construction methods 
used, the cells have the same orientation and size internally, have identical wall framing and insulation, are finished 
and painted inside and were built using current building practices. The cells as constructed have no windows, R4.0 
insulation in the ceilings, R2.5 insulation in the walls, and no floor insulation. Their thermal performance was 
modelled using AccuRate Version V 1.1.0.0 and the results are included in Table 1. The star bands for Launceston 
are shown in Table 2. The assessment was performed in non-rating mode, with the test cells described as daytime 
use and with the heating & cooling options selected. 
 

Table 1: AccuRate assessment of the test cells 
 

Thermal Performance  Test Cell 1 Test Cell 2 Test Cell 3 
MJ/m2.annum Un-enclosed Platform Enclosed platform Slab on Ground 
Total 374.7 292.8 286.3 
Heating 371.3 292.8 286.3 
Cooling (Sensible) 2.8 0 0 
Cooling (Latent) 0.6 0 0 
 
 

Table 2: Star bands for Launceston 
 

 3 Star 4 Star 5 Star 6 Star 
MJ/m2.annum 366 272 208 160 

 
 
The specific research objectives of the test cells are to:  

• compare the overall thermal performance of a building with a timber framed platform floor to that with a 
concrete slab on ground floor;  

• establish the heating energy required to maintain human thermal comfort in each cells and compare it with 
the results predicted by modelling; and  

• measure the thermal performance of a range of timber assemblies individually and as systems. 
 
The construction on the test cells is not a direct substitute for the three full houses. The cells are more effective 
scientific tools but less effective tests of the capacity of the modelling program. The test cells do not have the 
complexity of interactions expected in a full house and they will not be occupied. However, they were considerably 
cheaper to build and can be modified over time. This allows iterative testing of material and fabric combinations.  
 
As the cells are long term research tools, the first monitoring period is intended to calibrate the base configuration 
without solar heat gains. An extensive array of about 80 sensing devices has been installed inside each cell and 
through the wall, floor and ceiling systems. Each cell is fitted with an electric convection heater rigged to maintain the 
temperature in the centre of the room at 20OC. The heater's energy usage is being measured and recorded. 
 
During the research conducted to support the design of the No Bills and Best Five Star Houses and the construction 
of the thermal performance test cells, investigation into improving the thermal performance of the building envelope 
sought best practice information from countries who use building systems similar to those employed in Australia, 
particularly light weight timber framed construction. Given the level of investment required to document and distribute 
best practice guidelines on the thermal performance of residential buildings, the search was effectively limited to 
North America and Europe. As it progressed, the investigation narrowed further to practice in the U.S.A and Canada. 
Those countries includes climates similar to Australia's eastern seaboard, use light weight timber construction for a 
significant portion of its housing stock, and have thermal performance requirements and customer expectations in 
advance of those found in Australia. The U.S. Department of Energy (DOE), the Southface Energy Institute (SEI) and 
other groups distribute detailed best practice guidelines online. In addition to noting their relevance to regulatory 
compliance in Australia, the investigation supporting the No Bills and Best Five Star House project concentrated on 
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assessing the recommendations in these guides for economically insulating timber subfloors, improving the insulation 
of timber framed walls and ceilings, and reducing air infiltration through improved wrapping of the building. 
 
1. ECONOMICALLY INSULATING TIMBER SUBFLOORS 
One immediate option to improving the thermal performance of a timber subfloor is to insulate it. Guides from the 
U.S. DOE and SEI recommend that batts be installed flush against the floor membrane for the full length of the joists, 
and cut to fit around wiring and other obstructions. Installation is assumed to occur after the building is weatherproof 
with the insulation held in with staves or insulation hangers, as shown in see Figure 1, or stapled cloth as shown in 
Figure 2. Unfortunately, these solutions do not translate to Australian practice easily. Without the basements and 
crawlspaces common under American dwellings, new Australian houses often do not have enough room under the 
floor to install insulation after the building is waterproof. Standard construction for a timber subfloor is to install 
bearers and joists close to the ground, install a continuous platform of particleboard sheet flooring and then erect the 
wall frames over this. Weatherproofing of this platform floor can take weeks. 
 
 

Figure 1: Sub floor insulation (Source: SEI 2002) Figure 2: Sub floor insulation (Source: SEI 2002) 
 
 
As Williamson and Beauchamp (2005) report, installing insulation as the floor platform is assembled is problematic. 
Draping foil over the joists and under the sheet flooring (with or without bulk insulation) conflicts with the requirements 
of AS 1860.2-2006: Particleboard flooring - Installation to glue sheet flooring to the joist. While practice in New 
Zealand permits nailing or screwing the sheet flooring, gluing appears to have been built into the standard because it 
significantly reduces the number of builder call-backs for squeaky floors. Even if the insulation is installed before the 
sheet flooring, water can accumulate in the foil or bulk insulation after insulation and before weatherproofing. This 
reduces the insulation’s effectiveness and potentially encourages rot or mould in the timber. Some builders are 
stretching foil, air-cell or similar products over the bearers before the joists are positioned and then building the floor 
platform above this. However, this positions the foil well away from the sheet flooring, reducing its effectiveness due 
to convection effects. It also leaves the foil susceptible to considerable damage as the building process continues, 
especially from services trades (Jono Buist, 2005, pers. comm. 18 November). Industry has initiated changes to AS 
1860 and commissioned research on the need to glue the floor sheeting and the effects of wet insulation on timber 
substrates (Angelo Guerrera 2006, pers. comm. 9 June). These projects are currently incomplete. With builders and 
material suppliers reticent to guarantee arrangement with which they have little experience, there currently does not 
seem to be an acceptable and economic way of insulating a timber subfloor that has less than 600 mm clearance off 
the ground. 
 
1.1 Incorporation in the test buildings 
For the Best Five Star Timber House, the developer chose to avoid underfloor insulation, opting to reach 5 Star 
performance instead by fully double glazing the house. For the No Bills House, the floor has been designed to accept 
R6.0 bulk insulation fitted between I-beam joists and installed after the building is weatherproof. It is to be held in 
place with a plywood soffit fitted between the joists. Neither of the timber floored test cells had insulation installed 
initially. Both were constructed so that bulk and foil insulation can be installed later. 
 
2. IMPROVED INSULATION OF WALLS AND CEILINGS 
In addition to the performance of any fenestration, the quality of insulation installation and the detailed assembly of 
the timber frame can influence the thermal performance of a house’s external envelope. The Californian Energy 
Commission (CEC) (2005), which appears to establish and manage building performance requirements in that state, 
identifies three problems created by improper insulation installation: when insulation is not in contact with the air 
barrier or housewrap, an air space can be created that in effect “short circuits” the effectiveness of the insulation; 
gaps or voids in the insulation can lead to significant portions of the wall, roof or floor being essentially not insulated; 
and compression of the insulation, usually around pipes or other building services embedded in wall, ceiling, or floor 
cavities, can degrade insulation performance. To encourage high quality installation, the CEC offers a credit in their 
performance assessment of housing if the insulation installation has third-party verification. 
 
Part 3.12.1 of the Building Code of Australia (BCA) requires that insulation must abut other insulation and form a 
continuous barrier. It requires reflective insulation to be installed with required air spaces, be closely fitted against 
penetrations and be adequately supported. However, the BCA does not require inspection of the insulation’s 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 19 



installation or any feature of the design used to comply with its thermal performance requirements. In Tasmania at 
least, building surveyors are satisfied with a declaration from the builder that the insulation and other features are 
installed (Greg Green 2006, pers. comm. 13 July). These features are not inspected. 
 
It is intended that the installation of the insulation in the No Bills and Best Five Star houses will be as good as 
currently available off-the-shelf products and industry skill can allow. During the construction of the three test cells, 
particular care was taken in this phase of construction. Though the installer was chosen by the insulation supplier, 
considerable additional instruction was required to ensure that the insulation was packed snug between the studs 
and plates. 
 
2.1. Assembly of the framework 
The detailed assembly of the timber frame can influence the thermal performance of a fully insulated wall or ceiling 
and the potential to fully insulate those surfaces. While a reasonable insulator in its own right, timber has a lower 
thermal performance than insulation. Consequently, the thermal performance of the completed wall will be influenced 
by the fraction of the wall or ceiling area that is timber. 
 
The detailing of corners, lintels and eaves limits the capacity to fully insulate those locations. The tradition three stud 
arrangement used to make up a corner or return usually creates a void that can only be filled with insulation from the 
outside, before the building is wrapped. As the insulation is usually installed after wrapping and by a different trade, 
these voids are often left empty and form a thermal break in the wall. The detailing of lintels has a similar effect. The 
roof to wall frame joint creates another problem. Common practice in truss construction is for the top and bottom truss 
chord to meet at the top plate of the wall and for the top chord to then extend to form part of the eave. This detail 
restricts the space at the top of the wall plate to the depth of the top chord and limits bringing the full depth of the 
ceiling insulation fully over the wall insulation. To reduce these insulation constraints, the U.S. DOE (2000) promotes 
advanced wall framing techniques that it claims can provide up to a 30% improvement in effective R value. The 
features of advanced wall framing are shown in Figures 3 to 6. The system optimises the use of timber in the frame to 
reduce the timber fraction and eliminate voids in the insulation. In the system, structural elements are aligned directly 
over each other from the roof frame to the bearer. Studs are spaced at 600 mm centres, with trusses positioned over 
studs, and the studs then located directly over the joists. Where possible, windows and doors align with the stud 
openings. As shown in Figure 4, corners are substantially different to current Australian practice. Special plastering 
clips remove the need for a nailing stud blocking the corner on the inside face, allowing the insulation to run through 
to the corner stud. For a brick veneered building, only two studs are needed instead of three and the space between 
can be insulated. 
 
 

 
Figure 3: Advance wall framing (Source: DOE 2000) 

 
Figure 4: Juncture of roof to wall (Source: DOE 2000) 

 
 
Unlike Australian practice, the trusses in the advance wall framing model carry through well above the top plate line, 
allowing the siding or soffit dam to be fitted to retain the ceiling insulation at its full depth through to the external wall. 
This is shown in Figure 5. Figure 6 shows the suggested arrangement for insulated headers with the load-bearing 
timber element positioned on the outside face of the wall, and insulated with other fibreglass batts or polystyrene 
insulation as space allows on the inside face. Lintels are also supported on sheet metal hangers to reduce the need 
for jack studs. 
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2.1 Incorporation in the test buildings 
Testing for improved insulation performance is an essential component of building the No Bills and Best Five Star 
houses and the test cells. Each type of house provides different problems. With the No Bills house, the design 
insulation levels are well outside conventional practice: R10 in the roof and R6 in the walls. The R6 insulation in the 
floor is discussed above. To accommodate the R10 insulation fully up to the outside face of the external wall, an 
upstand has been included in the design of the trusses. This allows the building wrap and the wall lining to run 
through to the line of the top of the ceiling insulation. As shown in Figure 7, a similar approach was taken with the 
truss upstands in the test cells. Fitting enough insulation in the walls of the No Bills House to achieve a R6 rating was 
more difficult. It requires at least 230 mm between the inside and outside faces of the wall. Several framing options 
were considered. One option was framing the walls with off-the-shelf I-beams as studs and plywood or LVL as plates. 
Another was to assemble a wide frame using conventional framing. Eventually, it was decided that the walls would be 
two separate 70 mm wall frames, spaced to the required distance. The external wall would be load bearing while the 
internal wall is really a support for internal lining. This option had several advantages. The walls were standard 70 
mm units that could be assembled by any prefabricator, light and easy to stand and adjust, and the space between 
the wall frames could be full insulated. The only disadvantage envisaged is aligning the two frames accurately and 
blocking around openings. 
 
 

 
Figure 5: Juncture of roof to wall (Source: DOE 2000a) 

 
Figure 6: Insulated lintels (Source: DOE 2000) 

 
 
The Best Five Star Houses are designed to use standard construction as much as possible, except that plastering 
clips will be used in the corners if they can be secured from material suppliers. Allowance has also been made for the 
trusses to accommodate the required depth of insulation. 
 
 

 
Figure 7: Test cell 3 wall and roof frame  

 
Figure 8:  Test cell 1 insulated corner voids 
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The test cells presented different challenges that resulted in different detailing decisions. The wall frames were 
assembled by a commercial fabricator using standard domestic detailing. As shown in Figure 8, voids in the corners 
of the frame were insulation filled as part of wrapping. To accommodate future increases in ceiling insulation, the 
trusses were built with upstands, as shown in Figure 7. To add openings to the walls easily in the future, lintels and 
supports to accommodate a standard 1800 wide window or door unit were built into the frames. This increased the 
timber fraction (or framing factor) in the wall frame from 12.25% if the frame had been built with a standard 450 mm 
stud spacing to 18.3% as built. The extent that this affects the walls’ thermal performance is yet to be determined. 
The assumptions in AccuRate for the thermal bridging of the frame material are yet to be confirmed. 
 
3. REDUCING AIR INFILTRATION THROUGH IMPROVED WRAPPING 
The movement of air through leaks, cracks, or other openings of a building’s external envelope significantly affect its 
thermal performance. Franklin Associates (2000) report that the U.S. DOE has determined that about one-half of all 
energy used in heating and cooling homes results from air infiltration from the outside of a house to the inside. The 
Australian Greenhouse Office’s (AGO) Passive Design 1.4 brochure (2005), states that air leakage accounts for 15 to 
25 percent of winter heat loss in Australian buildings. It recommends a range of actions to reduce this leakage 
including weather stripping doors and windows and sealing gaps between the window/door frame and the wall prior 
to fitting architraves. With the increasing adoption of performance testing for doors and windows, the performance of 
these openings is likely to be improving. However, there is probably considerable scope to improve the thermal 
performance of Australian light weight timber famed buildings by wrapping the building more effectively and sealing 
around any openings. Either double sided foil or plastic wrapping systems can be used.  
 
 

 
Figure 9: General sealing (Source: DOE 1999) 

 
Figure 10: Wrapping details (Source: DOE 2000b) 

 
 
There is considerable amount of North American literature in this area. In a major review of the field, Sherman and 
Chan (2004) report that a study by Wilcox and Weston (2001) measured the air tightness of four pairs of new 
California homes built with and without spun-bonded polyolefin housewrap. They found that houses with housewrap 
are on average 13% tighter than their counterparts. Sherman and Matson (2001) compared the air leakage of new 
energy-efficient houses against other new conventional houses. They found that energy-efficient houses are tighter 
built in general. Also, they found that there was less variation in the air tightness of houses built under energy-
efficiency programs compared to the others. They concluded that a key benefit of these programs is the promotion of 
consistency in construction practice. Sherman and Chan (2004) also reported that in Canada, Hamlin and Gusdorf 
(1997) found that energy efficient R-2000 houses are at least twice as airtight as new conventional houses in most 
regions of the country. Sherman and Chan (2004) also report that in countries where there is a demand for tighter 
envelopes driven by building codes or energy saving requirements, new construction has been shown to be more air 
tight than older ones. They found that some air leakage pathways are common among many dwellings, such as the 
connections between building materials and components. Leakage to attics, basements, crawl spaces, and garages 
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is significant. They summarized the position by stating that many studies have addressed the effectiveness of air 
barriers and building materials to minimize leakage, but it is often the quality of workmanship and careful design that 
are the determining factors in achieving desirable air tightness. 
 
Current window testing standards do not include air leakage from the joint between the window and wall assemblies. 
Presenting a test methodology for quantifying this leakage, Louis and Nelson (1995) reported case studies that show 
that the extraneous air leakage from window perimeters is often higher than the air leakage through the window unit. 
Sherman and Chan (2004) report that Proskiw (1995) found that the conventional U.S. rough-opening sealing method 
for windows of this time can contribute up to 14% of the total leakage of a single-family detached dwelling. The space 
between the window and the frame was packed with fiber glass. They state that this source of air leakage can be 
reduced greatly by using alternative sealing method, such as casing tape, and closed cell foam. The DOE (1999, 
2000a, 2000b) and the SEI provide detailed guidance on reducing air infiltration by effective wrapping and sealing. 
 
As shown in Figures 9 and 10, they promote sealing of the wall plates to the particle board or plywood sheet flooring, 
sealing of the plasterboard (drywall) to the wall frames, and sealing all penetrations through the floor, wall and ceiling 
plates. The recommendations on effective housewapping are extensive and include taping all joints and tears, 
caulking around services opening, sealing around window opening, plumbing openings, and baths. Their 
recommendations cover both foil and plastic wraps. 
 
3.1 Regulation regarding wrapping 
Under California’s regulatory regime, approved computer programs use a default specific leakage area (SLA) of 4.9 
for designs that do not qualify for a compliance credit for sealing the building envelope. To qualify for the “default” 
compliance credit of a 0.50 reduction in the SLA, an air-retarding wrap must comply with the relevant ASTM standard 
and be installed to the manufacturer’s specifications. The minimum installation requirements include: 

• The air-retarding wrap must be applied continuously, 
• All tears or breaks must be repaired with manufacturer approved tape, 
• All horizontal seams must be lapped in a shingle-like manner and taped, 
• All vertical seams must be lapped, 
• All windows and penetrations must be taped or caulked, and 
• The air-retarding wrap must be taped or otherwise sealed at the slab junction. 

This credit for air-retarding wrapping does not require house energy rating scheme rater verification. The assumed 
SLA can be reduced further by blower door test. The regulation also states that for the building envelope, field 
verification and diagnostic testing procedures exist for insulation quality and for reduced infiltration, and both are 
compliance options. Field verification and diagnostic testing is a way to ensure that the energy efficiency that shows 
up in the calculations and on the plans makes its way to the homeowner. 
 
In Australia, Part 3.12.3.5 of the BCA does not address wrapping or sealing of the building in its deemed-to-satisfy 
provision except in the most general manner and there appears to be no verification procedures in use on Australian 
building sites. AccuRate Version V 1.1.0.0 appears to only have a simple checkbox to mark the house as well sealed 
or not well sealed. 
 
 

 
Figure 11: Taped foil joints and patches  

 
Figure 12: Overlaps to foil and flashings 
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3.2. Incorporation in the test buildings 
Testing for and developing practical skill in reducing air-infiltration is also an essential component of building the No 
Bills and Best Five Star houses project. To ensure compliance with DOE recommendations, a building design and 
detailing checklist has been distilled from the various best practice guides and used during the design phase. A site 
assessment checklist is to be prepared. 
 
Considerable experience was gained during the construction of the thermal performance test cells. While heavy duty 
foil was recommended by CSR, the material sponsors, none was available in the state when it was due to be 
installed. As the construction schedule could not sustain a further delay, light duty foil was used. The foil producers 
recommended that the foil be positioned underneath the roofing battens and only drape over the batten closest to the 
gutter. This confounded the carpenters initially as their normal practice is to fit the foil directly over the battens 
immediately before the roof sheet is fixed. The tradesmen eventually worked out the correct installation process but 
they found the change a challenge to understand and accept. 
 
As each building was wrapped, all edges were taped. As seen in Figure 11, a large number of holes and tears 
resulting from misplaced foil tacks and other damage were repaired. Once the buildings were roofed, a team worked 
with one inside and one outside to spot daylight through holes in the wrap and patch it. The bricklayers' occasional 
slips with trowels resulted in punctures that were repaired as the work progressed. As seen in Figure 12, the wrap 
overlapped flashing and any overlaps taped. This whole experience supported Sherman and Chan’s view that careful 
design and the quality of workmanship are the determining factors in achieving desirable air tightness. It also shows 
that the understandings of the designer, material supplier and tradesperson, and the links between them, need 
considerable development if airtight construction is to become standard practice in Australia. 
 
CONCLUSIONS 
Australia has recently included thermal performance requirement into its regulatory regime with the stated objective of 
reducing greenhouse gas emissions. As the level of required thermal performance has increased from 4 to 5 Stars, 
sometimes significant modifications have had to be made to building designs to achieve compliance. Consequently, 
demand for building materials and systems have changed. Understandably, the effected industries have sought to 
test the accuracy of the tools being used to assess compliance and examine if the tools and the regulations 
combined actually achieve the initial policy objective. For the wood products industry, the major effects have been on 
the use of timber framed flooring systems, especially in cooler climate. The research the industry has commissioned 
at the University of Tasmania is designed to test these regulatory changes by attempting to match the performance 
predicted by the rating software with the measured performance of test cells and full sized houses. The research also 
includes investigation of more energy-efficient ways of building economic timber framed systems. This includes 
measures that international practice suggests are important features but which do not appear to carry much weight in 
assessing residential buildings in Australia. These measures include improving the insulation of timber framed walls 
and ceilings and reducing air infiltration through improved wrapping and sealing. 
 
Of the six buildings to be constructed, the three test cells were completed recently and detailed monitoring began in 
August, 2006. Over the next three years, the cells and the full houses should provide:  

• detailed comparisons of the thermal performance of a building with a timber framed platform floor to that with 
a concrete slab on ground floor; 

• assessment of the capacity of the AccuRate modelling software to predict the actual thermal performance 
and energy requirements of the test buildings;  

• indications of the importance of factors such as wrapping, insulation quality and air infiltration to actual 
thermal performance under Australian conditions; and 

• measurement of the thermal performance of a range of timber assemblies individually and as systems, and 
of key factors that influence this performance, such as the air movement in subfloor, cavity and roof spaces. 
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ABSTRACT: In the current developer-driven residential building market, there are perceived difficulties 
in the use of a timber platform flooring system in cool temperate climates. This is evident in the 
requirements of the Deemed To Satisfy provisions of the Building Code of Australia. The University of 
Tasmania has been working with a developer to inform the design process, to achieve a 5 Star house 
and an 8 Star house with timber platform flooring. The 5 Star house has been designed to suit the 5 
Star energy efficiency requirements of the BCA. The 8 Star house has been designed to the principles 
of a ‘No Bills’ house, a residence with minimal heating or cooling requirements. The design process 
has been led by the developer. Fabric, insulation and glazing advice have been given to the developer, 
based on AccuRate assessments of the house plans by the researchers. The outcomes include 
building systems for a 5 Star house with no sub-floor insulation and an 8 Star house which includes 
sub-floor insulation. It is planned that these houses will be built in the next twelve months and 
monitored intensively to validate the AccuRate assessments. 
 
Conference theme: building and energy 
Keywords: energy efficient housing, Building Code of Australia 

 
 
INTRODUCTION 
The Building Code of Australia (BCA) now includes energy efficiency as a requirement for the construction of 
housing. This was initially introduced with a requirement for new dwellings to achieve a 4 Star rating. The star rating 
is a stepped ranking, based on a simulation of the thermal performance of the house’s external and internal fabric. 
The simulation estimates the amounts of total energy required to heat and cool the house to maintain human comfort 
given assumed patterns of use. The development of the BCA for 2006 included a move from a 4 Star to a 5 Star 
rating in the energy efficiency requirement. This has been met with mixed responses from industry groups and 
consequently some States has deferred its adoption. One building system that has been greatly affected by the move 
to a 5 Star performance requirement is the use of timber platform flooring in cool temperate climates. The University 
of Tasmania, with the assistance of the Forest & Wood Products Research & Development Corporation, the 
Australian Greenhouse Office, and a number of other sponsors, has collaborated with a Tasmanian residential 
developer, cb&m design pty ltd, in a broad research program to develop and monitor three houses to be built in 
Hobart. As the concept of the project developed, the experiment was to include the development of three houses: a 
timber platform house, a slab on ground house and a No Bills house. The inclusion of the slab on ground house 
allows the direct comparison between the thermal performance of the slab on ground and timber platform houses. 
The houses, as designed, include a 5 Star house with a timber platform floor, a 5 Star house with a concrete slab on 
ground floor and an 8 Star (No Bills) house with a timber platform floor. The inclusion of No Bills house is an 
exploration of best practice building, in response to the continuing increase in energy efficiency requirements. The 
goal of the No Bills House is to build a house that would require minimal heating and cooling when constructed of 
systems and materials that are standard within the building industry. The No Bills house would be a best practice 
example of developer-driven energy efficient house design. 
 
From a research point of view there was much to be gained from the process. The research includes the following: 
• The construction of three purpose-built residential test buildings, 
• A design process where the assessed thermal performance of the buildings was a key criterion, 
• Assessment of the predicted thermal performance at regular intervals during the design process,  
• Final assessment of predicted thermal performance when the design was completed,  
• Close monitoring of the buildings' construction to ensure that construction matched design documentation, and  
• Validation of the predicted thermal performance of the buildings against their actual thermal performance. 

 
This paper concentrates on the first step in the design process – a design process where the assessed thermal 
performance of the buildings was a key criterion. The design process was collaborative but with very solid and 
practical constraints. The developer worked within the bounds of a given site and used their standard processes and 
requirements for site and building design. As the developer is taking a financial risk in the project, the design 
necessarily had to be their own. The university researchers investigated aspects that influenced the thermal 
performance of the buildings and provided advice to the cb&m designers accordingly. As findings of international and 
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local practice were discussed, the cb&m design team contributed their own extensive experience in these areas to 
the problems at hand. Solutions were developed collaboratively for elements of orientation, aspect, position, 
insulation requirements, construction methods and fabric detailing. As the design developed, so did AccuRate. During 
the design process several upgrades occurred within the AccuRate Software and these changes did affect the star 
rating sometimes but not always.  
 
METHOD 
Many commercial and residential buildings have been designed and documented with the assistance of building 
thermal analysis methods. In most, the use of computer thermal simulation has been recognised as an essential part 
of the process for designing low energy buildings (Torcelline et al 2005). The use of this approach is expanding in the 
commercial building arena as developers and tenants seek buildings with lower operating costs and ’green’ 
credentials that are now increasingly marketable. In larger scale commercial buildings, it is often specialist 
engineering firms that spend extensive time with the owner, developer and possibly the future tenant. As early as 
1986 the United States Army Corps recognised the value of Design Teams with members skilled in both design and 
thermal performance analysis (Beranek 1985). At a residential level, there is often minimal interaction between the 
building designer and the building thermal assessor and the future home owner. This is a result of the process being 
legislatively rather than client driven (Hobbs et al 2003). 
 
The primary purpose of the research at this stage was to establish what would be required to upgrade a developer 
type timber platform house to a 5 star House Energy Rated level house, as required by the BCA 2006. It has been 
noted that there has been a 25% reduction in the use of timber platform floors in Victoria, since the adoption of the 5 
Star requirements in that state (Iskra, B. 2006). The research was to explore what fabric matrices could be utilised to 
achieve a 5 Star timber platform home. The fabric matrix was to include the investigation of; 
- Insulated and un-insulated sub floors 
- Single and double glazing 
- External cladding types 
- Wall insulation systems 
- Ceiling insulation options 
- The use of reflective and non reflective building wraps, their installation and effectiveness in reducing fabric 

permeability 
- General ventilation and air movement patterns in the sub floor and roof space zones 
- The use of zones in house design, to consolidate conditioned and unconditioned spaces.   
 
The design process for the three houses involved collaboration between the cb&m design and the University 
research teams that commenced in May 2005 and continued until February 2006. The cb&m design team, as 
developer, followed their standard practices in developing the site arrangement, landscaping and the initial design of 
the houses, to satisfy their functional requirements, projected market demand, for a return on their investment and 
their understandings of the research requirements. The University research team gave advice on the research 
objective, of achieving the desired house energy rating standards. This included construction detailing, thermal 
performance issues and material selection.  At times, the University research team discussed alternative 
approaches to site planning, landscape design and house design but this was beyond the scope of the University 
research team’s involvement.  

University Research Team
 

Design Meetings with cb&m 
 

Discussion of the predicted 
thermal performance of the 
plans and desired changes 
by cb&m or the research 
team.  

Construction and thermal 
assessment of: 

- cb&m design decisions 
- Volumetric changes 
- Glazing configuration 
- Fabric materials and 

configuration 

Email & Telephone 
discussions with advice 
on thermal performance 

Industry Advice  
 

Advice on building systems and 
desired outcomes by an Industry 
Advisory Committee with 
members from a variety of 
involved industry groups  

International practice  
 

Details on timber building 
approaches used internationally.  

 
Figure 1: Design Process Diagram 

 
The developer was designing and constructing the houses for resale within their standard practices. The University 
research team was in essence, plugged into the process, to guide and inform the cb&m design team on matters 
affecting fabric and house thermal performance. The process for this is shown in Figure 1. Regular and effective 
communication developed between those involved in the house design and those performing the thermal simulations 
and construction research. This is not standard practice within the building design industry as there is little interaction 
between the two perceived separate disciplines of building design and building thermal performance. Normally there 
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is a single assessment with limited recommendations. Research has shown the majority of occasions where an 
ongoing thermal performance assessment of a building, during the design process, often occurs when linked to a 
research or validation exercise. Hobbs et al (2003), report that the reasons for the limited inclusion of ongoing 
thermal performance assessment during the design process include issues relating to skills, training, equipment, staff 
time versus contractor fees and liability. 
 
The broader material supply and building industry groups were also involved through the project’s Industry Advisory 
Committee. As these groups were investing heavily in the research project, they were consulted frequently on key 
issues. They were keen to ensure that the arrangement of the 5 Star timber framed house aligned as closely to 
standard building practice as possible. As with discussions between the researchers and the designers from cb&m, 
this became as much an educative process as a consultative one. 
 
The orientation of the houses on the site was a critical point of discussion between the cb&m and University teams. 
As the project involved three building types and there was to be a validation and comparison of thermal performance, 
each of the houses required identical orientation, planning and volumes to limit performance variables. Figures 2 and 
3 show the evolution of the site plan from a layout with buildings having differing orientations to one in which all with 
have the same orientation. The site was an important design determinant. It is a triangular block in one of Hobart's 
eastern suburbs that slopes towards the north-west and has views from north to west. Access is from the western 
corner. The original site plan focused on minimising driveways and resulted in the eastern house being a mirror 
image in plan of the other two. The reorientation of this house back in line with the other two required considerable 
site assessment by the developers and several redesigns of retaining walls and levels. Understandably, aligning the 
houses increased the extent and cost of retaining walls and driveways. This dilemma revealed the developer’s 
normal practice of not considering how the house plan, house orientation and site planning would affect the optimum 
orientation for the house. In normal practice this would be a house with the garage to the north and house living 
areas on the south. 

 

 

 

 

 

 

 
 

Figure 2: Development of Site Design: Early Site Plan 

 

 

 

 

 

 
 

Figure 3: Development of Site Design: Final Site Plan 

As the site planning evolved, the cb&m design team were also developing the house plans. All three houses required 
the same internal volumes and plan arrangement to ensure a valid comparison of the thermal performance in both 
free running and occupied states. As the plans developed, the research team gave advice on how changes in the 
house plan, zoning, volumes, glazing, internal and external fabric, insulation and orientation would impact on the 
house energy rating. These were all explored and explained in the context of cause and effect, as part of the thermal 
simulation process. These meetings were at times weekly or bi-weekly. This allowed both groups to discuss and 
explore ideas continually. This is unlike normal practice where a building is assessed with little feedback or continuing 
advice on methods to improve thermal performance (Wit et al 2001). This iterative process allowed the teams to 
maximise thermal performance with minimal change to building design through the traditional process of Sketch 
Design, Design Development and Documentation. Each stage allowed the relationship between the building design 
and probable building thermal performance to be more finely tuned. 
 
Subtle modifications that the cb&m design team would make to the design, arrangement and fabric had significant 
effects on the thermal performance of the 5 Star or 8 Star requirements. In one case a shift of 5 degrees in 
orientation and a change to relatively small areas of the cladding reduced the house performance by more than 0.5 
Stars. Other guidance included the addition of an entry airlock which separated the conditioned space from 
unconditioned space, the reduction of southern glazing and increasing the depth of the eaves. At an industry level, 
the research team was being guided to develop a fabric that did not use sub-floor insulation in the timber platform 
house. The design of the fabric for the 5 Star timber platform house was reduced to a balance between the type of 
glazing, the sensible use of insulation and the external fabric type.  
 
The floor plan that was developed by cb&m design for all three houses is shown in Figure 4. Ensuring the same 
internal plan is used for all three houses (they have the same zones, room usage, orientation and internal volumes), 
supports the further comparison and validation research. This close relationship between the design and thermal 
performance teams allowed for an understanding of the designers’ objectives. This allowed for a greater 
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understanding of the design by the university research team and informed the assessment of the thermal model for 
the house, the analysis of results and the constructive advice given to the cb&m design team. 

 
The No Bills house was developed as an 8 Star House. The University research team established this level of 
efficiency as a point at which there would be minimal heating & cooling loads in the Hobart climate. The methods of 
construction to achieve this level of efficiency would use standard building materials and systems. After extensive 
exploration of building fabric models for the floor plan and relative thermal performance, it was established that to 
move beyond 8 Stars was very difficult. This appears to be a problem split evenly between materials, building 
systems and the in-built tolerances of the thermal simulation software. As with the 5 Star Platform house, the No Bills 
house was to have a platform floor. The research team explored methods of fabric and insulation configuration that 
could achieve the desired fabric thermal performance. As the research team developed these strategies, the 
collaborative design meetings discussed the methods by which cb&m design could easily document and build these 
systems. The three models that developed are described in Table 1. Figure 5 shows the section of the 5 Star 
Platform house and Figures 6 and 7 show a partial section of the slab on-ground house and the No Bills house. 
Figures 8, 9 and 10 at the end of the document are the AccuRate House Energy Rating reports.  
 

 
Figure 4: Final Floor Plan 

 
Table 1: Adopted Building Fabric Systems 

 
 5 Star Timber Platform 

189.0 MJ/m2.annum 
5 Star Slab On Ground 

195.8 MJ/m2.annum 
No Bills (8 Star) 

65.1MJ/m2.annum 

Roof Sheet metal with reflective foil 
sarking 

Sheet metal with reflective foil 
sarking 

Sheet metal with reflective foil 
sarking 

Ceiling R3.5 Insulation batts,  
10mm Plasterboard 

R3.5 Insulation batts,  
10mm Plasterboard 

R10 Insulation batts 
 (2xR3.0 + 1xR2.0),  
10mm Plasterboard 

Wrapping High quality wrapping with 
taping of holes and openings 

High quality wrapping with 
taping of holes and openings 

High quality wrapping with 
taping of all breaks and joints in 

wrap 

Windows Improved Aluminum Framed 
3/12/3 Double Glazed  

Improved Aluminium Framed 
3/12/3 Double Glazed 

Timber Framed with Low e 
Energy Advantage 3/12/4 Argon 

Filled Double Glazing  

Walls 

50mm Koolwall 
20mm Air Space 

Non Reflective Building Wrap 
R2.0 Wall batts 

10mm Plasterboard 

50mm Koolwall 
20mm Air Space 

Non Reflective Building Wrap 
R2.0 Wall batts 

10mm Plasterboard 

50mm Koolwall 
20mm Air Space 

Reflective Building Wrap 
R6.0 Wall batts (3xR2.0) 

10mm Plasterboard 

Floor Carpet & Underlay 
Timber Sheet Flooring  

Carpet & Underlay 
Concrete Slab on Ground 

Carpet & Underlay 
Timber Sheet Flooring 
Drape Reflective Foil 

R6.0 Batts 
12mm Ply Soffit 
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Figure 5: Section of 5 Star Platform House 

ESIGN DISCUSSION 
d some general areas of limited understanding by the developer. These included the 

zing performance 
ouse performance 

ding Design 

 of changing the external fabric of the houses. This included the adoption 

y team believe that there is a lack of understanding about glazing and the effect orientation has on its 
e thermal performance. In the early stages of the design process, some full height and half height windows 

 
 
 
 
 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Figure 6: Partial Section of Slab on Ground House  Figure 7: Partial Section of No Bills House 
 
 
D
The design process showe
importance in changes to the: 
• External fabric of the building 
• Orientation and its affect on gla
• Orientation of the house and its affect on overall h
• Volumetric changes 
• The use of zones in Buil
 

he developer went through various stagesT
of a mixed use of polystyrene and sheet metal cladding systems toward the end of the documentation phase. This 
resulted in two issues of concern to the University team. Firstly, that from the developer’s point of view, there was no 
concern evident about the mix between the high and low insulation cladding systems, to the point of historical 
references to projects where elements were changed right up to the completion of construction. This leads to the 
second concern, which is compliance and certification. If the fabric is being changed to a different format than that of 
the building approval and the inspectors are not checking the house completion to this level of detail, questions can 
be raised about the entire process including the thermal performance of the constructed building relative to that 
certified.  
 
The Universit
relativ
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were deleted from the south side of the house plan. The effect of the inclusion or deletion of these windows was 
explained to the developer by performing thermal simulations of the variations in AccuRate. The same discussions 
occurred with western facing windows. Aside from explaining the variations based on thermal gains and losses, 
concern was raised with some of the Building Application documentation. The BCA provides guidelines on 
percentages of glass allowed for the whole of house and special allowances made for north facing glazing. It was 
noted that some of the western facing glazing was described as northern facing in the initial documentation.  
 
Throughout the design and documentation process there were subtle shifts in the orientation of the houses. The 

niversity team had to maintain a level of rigour, to ensure all three houses had the same orientation and that the 

 on the 
olume of individual rooms and zones. These changes also affected the relative volumes of conditioned and 

esign incorporated the inclusion of an entry airlock and the 
moval of a fully shaded glazed sliding door in the kitchen. The inclusion of the airlock had a dramatic affect on the 

he University research team 
garding the impact of design decisions and the relative impact on building thermal performance. The cb&m design 

re had 
een an interest in the process and what had been learned but also an awareness of the additional time that had 

 design stage 
ok second priority to the timber platform house. It was generally accepted that the first stage of the research was to 

e 
e adoption of increased thermal performance requirements in Victoria, there has been a reduction in the use of 

U
orientation on the site plan matched the orientation on each of the documentation sets for individual house plans. As 
mentioned earlier the developer did not understand thoroughly the relationship between orientation and house 
thermal performance. Once again the developer made reference to historical projects where the orientation was 
changed at construction time. At no time in these instances had concern been raised on compliance issues.  
 
As can be expected, the house plan was subtly modified throughout the design process. This had impacts
v
unconditioned spaces. There was considerable time spent by the research team obtaining refined dimensioned 
plans, elevations and sections to clarify these changes.  
 
Two of the first recommended amendments to the house d
re
thermal performance of the Living Zone. As is common practice in many Australian Houses, the entry, in this case 
south facing, was a part of the hall, living and kitchen areas. This provided a dramatic cooling affect on the Living 
Zone of the house. The inclusion of a separating wall and door provided more than a 0.5 Star improvement in the 
house thermal performance. The glazed sliding door that was removed from the kitchen was in full shadow between 
the house and garage for the entire year and provided little amenity. The removal of this glazed sliding door and 
amendments to other south facing windows improved the house thermal performance.  
 
The cb&m design team had the opportunity to experience intensive discussions with t
re
team staff were keen to learn and it is hoped that these new skills are retained and adopted in future houses. 
 
Informal discussions with members of the cb&m design team, reflecting on the process to date, revealed the
b
been spent in this area. This is a concern to developers, within the tight time frames under which they operate. It 
raises issues of perceived additional costs to the consumer or the organisation if performed on all projects. Similarly, 
the University research team was required to address a range of issues that were discussed with other House Energy 
Rating providers and Building Certifiers. They included: the information at times supplied by the developer is limited 
to the point where a building is not able to be adequately assessed; the inaccurate representation of the north locator; 
types and sizes of glazing; and external fabric configurations. These were the most common of many issues raised in 
discussions with Energy Raters, Builders and Developers. These items relate more to an awareness by all members 
of the building industry, of the relevance and importance of appropriate design documentation, if correct thermal 
assessments are to be provided. The construction of houses to the approved documentation was also discussed at 
length. Many discussed concern over changes made to buildings, during construction, after the Star Rating had been 
given as a part of the approval process. This was evident in discussions with members of the cb&m design team, 
where they expressed surprise at the effect some changes had on the house’s thermal performance.  
 
The use of AccuRate to establish the thermal performance of a concrete slab on ground house, in the
to
establish what was required to attain the 5 star house energy rated timber platform house. Once this fabric matrix 
was ascertained, this same fabric matrix would be placed on the concrete slab on ground house. This was for two 
reasons. Firstly, it was expected that the concrete slab on ground house would perform better than the timber 
platform house. This has been found not to be the case as revealed in the Accurate Assessments in Figures 8 and 9. 
The second reason was the desire to compare the actual thermal performance of the concrete slab on ground house 
to that of the timber platform house. To achieve this, the fabric, aside from flooring system, needed to be identical.  
 
The involvement of the Industry Advisory Committee added an additional layer of complexity to the process. Sinc
th
platform floors. This is of major concern to the wood and forest products industry. The reason for this reduction in 
platform flooring is two fold; House Energy Raters advise a builder or designer to change a platform floor to concrete 
slab on ground, as one of the first steps to improve a house’s thermal performance; Secondly there are new 
requirements to insulate the under side of platform floors in some climate zones. Many builders lack the skills, 
knowledge or confidence to utilise sub floor insulation. The industry likewise has mixed thoughts on these 
requirements, as voiced by members of the Industry Advisory Committee during meetings. Within this context it was 
desired that the 5 Star Platform Floor house require no sub floor insulation. It was recognised by the members of the 
Industry Advisory Committee, that to improved the thermal performance of platform flooring, sub floor insulation will 
need to be introduced with appropriate training and testing, as has occurred in other countries. The design of the No 
Bills house explored best practice examples of the sub floor insulation of platform housing. The construction and 
installation of the insulated sub floor zone would be used as an educational example for members of the building 
profession.   
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CONCLUSION 
Research has shown that the inclusion of thermal performance assessment within the early design process informs 

sional and allows for a more integrated approach to the provision of thermally efficient building 

om the 5 Star house because of the significant number of variations 
at were explored to provide the high level of thermal performance required. At times these were experiments to test 

d for the development of more integrated tools for building thermal assessment requires further development 
 reduce the doubling of work-loads (Holst 2003). There has been extensive discussion in recent years of the need 

cility, was to 
ssess the integration of building thermal simulation in the design process and then to compare as-built performance 

e University 
search team, the many options explored benefited the final outcome of the houses and their fabric matrices. The 
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the design profes
design (Hobbs et al 2003). What was also established is the need for the thermal performance assessor to be 
involved in the process through to the completion of documentation. As was experienced in this example, if this 
continuity was not provided, the thermal performance of the documented houses could have been dramatically 
different to what was desired. On examining the time spent on the thermal simulation process as a part of the design 
process there are a few key issues to consider. The simulation options explored for the 5 Star platform floor house 
were extensive. Many of the variables explored were for the purpose of examining the affects of differing fabric 
systems and their relative thermal performance within the AccuRate software. At times the University team were 
trying to find anomalies in the software. Aside from the research team’s exploration, requests from the project’s 
Industry Advisory Committee to examine other options created another layer of experimentation and simulation. In an 
attempt to try and quantify the time spent purely on the advice for the cb&m design team, it was found that the 
amount of time could be reduced dramatically but it would still amount to several days of work. This closer working 
relationship between the Building Designer and the Building Thermal Performance Assessor adds to the cost of the 
process. However, the process has resulted in a much more coherent approach to the design process and has 
achieved the design team’s goal of a developer style 5 Star timber platform home, with minimal modifications in plan 
and subtle improvements to the fabric of the building. The initial estimate of the sale value of the houses is 
approximately $300,000.The cost of the Energy Assessor’s time is relatively small should such a house be built 
several times, as is the norm for project homes. 
 
The No Bills, or 8 Star house, differs markedly fr
th
the reasonable limits of insulation values of floor, wall and ceiling systems and to establish some of the built in 
variables in the software for fabric performance, permeability and building air change rates. The cb&m design team 
had never worked at this high level of thermal performance prior to this project and the advice that was given to the 
developer to assist in the attainment of the appropriate fabric, by the University research team was unquestionably 
vital.  
 
The nee
to
for a ‘hot key’ in three-dimensional CAD packages that would link the building design to thermal simulation software. 
This would reduce the doubling of data entry and provide a more iterative process. Even with this technical 
improvement, many design practices still operate in a simple two-dimensional and line drawing format. There is a 
need for extensive skills and equipment improvements for higher level integration to be used in practice. 
 
The purpose of the project, as it was in the 1996 National Renewable Energy Laboratory thermal test fa
a
data with the data from the simulated model. At this point in time we have only progressed through the first stage. 
Future stages in which the as-built performance will be assessed should provide more data of interest.  
 
Based on the experience of the collaborative design process between the cb&m design team and th
re
use of AccuRate as a design tool in this context was invaluable, as fabric modifications were easily made and many 
options explored. This provided not only a star rating but the software also produced reports where the predicted 
hourly temperature within individual rooms can be examined and even further subtle improvements made to the 
building design.  
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Figure 10: 8 Star or No Bills House Energy Report 
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ABSTRACT: To date government programmes to reduce household energy consumption have 
focussed on improving the thermal performance of the building envelope. This strategy has been 
underpinned by the Nationwide House Energy Rating Scheme (NatHERS). This software assumes 
certain temperature settings for the heating and cooling devices, and the hours of their operation. This 
paper describes the use of NatHERS to investigate the impact on end-use energy from changes in user 
behaviour. Simulations have been conducted which analyse the effectiveness of small changes in the 
thermostat settings of the heating and cooling devices and through reductions in their operating hours. 
The effectiveness of these changes is simulated for houses with 2-star and 5-star ratings. The level of 
end-use energy reduction is compared to that achieved by increasing levels of star rating through 
improvements in building envelope performance. The results of the analysis show that by encouraging 
small changes in the operation of household heating and cooling devices, significant reductions in end-
use energy are possible. The level of reduction is often comparable to that produced by improving the 
thermal performance of the building envelope. Educating homeowners about the impact of their 
behaviour should therefore receive greater priority among strategies to reduce residential energy 
consumption. 
 
Conference theme: Building and energy 
Keywords: energy saving; user behaviour; thermal comfort; NatHERS. 

 
 
1. INTRODUCTION 
Australia’s energy consumption has risen at approximately 2.6% per annum over the last 30 years and is projected to 
grow by 50% by 2019-20 (PMC, 2004). At the same time, Australia has the highest greenhouse gas emission per 
capita in the world (Turton, 2002). The energy used by the residential sector represents about 11.5% of Australia' 
total energy use (Wilkenfeld et al., 1998). In 1995, space heating accounted for more than 40% of the energy used in 
the residential sector, while space cooling accounted for 1.2%. Since that time, energy use for cooling has increased. 
In Victoria, for example, in the five years up to 2000, sales of air conditioners for domestic use increased by 300% 
(DNRE, 2002). The importance, therefore, of reducing the amount of energy used in heating and cooling homes is 
relevant on a national scale. 
 
Energy rating systems can assist in the design of houses and can provide a framework for legislation via a figure of 
merit for new homes. In Australia, the Nationwide House Energy Rating Scheme (NatHERS) was introduced in the 
early 1990s. It was the result of a number of development phases, described in detail by Williamson (2000). The 
programme was developed to reduce the amount of energy used by new homes, and by implication, the greenhouse 
gases emitted by their heating and cooling devices (CSIRO, 1998). These reductions were to be achieved by 
improving the thermal performance of the building envelope.  Ratings have been developed to inform occupants of 
their house's thermal performance based on a ratio of end-use energy for heating and cooling to floor area.  Thus 
houses built with a 5-star rating do not require as much energy for heating and cooling as a lower rated house of the 
same size, if conditioned in an identical way in the same location.  
 
The NatHERS software calculates the thermal load or end-use energy (MJ m-2 a-1) to produce a certain temperature 
range for occupant comfort.  The amount of end-use energy required for heating and cooling is determined by 
building design and materials, the climate, occupancy pattern and thermostat setting. The latter two variables are 
expressed within the NatHERS program as constants. The default setting of the standard software dictates that a 
temperature between 21-26°C is maintained within the whole house between the hours of 7am and midnight.  
Therefore, the energy rating of a home is based on the calculation that it will be kept within a temperature range of 5K 
for 17 hours. 
 
In general, the promotion of the rating scheme gives the impression that a house with a higher star rating will 
automatically use less energy and emit less greenhouse gases than a house with a lower rating. The impact of 
occupant behaviour is not discussed, possibly leading to the conclusion by home-owners that the decisions they 
make about the operation of heating and cooling devices has little or no relevance. In Victoria, significant reductions 
in domestic water consumption have been achieved in recent years through a combination of financial incentives, 
water restrictions and public education. In 2005, Melbournians used 22% less water than the average usage in the 
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1990s. The hypothesis behind the analysis presented in this paper is that significant savings in energy can be made 
by educating homeowners, specifically about the operation of the heating and cooling devices in their homes. 
However, there has been no published study to assess the impact of changing the comfort zones and usage patterns 
to reduce a home’s level of energy use, or how resulting end-use energy reduction compares with that achieved 
through improving the thermal performance of the building envelope. This paper describes such an analysis using the 
NatHERS software. 
 
2. NATHERS AND ACCURATE 
Since its introduction in the early 1990s, the NatHERS software has been used to assess the thermal performance of 
Australian homes. For over 10 years the use of this software has been mandatory in many states. In April 2006, a 
modified version of the NatHERS programme, known as AccuRate, was released. The aim of this new programme is 
to address some of limitations and criticisms of the NatHERS software (Delsante, 2005). Features of the new 
software include improved modelling of natural ventilation, sub-floors, roof spaces and skylights, and greater zoning 
capabilities.  
 
Delsante (2005) compares the results of using the old (NatHERS) and new (AccuRate) ventilation models for two 
houses in Brisbane. The new model was found to reduce the cooling load on one of the houses by 23%. This 
variation in results between the two programmes demonstrates that some caution is required in interpreting the 
results shown in this paper, particularly with respect to cooling load. No comparisons of predictions of heating 
demand have been published. They are likely to be different particularly because of changes in the climatic data files, 
thermostat settings and hours of operation of heating and cooling devices in the bedrooms. The focus of this paper, 
therefore, is on houses located in Melbourne, where cooling demand is much lower than in the warmer climates of 
Australia. These climatic differences mean that houses in Melbourne consume proportionally more energy for heating 
than for cooling, and therefore the results obtained using the NatHERS software are still relevant. Although many 
changes to the earlier software have been made, it is believed therefore that the results obtained from using the 
original NatHERS software are still useful because they are indicative of the scale of the end-use energy reduction 
that can be made when non-standard user behaviour is adopted. 
 
3. THERMAL COMFORT 
A home’s energy use is largely determined by the type and operation of its heating and cooling devices. The building 
envelope affects the level at which these devices must be operated to achieve the thermal comfort desired by the 
occupants. The American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) defines the 
comfort-zone as “a range of operative temperatures that provides acceptable thermal environmental conditions or in 
terms of the combinations of air temperature and mean radiant temperature that people find thermally acceptable” 
(ASHRAE 2003). This range of temperatures is determined from values of humidity, air speed, metabolic rate and 
clothing insulation. 
 
But thermal comfort is not a fixed condition, interpreted universally in the same way. Chappells and Shove (2003) 
argue that “connotations and realisations of comfort are culturally, historically, technically, seasonally and climatically 
contingent”. From this perspective, it is interesting to note that the average temperature of centrally heated homes in 
the UK rose from 170C in 1950 to 200C by 1976 (Leach, 1982). Variations between people also make it difficult to 
satisfy everybody's comfort needs in any particular environment. The environmental conditions that are required to 
feel comfortable are not the same for everyone. In addition, and of relevance to this study, the users of a building are 
not passive recipients of their environment, as implied by the ASHRAE Standard. De Dear and Brager (2001) argue 
that this 'static model' of thermal comfort is inadequate, particularly in hybrid and naturally ventilated buildings, and 
that occupants 'play an active role in creating their own thermal preferences'. Laboratory and field data collected by 
ASHRAE provided the necessary statistical data to define the conditions which 80% of occupants perceive 
themselves to be thermally comfortable (ASHRAE, 2003). The comfort zone for Melbourne, as defined within the 
NatHERS software, is between 21-26°C. Acceptable levels of thermal comfort may still be achieved, however, when 
surrounding temperatures are outside the prescribed range through changes in clothing level. For example, an 
occupant may heat their home to 20°C, instead of 21°C, and increase their clothing level to maintain comfort. 
However, if the temperature falls outside of the prescribed range, the likelihood of dissatisfaction is likely to increase 
despite adjustments in clothing.  
 
The comfort zone settings, in terms of the temperature and hours to be maintained, are set as at default values within 
NatHERS. As this research required the expansion of the comfort zone it was important initially to determine the level 
of dissatisfaction of occupants as a result of lowering or raising indoor temperatures. In this research, it was proposed 
that these temperatures would be reduced in single degree increments from 210C to 18°C at the lower band of the 
comfort zone, and raised in single degree increments from 260C to 29°C at the higher band of the comfort zone. 
Assessing the level of comfort satisfaction, especially at temperatures of 18°C and 29°C, was critical because if 
occupants do not find these conditions acceptable, then possible reductions in energy consumption are irrelevant, as 
nobody would live in such conditions. ASHRAE’s thermal comfort program, Wincomf, described by Fountain and 
Huizenga (1996), was therefore used to predict the occupants’ satisfaction at these temperatures.  
 
There are some inputs (temperature, clothing level) required by Wincomf, which are 'known' with certainty in the 
proposed scenarios, whereas others (relative humidity, air velocity, activity level) can only be estimated. The 
temperatures, which were evaluated for occupant comfort, were 27-29°C for summer and 18-20°C for winter. Air 
temperature and mean radiant temperature were assumed to be the same. Relative humidity levels of 50% were 
selected as an average for both scenarios. The air velocities of summer and winter were changed to reflect the 
realistic behaviour of keeping windows and external doors closed in winter, and open or operating a fan in summer. 
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The selected air velocity for winter was the minimum 0.10 ms-1, whereas the air velocity selected for summer was 
raised to 0.20 ms-1.  An activity level (metabolic rate) of 1.2 was used in the evaluation because this rate is the 
equivalent activity level of standing relaxed, or slightly more than siting and reading or writing. This level of activity 
remains constant between the two scenarios as it was assumed that the changes to air temperature alone should not 
force a change in the occupant's behaviour.  
 
A change in clothing level (CLO value) was the most important behavioural response of the occupant to the change 
in air temperature. For a cooler room, it was assumed that the occupant would wear additional layers of clothing 
rather than turning on the heater. Similarly, in a warmer room i.e. above 260C, the occupant would reduce their level 
of clothing rather than turning on the cooling system. However, it is important that the new level of clothing required to 
maintain thermal comfort is realistic. The CLO value selected for summer was 0.22.  This represents a person 
wearing briefs, t-shirt, walking shorts and sandals. The CLO value selected for winter was 1.18, which represents a 
person wearing briefs, t-shirt, thick trousers, long-sleeve shirt, long-sleeve sweater, thick socks and shoes. Wincomf 
predicts that the occupant would be generally comfortable in both scenarios. As expected, not all occupants, 
however, would remain comfortable in the revised conditions. In winter, the highest the level of Predicted People 
Dissatisfied (PPD) was 10%, whereas in the summer the dissatisfaction level increased to 16% (Table 1). 
 

Table 1: Predicted levels of dissatisfaction at various temperatures 
 

Temperature 
(0C) 

PPD 
(%) 

18 10 
19 7 
20 5 
27 5 
28 7 
29 16 

 
 
4. EXTENDED STAR RATING SYSTEM 
The star-rating method is currently used to determine the thermal performance of a home. The scale ranges from 0 to 
5 stars and increases in half star increments. A zero star rating means that the house has a poor thermal 
performance, while a five star home is regarded as one of higher thermal performance. The star-ratings equate to 
different levels of end-use energy within the various states of Australia due to the different climates which affect both 
the performance of a building and the need to use heating and cooling devices to maintain the internal temperature to 
within the predetermined comfort zone. Currently Victorian regulations require that a newly-built house must conform 
to a rating of five stars. The average Victorian house is rated at just below two stars (DPC 2002). 
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Figure 1: Relationship between end-use energy and star rating 
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This rating system does have one limitation, which affects the comprehension and comparison of the results 
described later in this paper. While it is possible to compare the exact values of end-use energy, it would also be 
convenient to be able to compare the results of the simulations using the rating scale. This is because the impact of 
changing occupant behaviour can then be readily understood in the terms that are now commonly used in the market 
place. Unfortunately, the current star-rating scale has a maximum value of five stars. Thus any changes made to the 
operation of a 5-star house to reduce end-use energy would still be regarded as a 5-star house. To overcome this 
limitation, the current values of end-use energy and corresponding star-rating for houses located in Melbourne, as 
used by the NatHERS software, were plotted and a curve was fitted (Figure 1). This was then used to determine the 
values of end-use energy corresponding to further increases in star rating, up to 9.5, in half-star increments. Table 2 
shows the annual end-use energy (MJ m2 a-1) and the corresponding star rating values determined using the above 
procedure and referred to in later discussion in this paper.  

 
Table 2: Star-rating conversion for Melbourne 

 
End-use 
energy  

(MJ m-2a-1) 

Star Rating 

340 2 
310 2.5 
280 3 
255 3.5 
230 4 
208 4.5 
185 5 
163 5.5 
147 6 
132 6.5 
119 7 
107 7.5 
96 8 
84 8.5 
78 9 
70 9.5 

 
5. METHOD 
A single storey 152 m2 brick veneer house design was chosen for this analysis. The insulation levels in the house 
were decreased or increased to represent a typical 2- or 5-star home respectively. Using the same house design and 
only varying the insulation levels limited the possibility that other unknown factors in the house design might influence 
the results and hence comparisons. The end-use energy of these 2- and 5-star homes was then predicted assuming 
that they were located in Melbourne.  
 
Four sets of simulations were carried out. In the first set, the lower and upper thermostat settings were changed. The 
lower setting i.e. when the heating would commence was lowered progressively by one, two and three degrees. 
Heating would therefore only be provided if the house temperature fell below 200C, 190C and 180C respectively. The 
upper setting i.e. when the cooling device would operate was increased progressively also by one, two and three 
degrees. Cooling would therefore only be provided if the house temperature rose above 270C, 280C and 290C 
respectively.  
 
In the second set of simulations, the hours of operation of the heating and cooling devices were changed from the 
default setting. The hour at which heating and cooling devices were turned "on" was delayed progressively by one, 
two and three hours respectively. Heating or cooling thus commenced at 8am, 9am and 10am respectively. The 
devices were turned "off" using the NatHERS default setting of midnight.  
 
In the third set of simulations, the NatHERS default starting time i.e. 7am was restored but now the hour at which 
heating and cooling devices were turned "off" was advanced progressively by one, two and three hours respectively. 
Heating or cooling thus terminated at 11pm, 10pm and 9pm respectively.  
 
In the fourth set of simulations, the effect of reduced hours of operation of both heating and cooling devices was 
combined. This meant that operating hours of the heating and cooling devices was progressively reduced from the 
default setting of 17 hours to 15, 13 and 11 hours respectively. The results of these simulations are discussed in the 
next section of the paper. 
 
6. RESULTS 
 
6.1.  Melbourne 2-star house 
Figure 2 shows how effective changing the thermostat setting of the heating and cooling devices can be reduce to 
end-use energy in a 2-star house located in Melbourne. In all cases, the changes proved to be of some significance 
and were shown to reduce end-use energy. In judging the effectiveness of adjusting the thermostat of either the 
heating or the cooling device, it is evident that in terms of the thermal load, reducing the heating device thermostat 
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setting by one degree saves more end-use energy than increasing the cooling device thermostat setting by one 
degree. In approximate terms, every 1°C that the heating thermostat setting is reduced from the default setting, the 
end-use energy reduction is the equivalent of that achieved by increasing the house's rating by one star. As a result, 
reducing the heating thermostat from 21°C to18°C enables the 2-star home now to have the same level of thermal 
load as would occur if the house had been upgraded to a 5-star home and operated at the default thermostat 
settings.  
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Figure 2: Effects of adjusting thermostat in a 2-star house in Melbourne 

 
A similar trend in results was predicted when changes were made in the thermostat setting of the cooling device. 
However, the reduction is less significant than that achieved by altering the heating device thermostat. This result 
could be expected in the southern Victorian climate because using the NatHERS default conditions, the cooling load 
was only about 26% of the heating load. As expected, when both the heating and cooling device thermostats are 
adjusted, a higher reduction in the overall conditioning load is achieved than occurs when only one strategy is 
adopted. In a society where it appears to be difficult to persuade people to save energy, it is encouraging to see that 
simply by adjusting the thermostat a single degree in each direction enables a 2-star house to have the equivalent 
end-use energy of a 3.5-star house. The thermal load is reduced by approximately 73 MJ m-2 a-1 by a single 
adjustment. 
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Figure 3: Effects of adjusting operating times in a 2-star house in Melbourne 
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The results of the simulations for the 2-star Melbourne house with reduced operating hours for the heating and 
cooling devices indicate that this is not such an effective strategy to reduce end-use energy as adjusting the 
thermostat set-points. Figure 3 indicates that by waiting for the full three hours every day before turning the devices 
“on”, an end-use energy reduction equivalent to a single star can be made. Turning the devices "off" earlier can 
achieve a similar reduction.  As a result, combining both strategies i.e. by turning "on" the devices three hours later 
and "off" three hours earlier results in the in a thermal load equivalent to that of a 4-star house with unchanged 
occupant behaviour. These results are perhaps counter-intuitive, at least in the minds of some homeowners. 
Statements such as "going to bed earlier in winter to save energy" are sometimes heard. However, the results of the 
simulations suggest that in Melbourne at least the end-use energy reduction is likely to be less than that achieved by 
small adjustments to the temperature settings of the heating or cooling devices. 
 
6.2.  Melbourne 5-star house 
The 5-star Melbourne home represents the current mandatory level of thermal performance required for newly-built 
houses in Victoria. It is important to judge what effects changing user behaviour may have on the end-use energy in 
these new homes. As in the case of the 2-star Melbourne home, an adjustment of the thermostat of the heating 
device results in greater reductions in end-use energy than adjusting the cooling device by the same amount (Figure 
4). In fact, changing the heater thermostat settings proved to be nearly twice as effective in reducing the thermal load 
as changing the settings on the cooling device. By adjusting the heating thermostat by the full three degrees, the 
reduction in end-use energy is the equivalent to a gain of two stars, raising the house to a hypothetical 7-star rating 
level. Changing the cooling device thermostat setting only resulted in an equivalent end-use energy of a 6-star 
design. 
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Figure 4: Effects of adjusting thermostat in a 5-star house in Melbourne 

 
 
Figure 5 shows that turning the heating or cooling device “on” later and “off” earlier has a small impact on the end-use 
energy of the 5-star home. By turning the heating device “on” later, approximately 10 MJ m-2 a-1 is saved per hour, 
and after a three hour delay the reduction in end-use energy is only the equivalent of a half-star increase in the rating 
of the home. The results for the decreased operating hours of the cooling device were even less significant. The end-
use energy is reduced by approximately 12 MJ m-2 a-1 when the operation of the cooling device is delayed by three 
hours. This reduction is insufficient to change the rating of the 5-star house. Reducing the operating time by three 
hours at both the start and end of the default period reduces the thermal load by 42 MJ m-2 a-1. This represents 22% 
of the total heating and cooling end-use energy under default conditions. This reduction in end-use energy increases 
the rating of the house to six stars. 
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Figure 5: Effects of adjusting operating times in a 5-star house in Melbourne 

 
 

7. CONCLUSIONS 
In 2004, the Victorian Government introduced an energy-rating scheme for new homes. The current requirement is 
that all new homes must achieve a 5-star rating. Considerable effort and financial investment has been made to 
implement the scheme. This has included the development of software, training and an accreditation system for 
raters. This effort and expense continues with the introduction of AccuRate, which requires retraining of raters in the 
workings of a more complex programme. Implicitly, great emphasis has been placed on the role of the building 
envelope to reduce energy consumption.  
 
There are many methods of reducing household energy use, such as increasing thermal mass, natural ventilation, 
shading and increasing insulation levels. Most of these strategies are already being used to reduce household energy 
consumption. The quality of housing construction also plays a key role in energy reduction as do the energy 
efficiency of the heating and cooling devices. However, occupant behaviour is also an important factor, which is 
currently not being adequately addressed. 
 
The aim of this paper was to compare the effectiveness of small adjustments in user behaviour to achieve reductions 
in end-use energy, which could be used together with current methods of increasing energy efficiency, and to reduce 
energy consumption even further. Six adjustments to user behaviour were simulated for two houses of different star 
ratings located in Melbourne to determine the level of end-use energy reduction. These reductions were compared to 
houses with unaltered behaviour.  Adjustments were made in thermostat setting and device operating times. 
 
It was shown that altering the thermostat setting achieved a much greater reduction in end-use energy demand than 
adjusting the devices’ operating hours at the start or end of each day. The thermostat setting adjustment is also 
considered to be the most achievable because the change in user behaviour would effectively be spread evenly 
throughout the day, only marginally expanding the comfort zone. Making changes to the operating pattern of the 
conditioning devices, however, would leave the occupant without heating and cooling for between one and six hours 
each day.  It was also shown that there appears to be no advantage in advocating either of the energy saving 
strategies for houses with either a low or high star rating. Houses of both 2-star and 5-star ratings were shown to 
benefit from the changes in user behaviour.  
 
Recently, the Victorian Government launched an advertising campaign to encourage homeowners to reduce their 
household energy consumption (Age, 2006). One of the aims of the campaign is to encourage householders to use 
heaters and air-conditioners more wisely. The results reported in this paper indicate that there is scope to achieve 
significant energy savings by altering occupant behaviour.  In some cases, these are equivalent to the reduction 
predicted by upgrading from a 2-star to a 5-star home. It is to be hoped that the Government recognises the 
importance of educating occupants about these opportunities to reduce energy use. Ultimately, it will be only be low 
energy users that will make low energy homes successful. 
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ABSTRACT: Ratings tools have emerged to help classify the ‘greenness’ of a building. These ratings 
tools assess the energy use or environmental impact of the building and the rating is then used to 
communicate the building’s predicted environmental performance to target owners and tenants. This 
paper performs a due diligence analysis on a case study green-rated multi-story commercial building in 
order to explore the stability of these ratings over time or circumstance. The building system is 
extended to include both building and stakeholders (builder, owner, tenant, city council) and modelled 
using an energy prediction program. The building system response and the consequent change in 
rating under different scenarios are evaluated. It was found that the building system is most sensitive to 
changes in lighting and office equipment power density, which may result in changes in rating. 
Additionally, based on projected utility bills, there is little financial incentive to reduce internal loads to 
meet emission requirements to maintain ratings. From this it is concluded that ratings are occupant 
dependent and ‘green’ office buildings stakeholders may need to address this by either designing in 
restrictions or creating contractual obligations.  
  
Conference theme: Building case studies 
Keywords: rating tools, office buildings, sensitivity analysis, environmental performance  
 
 

INTRODUCTION 
In Australia, so-called ‘Green’ buildings are becoming attractive to investors through the promise of reduced building 
operating costs and a rental market premium due to its ‘greenness’ (Guidry 2004; DLA 2006:71). In architectural 
literature these ‘green’ multi-storey commercial buildings are often equated to buildings with envelope features such 
as shading devices or ‘smart’ glazing (Slessor 1997; THERMIE 1999).  
 
Proving the greenness of buildings is difficult and complex. This has led to the emergence of rating tools such as 
BREEAM (UK), LEED (USA) and Greenstar (Australia) that are intended to assess the environmental performance of 
a building and communicate that assessment to the wider population (GBCA 2006c). However, ratings tools are 
predicated on the assumption that office buildings are static. An assessment is done and building labelled with 
mechanisms such as stars and logos to advertise ‘greenness’ to a target market. 
 
In considering the performance of a ‘green building’ little research has been done into the robustness of the 
commercial building system and the consequent risk to both environment and investor of a building/occupant 
mismatch (Leyten & Kurvers 2005), particularly in the case where the building is not owner-occupied. In order to 
explore this gap it is hypothesised that the building envelope is only a small determinant in the overall environmental 
performance of a multi-storey commercial building as this type of building tends to be internal load-dominated. If this 
is the case then building performance will change over time, and that may be dependent on the decisions made by 
various stakeholders.  To test this, the research performed a due diligence analysis on a green rated office building 
using a systems perspective.  
 
The objectives of this research were 

 to consider the wider building system and identify possible influences on the building performance other 
than envelope; 

 to investigate the sensitivity of a rated building to situations other than those assumed under the rating 
procedure so as to identify performance not anticipated by a static assessment; 

 to investigate changes in greenhouse gas emissions under different building scenarios; 
 to identify the impact of changes in emissions on energy and environmental rating tools. 

 
Recognising the dynamic nature of ratings and the sensitivity of design decisions is critical for architects to aid the 
decision making of commercial clients. The wider intention of this research was not to provide definitive measurement 
of greenhouse gas emissions for a particular case study building. Rather, it was to create a richer understanding of 
the complexities of commercial property and identify possible sources of change and instability for future 
investigation.  
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This paper commences with a review of office buildings, their stakeholders and current office ratings tools. An 
explanation of the case study methodology follows, including systems thinking and sensitivity analysis discussions. 
The results of emissions simulation are presented together with a discussion of their impact on office building ratings.  
 
OFFICE BUILDINGS 
Before discussing ratings tools it is useful to first reflect on office buildings and the Australian commercial property 
market. The notion of a ‘good’ office conjures images of buildings such as Foster’s Swiss Re in London or, locally, 
Bligh Voller Nield’s National @ Docklands in Melbourne. However, these office buildings are the exception, not the 
rule. They were designed in conjunction with specific tenants with the intention to embody corporate strategy and 
communicate that strategy to the marketplace. 
 
In reality, the Australian office building market is very different. Unlike other countries over two thirds of the Australian 
commercial property sector is owned through public and private property trusts. This is extremely high as compared 
with the USA (12%) and Europe (3%) (Kolganova 2006). Thus, it is unusual for commercial entities to own their 
offices. The result is an increase in the number of stakeholders during the early part of the building’s life. A building 
may be built by a property developer and retained, or sold to property investment trusts and, in either case, rented to 
various business tenants to create a long term revenue stream. All of these corporate entities are driven by the legal 
need to maximise their profits for shareholders (ASIC 2005) and all are driven by changing market forces. All 
experience the need to differentiate their product.  
 
Regardless of location offices buildings are also a place of change. Whereas a building investment life is over 40 
years, a business tenant may go through a number of cycles in that period. This change may be due to business 
growth, reduction or productivity improvements and results in changing accommodation needs. The change may be 
due to changes in management philosophies and their reflection in workplace design (Worthington 1997) or physical 
identity, which may also be leveraged as a marketing tool (NAB 2004). Different types of office work require different 
office layouts (Laing et al. 1998). Office technology changes rapidly and the technology needs of business vary 
greatly. 
 
Business tenants can improve their profits by reducing business operating costs, including labour costs and building 
operating costs, and by increasing market share. Selecting a ‘green’ office accommodation may contribute to 
improving the bottom line through good environmental performance, which reduces building operating costs and 
improves productivity (e.g., less absenteeism) through a healthier internal environment.  This decision also helps 
business tenants to differentiate their product by promising reduced environmental impact and to demonstrate they 
are good corporate citizens to their target market (Guidry 2004:66; DLA 2006:38). In response to this demand 
property developers may choose to provide office stock to meet this need and with their business in turn benefiting 
from higher returns through a green premium on the building.  
 
Office ratings tools 
A response to the new environmentally-friendly building market is the emergence of green ratings tools. For office 
buildings, in Australia, energy performance is assessed by the Australian Building Green Rating scheme (ABGR 
2004). This, in turn, is used in the Green Building Council’s Green Star program environmental assessment tool 
(GBCA 2006a).  While ABGR is administered by the state government of New South Wales Department of Energy, 
Utilities and Sustainability, the Green Building Council is a not-for-profit private company limited to 500 members 
drawn from building industry stakeholders, such as building owners, managers, product suppliers, professional 
services, utilities and all levels of Australian government (GBCA 2004:6-7). 
 
ABGR translates building energy use to greenhouse gas emissions per square metre and awards a star rating to a 
maximum of 5 stars, where 3 stars is considered “best practice”.  Green Star assesses a building on a wide range of 
categories, including management, indoor environment quality, energy, water use, proximity to public transport, 
materials and impact on local environment, emissions and innovation. Green Star also uses ABGR energy rating as a 
prerequisite for Green Star assessment. Below 4 ABGR stars, i.e., ABGR’s “excellent”, excludes the building from 
eligibility for the Green Star brand.  
 
It should be noted that the Green Star program openly states that it is primarily a marketing device: 
 

The Green Building Council's mission is to develop a sustainable property industry for Australia and 
drive the adoption of green building practices through market-based solutions. (GBCA 2006b) 
 

Obtaining a Green Star rating allows the Green Star logo and other branding devices to be used to communicate 
building environmental performance and, thus, is used to provide evidence of good corporate citizenship and earn a 
green premium. However, all assessments use a static model of the building; the building assessment before 
construction is based on an assumed configuration and, after occupation, the building is assessed using current 
tenant data which represents a single historical occupational scenario. The AGBR energy rating is renewed annually, 
but again, based on historical performance data. So, given that an office building is associated with a disparate 
number of stakeholders in its early life, and the business of tenants may change dramatically over the building’s life, it 
should be expected that agency problems arise and disconnection between intentions and implementation is highly 
likely. Thus, it begs the question as to whether a green rating, either energy or environmental performance, is valid 
over the lifetime of the building and how sensitive the rating is to change in building circumstances.  
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METHODOLOGY 
 
Office buildings as systems 
In order to evaluate the stability of the ABGR and, in turn, Green Star ratings, a Green Star rated office building was 
investigated as a case study. Case study methodology was justified by the selection of a “paradigmatic” (Flyvbjerg 
2004:427) contemporary office building. The study approached the building with the objective of developing richness 
of learning as a precursor to further research, rather than developing context-independent knowledge (Flyvbjerg 
2004:421) 
 
The investigation was based on the systemic approach of the triple bottom line perspective. Triple bottom line 
assessment considers the building in its relationship to its occupants, society, economy and environment (Williamson 
et al. 2003:84). In order to explore some of the interactions of the system components the notion of a rich picture is 
borrowed from soft-systems methodology (figure 1) (Checkland & Haynes 1994). This picture is not meant to be a 
definitive representation of the building system but as a tool to aid in identifying potential sources of change over 
time. Inputs to energy simulation programs tend to focus on building envelope and system, but considering the 
complexity of the human components represented in the wider system shown below it may be wiser to consider 
inputs that are neither logical nor stable during the life of the building. 
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Figure 1: Triple Bottom Line (left) and a the building system in its wider context (right) 
Source: Williamson et al. (2003:85), left and after Checkland & Haynes (1994), right 

 
This study considers a base case, in which the building and tenants act according to design assumptions. Other 
scenarios consider the building system response as tenants grow and change. 
 
Case study building 
The case study building is located in the central business district of Adelaide, South Australia, and has been rated by 
ABGR and Green Star. The climate is temperate, with hot dry summers and mild rainy winters. The building is 33m in 
height, with a basement car park, retail at ground level and eight stories of office accommodation above. The building 
houses approximately 1200 m2 retail and 12000 m2 of office accommodation. It is located on the south west corner of 
an intersection of two major roads and is reasonably exposed on three sides: to its north is road and park, east is 
road and three story building, and west is a two story building. The south is sheltered by a seven story building.  
 
The building is concrete construction with concrete panel spandrels. The south and west sides have minimal glazing 
area but the north and east sides have floor to ceiling tinted low e double glazing, which constitutes an average of 
67% of wall area. These windows have an overhang of 1m. The air conditioning system is variable air volume, but air 
conditioning parameters and information about heating were not available at the time of study. Given the Adelaide 
location, and the city’s ready supply of gas, it was assumed that heating is via gas fired hot water boiler. 
 
The building’s energy performance was modelled in Ener-Win-EC (Degelman 2006) from drawings and technical 
specifications made available by the building architect and from public sources. Where maximum values were given 
for technical specifications typical operating values were selected from, in order of preference, the Building Code of 
Australia, Australian Standards, ASHRAE standards and professional judgement. Weather data was provided with 
the program and is from the World Meterological Organisation (Degelman 2006)  The same weather pattern was 
repeated for all simulations to model the effect of a single year. Utility costs were obtained from local retailers. 
 
Sensitivity analysis 
Sensitivity analysis is an umbrella term for investigations which are interested in changes in output brought on by 
perturbations of input, rather than the absolute results. Sensitivity analysis methods are not uniform within the 
building science community and range from parametric studies using differential sensitivity analysis (DSA) (Lam & 
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Hui 1996; Tavares & Martins 2006) to complex error analysis and building optimisation using statistical Monte Carlo 
Analysis (MCA) (Macdonald & Strachan 2001). 
 
This study used a differential sensitivity analysis in a parametric study of the building system (Lomas & Eppel 1992).  
A parametric study is the deliberate adjustment of input parameters according to scenarios. Lack of access to the 
program code prevented probability distribution input via scripting. However, rather than model a normal distribution 
of input values, values were selected and modelled and then outputs interpreted in a circular process. This 
maximised the quality and richness of data generated given the limited resources. 
 
The objective was not to optimise parameters according to probabilities, but to explore possibilities and outcomes of 
scenarios. Since the focus was on changes in real outputs, e.g., greenhouse gas emissions, this study presents 
output sensitivities, rather than differential sensitivities, i.e., 
 

%100×
−

=
BC

BC

OP
OPOP

SC    (1) 

 
Where OP refers to output response and BC refers to base case, i.e., the change in output is normalised against 
base case value and a percentage change is then derived (Tavares & Martins 2006). 
 
Simulation 
Table 1 outlines four categories of parameter range changes that were modelled: building envelope parameters, 
occupant behaviour parameters and changes in adjacent environment. The base case was also compared to a 
typical local non-‘green’ office. Further explanation of scenarios may be found in Pearce & Soebarto (2006). 
 

Table 1: input parameter changes 
 

category parameter Base case  Input range comment 
Building envelope Overhangs 0.4 0 (no overhang),  1 (shading = 

window height) 
Shade height/shade 

 Daylighting No daylighting 
system 

200-500 lux daylighting system 
installed 

Office area only 

 Glazing Area 67% low-e 60-30% low-e Office area only 
 Natural 

ventilation 
0 1 (low),10 (high) l/s/m2  

Occupant 
behaviour 

Lights and 
equipment load 

25 W/m2 20,30,35,40 W/m2 40 W/m2 is specified 
building maximum 

 AC temperature 22.5±1.5°C 20.5±1.5°C -23.5°C±1.5°C  22.5±1.5°C is specified 
 AC range 22.5±1.5°C  Up to  ±3°C  
 Occupancy 

density 
10 m2/person Down  to 8m2/person Office only 

 Occupancy 
profile 

Default  (derived 
from ASHRAE 90.1-
1989) 

1 hr extra per day, full occupancy 
3 hrs extra per day, partial 
occupancy 

Longer working hours 
without and with flexitime. 

 Retrofit of blinds Glass SHGC=0.36 
Transs=0.47 

Translucent SHGC=0.26, 
Trans=0.4 
Opaque SHGC=0.19, Trans=0.23 

 

External changes New Neighbour 
buildings  

Existing tall building 
to south 

Tall buildings to North (22m), East 
(30m), West (7.5m). 
Tall buildings to North, East, West 
@ <10m. 

Realistic and hypothetical 
new neighbours 

Non-‘green’ Non-‘green’ Base case of ‘green’ 
building,  
U=0.68  W/m2.K 

40% glazing, concrete spandrels, 
no overhang, single glazed-low e 
and tinted plate, U=1.4 W/m2.K 

Remove envelope features 
considered to contribute to 
improved  performance 

 
The changes modelled in the building envelope parameters parallel decisions by the designer and property developer 
based on design best practice and financial restraints. These included changes in glazing, daylighting and natural 
ventilation. 
 
The changes in occupant behaviour are based on scenarios that include various types of tenants. For example, a 
longer working week was modelled to explore the difference between, say, an administration office with flexitime and 
professional offices with long working hours. Changes in power and lighting were modelled to simulate differences 
between a typical administration office and a computer intensive organisation, such as a computer games developer. 
Preferences for different thermostat settings and heating and cooling ranges are based on changes in fashions in 
workplace dress code dictating need to provide thermal comfort for, say, formal office wear versus casual dress or for 
the scenario of different gender mixes (Cena & de Deer 2001). 
 
The changes in adjacent environment model unforeseen and uncontrollable urban planning decisions. Buildings are 
modelled at realistic distances governed by street layout and hypothetical distances of less than 10m. 
 
A non-‘green’ building was devised based on typical local office architecture. This building was of concrete 
construction with concrete spandrels. Overhangs were removed and glazing reduced from 67% to 40% of the 
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dominant East and North faces. The building was modelled using single pane low-e glass, tinted plate glass and 
changes in both wall U-value and glazing area to obtain a range of values to measure against the case study base 
case. 
 
The key objective of this study was to test for changes in ratings. For Adelaide ABGR star rating changes by 0.5 
every 30 kgCO2-e/m2 between 121-361 kgCO2-e/m2. Below 121 kgCO2-e/m2 the building is 5 stars and it receives no 
stars for emissions above 361 kgCO2-e/m2. The greenhouse gas emissions were derived from the modelled total 
annual energy use. Full fuel cycle emission factors used were specific to gas (73.8 kgCO2-e/GJ) and electricity (1.007 
kgCO2-e/GJ) in South Australia (AGO 2005:31,33). 
 
RESULTS AND DISCUSSION 
Space precludes listing all emission graphs for all scenarios. Further outcomes of the simulation are reported in 
(Pearce & Soebarto (2006). Since, it is believed that the aim of the ratings tools is to stimulate the commercial 
construction stakeholders to consider energy use and emissions in their product, the results presented here will focus 
on energy (GJ) and equivalent greenhouse gas emissions (CO2-e). 
 
The case study building was found to be heat rich. Model outputs for the base case gave a 14:1 ratio of electrical 
energy use over gas energy, where electrical energy includes air-conditioning, fan use, lighting and office equipment 
power (6390 GJ), while gas energy covers space and water heating (440 GJ). Lighting and office equipment 
contribute 64% of the total energy use. These energy values were converted to equivalent greenhouse gas emission 
using the factors described previously. Figure 2 shows annual greenhouse gas emissions for two parameters, glazing 
percentage (envelope), and lights and equipment (occupant behaviour), over their nominated range of inputs. 
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Figure 2: annual greenhouse gas emissions (base case = 67% glazing left, and 25 W/m2 right) 
 
 

Variations in the two graphs in figure 2 clearly show different responses to the parametric changes. Reductions in 
glazing area decrease the solar radiation input, thus reducing air-conditioning load and corresponding emissions 
(figure 2, left). Simultaneously, heating increases due to additional winter heating load, resulting in a slight increase in 
emissions.  
 
The response of the building to changes in lighting and equipment load is more dynamic (figure 2, right). As the load 
is increased the additional internal load adds to the building heat load requiring additional air conditioning, leading to 
an increase in electrical energy use and emissions due to electricity.  Simultaneously, the increase in building heat 
load reduces the need for space heating leading to a corresponding reduction of emissions due to gas consumption. 
The energy simulation software reports the lighting and equipment loads as a single figure, so the base case load of 
25 W/m2 could be interpreted as a split of 10 W/m2 each for lights and 15 W/m2 for office equipment, which is 
consistent with reported office loads (Dunn & Knight 2005). The figure of 40 W/m2 is consistent with the technical 
specification maximum lighting load of 15 W/m2 and a specified equipment maximum of 25 W/m2.  

 
As can be seen in figure 3, the sensitivity of greenhouse gas emissions to changes in building inputs varies 
considerably. While, for this building configuration and weather year, envelope and most occupant changes are within 
+/- 10% of the base case it is clear that sensitivity is dominated by lighting and equipment load.  

 
For the maximum lighting and power density specified emissions are increased by nearly 45% over the base case of 
25 W/m2. This is the equivalent of business changing from laptops to desktop computers (NAEEEC 2001), such as 
change in tenants from a government administration department to a computer graphics business. Alternatively, a 
change of this magnitude could be due to change in emphasis on energy use, such as change from a power 
conscious tenant with a strict policy of using the computer power saving mode to a new tenant with no restriction on 
computer use.  
 
Of interest is the non-green building. It, too, varies less than 10% under the base occupant profile, density and 
equipment loads as the base case ‘green’ building. Despite removing overhangs and double glazing, with a reduction 
in glass area the building is nearly equivalent to base case. Replacing the low-e single pane with tinted place 
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increases emissions by 5%. Thus, the iconic features of shading, high-tech glass and insulated walls do not 
necessarily equate to significantly reduced emissions. 
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Figure 3: sensitivity of greenhouse gas emissions (base case = 0%) 

 
 
Figure 4 shows the absolute change in emissions per square metre of occupied building. Recalling that ABGR star 
ratings change every 30 kgCO2-e/m2 the graph areas tripping ratings changes of 0.5 stars are marked at +/- 30 
kgCO2-e/m2. For changes in overhangs, glazing, ventilation, air conditioning temperature and range and occupancy 
variations the emissions change less than +/- 10 kgCO2-e/m2. Thus, unless the base case is within 10 kgCO2-e/m2 of a 
star rating change over point, the base case rating is reasonably stable for changes to these parameters. Turning the 
thermostat down a couple of degrees is unlikely to change the building rating. Alternatively, selection of a non-green 
building under stable conditions would generate similar emissions to turning down the air conditioning thermostat or 
working longer hours in the green rated building. 
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Figure 4: Change in emissions relative to change in South Australian AGBR rating (base case = 0%) 

 
 
If a daylighting system is included in the design then there is approximate a 12 kgCO2-e/m2 reduction in emissions, 
which can only lead to an improvement in rating. Similarly, a hypothetical building program that shades the building 
on all sides will reduce emissions by over 10 kgCO2-e/m2 at its most extreme. Though unlikely in this particular case, 
it, too, can only lead to an improvement in rating for this case study. 
 
The most significant absolute change is the lighting and equipment load. At the maximum load, emissions increase 
by 67 kgCO2-e/m2. This not only leads to the probability of a ratings downgrade by 0.5 ABGR stars, but the possibility 
of a downgrade by a full ABGR star. To be eligible for a Green Star rating and all its marketing resources requires a 
minimum of 4 ABGR stars. If this building has an original rating of 4.5 ABGR stars and allows its lighting/power 
density to rise to near the maximum allowable in the technical specification then the ABGR rating will drop to 3.5 
stars. This is below the minimum required for a Green Star rating, leading to removal of its rating and all marketing 
advantage and green premium associated with a positive assessment. On the other hand, reduction of 
lighting/equipment offers the best chance of increasing the building’s ABGR rating and, in turn, its Green Star rating, 
via the energy assessment category. 
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Economic imperatives 
If an office tenant is not interested in reducing greenhouse emissions then, given that business aim to optimise their 
revenue, they may be interested in saving operating costs such as utility bills. These bills are either paid by the 
building manager/owner and passed onto the tenant through rent, or the tenant contracts directly with utility 
companies. Either way, they represent an operating cost for businesses. The annual utility bill for the case study 
building under the base case was calculated to be AU$344,000. Working an extra hour above the traditional 9-5 
working day, such as in professional offices, increases the annual utility bill by 6.7%, or AU$23,000, or $17.70 for 
each office worker per year, assuming 10m2/person. This cost is easily recouped by additional billing hours 
generated during the longer working hours and provides no incentive for reducing emissions.  
 
If the lighting and equipment load is increased to the maximum specified then the annual utility bill is increased by 
48%, or AU$165000. This is equivalent to $127 for each worker per year. If the worker genuinely requires certain 
types of office equipment to increase their productivity then it is likely that the $127 per worker will be recouped 
through billing hours, equivalent product development or service delivery, so, again, there is little financial incentive to 
reduce energy use and, consequently, greenhouse gas emissions. However, if that $127 represents lost revenue due 
to poor working practices then there is an opportunity to appeal to the economic imperatives of businesses as an 
alternative tactic for greenhouse gas reduction.  
 
Green buildings are also assumed to reduce operating costs. Apart from reduction in lighting and equipment load 
(15% reduction from base case) reductions are less than 10%. If the worst case non-green building is now taken as a 
base case then a green building with a daylighting system offers the best saving of 18%, which equates to $66000 
reduction in the annual utility bill, $51 per worker or $5 per metre over a year. This suggests ‘green’ rental premiums 
should not be high, but does not take into account any increases in productivity, reduction of absenteeism, reduction 
in maintenance costs or extension of plant life that may be obtained through good performance in other Green Star 
categories.  
 
Given the potential for tenants to affect the rating of the building there is little to financial reward available for their 
commitment to reducing energy use. Recalcitrant tenants have the potential to cause green buildings to lose their 
accreditation. Thus, it is in the interests of the property owners and managers to ensure congruency between tenants 
and building through agreements or market pull mechanisms, such as corporate citizenship and social responsibility 
requirements. However, there may be a possibility that monitoring of tenant performance will result in increased 
overheads and offset any savings available. 
 
CONCLUSION 
This paper argues that the building system is more than the envelope or HVAC. It is a dynamic combination of 
building, occupant, society, economy and environment. In Australian the commercial property structure is unusual in 
that an office building involves the cooperation of a disparate collection of stakeholders, key players of which include 
property developers, investment trusts and corporate tenants. This configuration opens the possibility of discontinuity 
in the office building system, leading to occupant / building mismatch.  
 
While programs such as ABGR and Green Star should be applauded for attempting to quantify environmental 
performance of buildings and place it firmly on the commercial agenda, this research shows that a rating is not for 
life. This research used a systems perspective to investigate the sensitivities of a multi-story office building 
performance. A typical Adelaide office building was found to be dominated by lighting and equipment load. It was 
demonstrated that an increase in load by a tenant with power intensive business equipment needs could change the 
ABGR rating by a star and that there is little financial incentive to adjust tenant behaviour to maintain the rating. This 
in turn may lead to the loss of other ratings and the consequent loss of marketing material, green premium and 
demonstration of corporate citizenship.  
 
The systemic process allowed non-standard scenarios to be considered. While the likelihood of such scenarios is 
unknown (but further research could clarify), this process offers stakeholders, such as developers, owners and 
tenants, more information about the validity of a building’s ‘greenness’ over time and the range of possible 
degradation and improvements according to their behaviour. Owning behaviour through education may reduce the 
effects of building sensitivities under recalcitrant tenants. 
 
This conference’s brochure states that the focus of Architectural Science has moved from protecting people to 
protecting the environment.  Perhaps the translation of this intention has been dispersed during its transition beyond 
the bounds of architecture. One stakeholder’s needs (people) has been supplanted by another’s (the environment). 
The strength of architecture practice is its awareness and ability to design according to the multiple stakeholder’s 
needs. Awareness that those needs include changing commercial imperatives does not have to mean the exclusion 
of the environment. This sensitivity analysis highlights the consequence of the variability of one stakeholder’s needs. 
While acknowledging the complexity of communicating building systems facets to non-building professionals this 
research demonstrates that to simplify the message may result in counter-productive outcomes.  
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Energy saving by ceiling fans 
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ABSTRACT:  In warm-humid climates, such as coastal northern Australia there is a tradition of open-air 
life style, with houses having no sharp boundary between inside and outside. Houses have been 
designed for full cross-ventilation. However, the recent proliferation of air conditioning changes this life 
style and dramatically increases energy consumption. It would be highly desirable to design houses that 
obviate the need for air conditioning, but it is difficult to legislate for such designs. Cross-ventilation may 
be prescribed, but air movement can be generated also by ceiling fans, that extend the upper limit of 
comfort. Such ceiling fans can be considered a ‘fixture’, rather than a portable appliance. How can this 
be recognised in house energy rating? The paper examines the magnitude of such cooling effect and 
estimates the effect of ceiling fans both in terms of air velocity and savings: it examines how far these 
can delay the escape to air conditioning. 
 
Conference theme: building and energy 
Keywords: comfort limits, air movement, ceiling fans 
 
 

INTRODUCTION 
The revised version of BCA (Building Code of Australia) requires for a proposed house either compliance with the 
prescriptive details or an “energy rating” of the design. NatHERS (inter alia) is a simulation program widely used for 
such rating. It works reasonably well in the southern states where the main energy user is heating and heat losses 
are calculated through the specified building envelope and by infiltration/ventilation. However, considerable 
dissatisfaction has been expressed in the northern areas of Australia, where there is a tradition of open-air life style 
and most houses are designed to maximise cross-ventilation. These are usually of lightweight construction, which 
can never be cooler than the outside air. Solar heat gains and internal loads will always create some elevation of 
indoor temperature (Ti) over the outdoors (To). The intention is to keep Ti as near as possible to the outside air 
temperature.  
 
The ideal “house” would be that shown in Fig.1: an elevated platform, no walls, overhanging eaves to ensure full 
shading with a good, insulating thatched roof to reduce solar gains as far as possible. NatHERS would be at a loss to 
produce a rating for such a house. 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
  
  Figure 1:    The ‘ideal house’ for warm-humid climates (after Latta, 1973) 
 
 
To answer such complaints and dissatisfaction EMTF (Energy Management Task Force) called a workshop meeting 
of interested parties in August 1999, which was held in Brisbane and I was asked to serve as a ‘facilitator’. This 
workshop tackled firstly the two problems of 
 
1) setting comfort limits (thermostat settings) which vary with the climate and include humidity effects 
2) simulation of the air flow through the house induced by the breeze. 
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1. MEASURES OF COMFORT 
The workshop decided to adopt the new effective temperature, ET* as the measure of comfort. This should take into 
account the effect of five environmental and two personal  variables:  
 
DBT  dry bulb temperature  
MRT   mean radiant temperature 
RH   relative humidity 
v     air velocity, as well as    ( )*ETam ps5.0pLRiwOT*ET ×−×××+=  
met   metabolic rate and    where LR is the Lewis relation    
clo   clothing. 
  
The calculation of ET* is not easy, as it involves not only skin wettedness (w) (that is a function of v) and permeability 
of clothing (im), but also a circular definition: vapour pressure at the ET* (psET*) which is yet to be found. The 
psychrometric graph representation varies with these. However, Gagge et al. (1986) suggested that met and clo are 
reciprocally related, thus an increase in met can be compensated for by a reduction of clo. Thus a set of ET* 
isotherms constructed for (say) sedentary work (1.25 met) with 0.57 clo will also be valid for the combinations shown 
in Table 1. These were named SET (standard effective temperature) -  a sub-set of ET* (Fig.2). Later I suggested 
accepting this and also devised a simple empirical method for calculating and constructing such SET isotherms 
(Szokolay, 2001).  
 
The neutrality temperature expression of Auliciems (1981) is adopted: Tn = 17.6 + 0.31 x Tm   (where Tm is the 
monthly mean outdoor temperature) and the limits of acceptability as ± 2.5 K, all in terms of SET.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: The psychrometric chart with SET isotherms superimposed 
 
From the above list of variables DBT and MRT can be combined in OT (operative temperature) by the simple 
expression 

cr

cr

hh
DBThMRTh

OT
+
+

=        where hr and hc are radiative and convective surface conductances respectively 

If, as a function of OT (on the horizontal axis) this SET is adopted, then RH is also recognised. The variables met and 
clo are ‘standardised’ (cancel out). The remaining item to be considered is v, air velocity. The question is what is the 
apparent cooling effect of air movement and what velocities can be generated by cross-ventilation? 
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CSIRO was then commissioned to produce a program for calculating air flow through a house, for inclusion in 
NatHERS. The project was administered by AGO (the Australian Greenhouse Office). The work has been completed 
by 2004 and the package was re-named AccuRate. It had been recognised that fans (esp. low powered ceiling fans) 
can be relied on to generate  air movement, but this opened up another question: what air movement is produced by 
such fans? 
 
Table 1 
SET, standard effective temperature 
 
1      met    with                0.67  clo 
1.25   0.57 
2   0.39 
3   0.26 
4   0.19 
 
 
2. APPARENT COOLING EFFECT 
A study has been carried out for AGO, which consisted of a survey of relevant existing information, its collation and 
comparison. This was an extension of earlier work I presented in PLEA 2000. 
 
Some 28 reported sets of results have been compared. Most of these examined velocities up to 1.2 – 1.5 m/s, with a 
few extending this range to 2 m/s. Some reported the elevated comfort limits (oC) in the presence of air movement, 
others the apparent cooling effect, dT (K). The results of 12 selected studies were brought to a common format and 
are summarised in Table 2 as well as shown in a graphic form in Fig.3. 
 
Table 2:   The apparent cooling effect of air movement 
 
         v =0.5 1 1.5 2 m/s author    function fitted 
 
1 1.6 K 3.4 K - - Drysdale 1952   dT = 3.6 x (v - 0.05) 
2 3 6.3 - - Drysdale 1975   dT = 6.7 x (v – 0.05) 
3 0.5 1.6 2.63 K 3.7 K Rohles et al. 1974  dT = 2.09 x (v – 0.24) 
4 2.25 4.5 - - Rohles et al. 1983  dT = 4.5 x v 
5 0.9 2.7 4.5 6.3 ASHRAE st. 55 - 1981  dT = 3.6 x (v – 0.25) 
6 1.65 2.8 3.6 - ASHRAE st. 55 - 1992  dT = -1.9755 v2 + 6.0502 v –1.0829 
7 1.5 3.6 5.3 6 Arens et al. 1981, at 50% RH dT = -1.2648 v2 + 6.1661 v –1.2254 
8 1.7 4.1 5.8 6.5       same at 30% RH dT = -1.5361 v2 + 7.0835 v –1.4704  
9 2 4.9 6.8 7.5 same, psychrometric, at 12 g/kg dT = -1.9938 v2 + 8.6097 v - 1.7074 
10 2.9 4.8 6.1 6.5 Khedari et al. 2000  dT = -1.2547 v2 + 5.7631 v +0.2426 
11 1.6 2.9 3.7 4 Smith & Tamakloe 1970 (ET Nom.) dT = -1.1265 v2 + 4.445 v – 0.4019 
12 2.48 3.4 - - Nicol 2004   dT = 1.4845 Ln(v) + 3.4556 
 
totals 22.0 45.0 38.4 40.5 
13 1.8 3.7 4.8 5.8 averages 
 
 
Although some start with ‘still air’ (v = 0), most acknowledge that velocities below 0.2 (or 0.25) m/s are unnoticeable. 
The polynomial fit to the average of tabulated values was found to be 
 
dT = 5.9331 v – 1.2844 v2 – 1.0136          … eq.1) 
and this is shown in Fig.3 by a heavy line 
 
Note that in the earlier paper (Szokolay, 2000) the concept of ‘effective velocity’ (ve) was used in the suggested 
function 
 
dT = 6 ve – 1.6 ve

2           … eq.2) 
where ve = v – 0.2, and which gives practically the same result as eq.1 above. 
 
Velocities up to 1.5 m/s should only be considered, partly because of secondary annoyance effects, partly as the 
curves flatten out beyond this limit. Up to this limit even a simple linear function gives acceptable results (line 14 in 
Fig.3) 
 
dT = 3.2 v            … eq.3) 
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Figure 3: Comparison of 12 functions for air movement cooling effect 
  apparent cooling effect (K) versus air velocity (m/s) 

(see Table 2 for legend to curve numbers) 
 
Results of the three equations are compared in Table 3. 
 
Nicol (2005) subsequently thought that the values for curve 13 are too high. He proposed the function 
 
dT = 1.4845 Ln(v) + 3.4556  (see curve 12 in the graph above)       … eq.4) 
 
The last line of the Table below gives his reported numbers for 0.5 and 1 m/s, (his values for low velocities are 
actually higher than the above) with the last one found from his function (eq.4). 
 
Table 3:  Summary of dT values 
 
         v = 0.5 1 1.5 m/s 
 
eq.1  1.8 K 3.7 K 4.8 K 
eq.2  1.6 3.8 5.1 
eq.3  1.6 3.2 4.8 
 
eq.4  2.48 3.4 (4.06) 
 
 
3. FAN OUTPUTS 
Data for air velocities and flow patterns produced by fans are few and far between. These are quite difficult to 
measure. as the flow is turbulent and fluctuating so rapidly that an ordinary electronic anemometer could not be read 
reliably. A meter including a ‘time constant’, i.e. an integrating facility is the only one useable. 
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For air flow distribution the only Australian diagram found repeated in several publications  (e.g. Saini 1970) is 
attributed to Wickham, but the original cannot be traced (Fig.4). Williamson et al. (1989) showed a similar diagram. 
We attempted to generalise from these, supported by a series of other publications and our measurements.. 
 
The following terminology has been proposed: 
 
work plane (WP): the horizontal plane at a level at which the measurements are taken and velocity pattern is shown 
on plan. This may be 0.2 m above bed level in a bedroom, or in a lounge-sitting area at 0.9 m above the floor, or at a 
desk (work station) or dining table 1.1 m above the floor. 
 
footprint area (AF): the circle on the work plane corresponding to the swept area of the fan. If the fan’s radius is r (= 
0.5 diameter) then  AF = r2π. 
 
target area (AT):  the circular area primarily served by the fan, taken as of twice the above radius AT = d2π 
 
representative velocity (vR): vertical air flow velocity averaged within the footprint area and in time (smoothing the 
fluctuations) 
 
volume flow rate (vfr): is the above times the footprint area: vfr = vR  x AF (m3/s or L/s) (most American literature 
gives the fan output in these terms, in CFM) 
 
horizontal velocity (vh): one difficulty is to decide where to take the velocity that can be used to calculate the 
apparent cooling effect (dT). Following the often used sectional flow distribution pattern (Fig.4) it is assumed that the 
vertical vfr is turned into a horizontal radial flow, just above the work plane. A ring ( cylindrical area AR of the ring) at 
the perimeter (p) of the target area, taken as 0.3 m high is: AR = 2 d π x 0.3 and the vfr is assumed to be distributed 
over this area to give the horizontal velocity  (Fig.5) 
 vh = vfr / AR
 
 
 
 
 
 
 
 
 
 
 
 
 
        
 
 
 
 
 

Figure 4: Air flow distribution from a ceiling fan (after Wickham / Saini) 
Note that 1 FPM = 0.005 m/s thus the 500 FPM shown corresponds to 2.5 m/s 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Air flow distribution pattern assumed 
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From published results reinforced by measurements taken, the representative velocity, vR of 1.33 m/s was suggested, 
regardless of fan size. Table 4 shows the results thus produced, step-by-step, arriving (from eq.1) at a value for dT to 
be used for extending the comfort limit. 
 
Table 4:            Air flow, velocity and cooling effect 
 
fan dia.  AF vfr p AR vh dT 
d  r2π AF vR 2dπ 0.3p vfr / AR 

 
  900mm  0.64m2 0.85m3/s 5.65m 1.7m2 0.5m/s 1.6K 
1200  1.13 1.5 7.54 2.26 0.66 2.4 
1400   1.54 2.04 8.80 2.64 0.77 2.8 
 
One such ceiling fan would serve an activity area, as defined by room usage and furniture. This may vary from a 
double bed (≈ 5 m2), a dining table (≈ 8 m2) or a lounge seating area (≈ 12 m2), but one fan could not serve two such 
areas. Thus it can be assumed that a fan can serve a room of up to 20 m2. If an area greater than 20 m2 is served by 
one fan, then the ‘benefit’ of that fan would be reduced by a factor of  
f = 20/Aroom. 
 
4. BENEFIT OF FANS 
The above derivations include many assumptions and apparent jumps in logic, both at the physical level (velocities, 
areas) and in behavioural terms. It must however be remembered that this not a pure science exercise, a simple 
procedure is needed, for use under conditions of uncertainty, that its purpose is the energy rating of house designs 
and ultimately the reduction of domestic energy use. Furthermore, the aim is not the prediction of actual energy use, 
but it is to ensure that the house, if used correctly, is capable of minimising energy use. In hot climates this means 
primarily the aim of avoiding the use of air conditioning. 
 
It is acknowledged that times are changing. In a survey of households over 30 years ago over the area between Port 
Headland and Nhulunbuy none of the respondents wished for  ‘whole-house’ air conditioning, whilst some 24% 
wanted one air conditioner (most often for the main bedroom). Today in Darwin over 70% of houses have air 
conditioning, at least in one room, although this may only be used for a few hours a day during the ‘build-up’ season., 
mostly at night in the main bedroom. The equipment cost has been drastically reduced, but actual use of air 
conditioning still appears to be a ‘last resort’ – when all else fails. 
 
It would be desirable to shift this threshold by ensuring that the house works well, that it is not (or not much) hotter 
than the outdoors (e.g. by eliminating solar gain with shading and insulation) and that it allows air movement, thus 
extending the upper limit of acceptability. This would mean that the house is designed for cross-ventilation, but it is 
also fitted with ceiling fans to generate air movement when there is no breeze. 
 
This is reflected by the operational strategy outlined at the EMTF workshop in Brisbane and embodied in AccuRate 
which is discussed in another paper. 
 
5. A CASE STUDY 
A house in Townsville designed by a well-known local firm of architects (the ‘P-house’) has been visited on a hot 
February day. Fig. 5 shows the plan and Fig.6 the view of the living (daytime) pavilion. No measurements were taken, 
but it was found to be quite pleasantly cool. When asked about air conditioning, the owner replied: “I wouldn’t touch it 
with a barge-pole”. The house had no air conditioning. The architect was concerned that the house received only a 
1.5-star rating from a NatHERS assessment. When full ventilation was allowed for, it received a rating of 3.5 stars 
from an AccuRate assessment (see Table 5).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
             
        Figure 6: View of the garage and ‘living’ pavilions from the S/E 

 

 
 Figure 5:     Plan of the ‘P’ house 
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When the installation of 3 ceiling fans was recognised, the rating went up to 5 stars. (The maximum rating would be 
10 stars.) 
 
The metal roof was uninsulated. It had a ventilation outlet at the apex. If an R2 insulation were assumed to be added, 
the rating would increase to 5.5 stars without fans and to 6.5 stars with the 3 fans. 
 
If the original elevated timber floor were replaced with a concrete slab-on-ground floor, this 6.5 would increase to 7.5 
stars. Table 5 is a summary of these ratings, including the specific energy demand (energy intensity) values. 
 
Table 5: Ratings achieved by the ‘P-house’.  
 
1)   original, with minimum ventilation 1.5 stars 93 kWh/m2y 
2)   with ‘open’ operation, full ventilation 3.5 67 
3)   same + 3 ceiling fans  5 59 
4)   R2 roof insulation added (no fans) 5.5 54 
5)   same + 3 ceiling fans  6.5 47 
6)   same + concrete slab-on-ground floor 7.5 43 
 
This highlights an interesting problem: why does the house receive only 5 stars out of 10, when it ‘feels’ cool? One 
reason may be the fact that the house is surrounded by a pleasantly green garden, which also blocks the low-angle 
sun. This cannot be recognised by the rating program. There is also an adjacent shallow ornamental pond, which, 
together with the plants, would give an evaporative cooling effect, which is not reflected in the program. 
 
It  can  be  seen  from  the  above Table 5,  that the cross ventilation gives an improvement of 2 stars,  or 26 kWh/m2y 
(93 to 67 kWh/m2y), the fans would give a further improvement (from line 2 to line 3) of 1.5 stars or 8 kWh/m2y. It is 
this last item which could be taken as the ‘benefit’ of the fans, i.e. the saving of 8 kWh/m2y of air conditioning load. 
This pavilion of the  house is of some 60 m2 floor area, so the annual saving attributable to the fans would be some 
480 kWh. If the fan power and latent load are added, the total would be some 1.5 times this, but  if the overall CoP of 
the system, with short runs of intermittent operation would not be better than 1.5, then the electrical load would also 
be 480 kWh. The price of electricity is now about  $0.15/kWh, so the monetary saving would be some $72 in a year.  
 
It is worth noting that (using the same logic) the ‘benefit’ of open operation (natural ventilation), from line 1 to 2, is 
much greater, some 26 kWh/m2y, i.e 1560 kWh/y, or in money terms $ 234. 
 
It must be mentioned here that there is a considerable confusion regarding the term ‘ventilation’. It is somewhat 
unfortunate that the same term is used for three distinctly different purposes: 
 
1 supply of fresh air, removal of CO2 and other waste products; this requires only a small rate, 4 – 12 L/s.pers 
 (1-3 air changes per hour) 
2 heat removal, when To < Ti; this requires a larger air exchange, the heat removal rate (in watts) being  
 Qv = 1200 x vr x ∆T  where vr is in m3/s 
3 physiological cooling, i.e. heat removal from the skin; for this the criterion is air velocity at the body surface, 
 rather than a volume flow rate. 
 
Generally there is an order of magnitude increase in demand for air flow at both steps. The ‘stack effect’ may be able 
to satisfy the first of these, it may assist in the second, but the last one can only be achieved by a sensible air flow 
produced by a good cross-ventilation or by mechanical means: fans.  
 
In another extensive simulation study a simple ‘test hut’ type building of 40 m2 was used as the vehicle for examining 
some 128 permutations of a series of variables. The addition of 2 ceiling fans reduced the air conditioning load by 
between 7 and 12 kWh/m2y. The larger number occurred with the thermally very poor variants, but even for the best 
one the annual energy use was reduced by 7 kWh/m2y. The above case study (the ‘P’ house) with the 8 kWh/m2y 
improvement due to fans is well within this range. 
 
CONCLUSION 
If SET (standard effective temperature) is adopted as the measure of comfort, this will incorporate DBT, MRT and RH 
effects and will be valid for a range of activity (met) and clothing (clo) combinations. Air velocity remains the only 
outstanding factor of thermal comfort.   
 
It has been established (on the basis of numerous published findings) that an apparent cooling effect of 4.8 K can be 
produced by an air movement of 1.5 m/s. It has also been concluded that a ceiling fan can produce a downward air 
flow (averaged over the footprint area) of 1.33 m/s and that this does not depend on fan diameter. This will however 
produce differing horizontal velocities at the perimeter of the target area (that can be taken into account for regulatory 
purposes for a room area up to 20 m2) of 0.5 to 0.77 m/s, that would produce an apparent cooling effect of between 
1.6 and 2.8 K. It has been suggested that if one fan serves an area larger than 20 m2, this cooling effect should be 
reduced by a factor  f, where f  = 20/room area.   
 
A case study in Townsville demonstrated that an increase in rating of 1.5 stars can be achieved by fans, 
corresponding to a reduction of air conditioning load of some 8  kWh/m2y.  Another study showed that (in a small test 
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house) ceiling fans can reduce the air conditioning load by 7 – 12 kWh/m2y, depending on its constructional qualities. 
The larger effect occurs with a thermally poor construction. 
 
DISCUSSION 
The term ‘apparent cooling effect’ is used quite deliberately, as the air movement considered does not actually 
reduce the air temperature, but it creates a subjective sensation of cooling, or upward extension of the acceptable 
limit of temperature. The method adopted here includes the following steps: 
1 based on mean temperature of the month Tm, find the neutrality temperature: Tn = 17.6 + 0.31 x Tm  
2 take the upper comfort limit (with still air) as Tn + 2.5 
3 add the ‘apparent cooling effect’  to extend this limit 
4 ascertain the indoor air velocity and allow the appropriate extension of the limit 
5 when the air velocity is inadequate, if fan(-s) are installed, allow the appropriate apparent cooling effect 
 
It has been suggested that this procedure is incorrect, as it is uncertain if there was any air movement when the 
neutrality temperature was established, therefore it should not be taken as ‘still air’ comfort. The counter-argument is 
that  
a) the adopted ‘cooling curve’ does not start at ‘still air’, but at 0.2 m/s. 
b) most of the data used by Auliciems in arriving at the above Tn expression was from temperate climates, 
 thus it is unlikely that any cooling air movement would have been present and ignored  
c) whether this apparent cooling effect is considered as an ‘add-on’ or an extended comfort limit is allowed 
 makes no difference. 
 
I tend to judge such statements in the light of personal experience, whether they ‘stand to reason’. In Brisbane the 
January mean temperature is 25oC, although on average, one day a week it can exceed 32 oC (86th%-ile). The 
neutrality temperature works out to be 25.4 oC. Adding 2.5 K, the upper limit  becomes 27.9 oC. An air movement 
(either a breeze or produced by a fan) of 1.5 m/s extend this to 32.7 oC. This is perfectly acceptable, and I never 
complain about it being ‘too hot’, unless I am exposed to solar radiation or I am under some social constraint and 
have to wear clothing other than my choice.  
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ABSTRACT: In response to Hornsby Shire Council’s desire to promote sustainable building 
technology, CSIRO has developed an innovative combined power, heating and desiccant cooling 
(trigeneration) system which has been installed at the Hornsby Central Library. The system uses 
exhaust from a 60kW micro-turbine to directly regenerate a desiccant wheel, enabling fresh air 
dehumidification and both direct and indirect evaporative cooling. In conjunction with the cogeneration 
system, the building management system (BMS) has been upgraded to allow building temperatures to 
fluctuate in response to seasonal conditions, providing adaptive thermal comfort. This has lead to a 
significant reduction in the electricity consumption of this building and a reduced CO2 footprint. 
 
Having both a conventional and desiccant cooling system installed in this building has provided a 
unique opportunity to compare user comfort under different air-conditioning regimes. For each system, 
library staff and patrons were surveyed to determine perceptions of thermal comfort and air quality. 
Results of the survey show that the cogeneration system has maintained thermal comfort levels for 
staff while library users perceived an improvement. We are able to conclude that the trigeneration 
system has been able to achieve improved thermal comfort while reducing primary energy use.  
 
Conference theme: Building and Energy 
Keywords:  Thermal comfort, energy efficiency, cogeneration 
 
 

INTRODUCTION 
The Hornsby Central Library Cogeneration system was conceived by Hornsby Shire Council (HSC) in conjunction 
with CSIRO Energy Technology (CET) as a major single point initiative to deliver substantial reductions in 
greenhouse gas emissions and to increase public awareness of energy conservation measures. HSC had already 
undertaken a number of energy saving projects (including installing energy and lighting management systems in main 
council buildings, numerous rooftop photovoltaic installations and solar thermal systems), however this system 
provided substantial technical innovation and the potential for major ongoing greenhouse gas savings. 
 
With over 60% of the building energy usage attributable to heating, ventilation and air-conditioning (HVAC) services, 
and with energy efficient lighting already installed, the HVAC system was an obvious target for energy reductions. 
Although simple and cost effective, a gas-engine heat pump could not deliver the desired savings. Thermal modelling 
of the library showed that natural gas-fuelled cogeneration could achieve substantial greenhouse gas reductions, 
provided it was able to deliver the major share of both heating and cooling loads. 
  
Two methods of utilising waste heat to provide cooling were considered; namely a conventional absorption cooling 
system and a dual wheel desiccant cooling process. Despite its value in terms of delivering chilled water to a set of 
air coils in the air supply to the building, an absorption system had several drawbacks for the modest scale of the 
plant required for the library. These include: capital cost; the parasitic energy demand from associated water 
circulation pumps; and the need for a cooling tower. Together these made an absorption cooling system unattractive. 
 
Desiccant-based cooling was considered an attractive alternative to the conventional absorption process. Until 
recently, the use of desiccant dehumidification has been confined largely to industrial and specific commercial 
environments where moisture, condensation, corrosion, mould or high latent heat loads have been of particular 
concern. Over the past few years however, the utility of this technique has begun to receive attention [(Mazei et al. 
2002), (Rizy et al. 2002), (Vineyard et al. 2002), (Nia 2006) &( Daou 2006)]. 
 
The final design for the cogeneration system utilises a 60kW Cummins microturbine to provide electricity to the library 
and waste heat to the cogeneration system. The library is still connected to the electricity network, so any electricity 
generated will offset usage, and at times the building actually exports power to the electricity grid. The power setpoint 
for the turbine is determined based on the requirements of the cogeneration system, so it does not run continually. 
The desiccant cooling system is able to provide most of the heating and cooling demand for the building, with the 
exiting HVAC system able to supplement this as required. Greenhouse gas savings in the first year of operation have 
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been around 90 tonnes CO2 emissions. In addition to the energy and greenhouse gas savings, the cogeneration 
system provides: 

• Increased fresh air (4000 litres/sec up from 1700 litres/sec ) 
• Lower noise levels when running 
• Simple maintenance procedures – other than the generator, air filters are the main service item. 
• Humidity control 
• Temperature control that responds to daily & seasonal ambient temperature fluctuations. 

 
In order to assess how building users have adapted to the cogeneration system, a post occupancy evaluation survey 
has been carried out based on the Works Canada User Satisfaction Survey tool (Dillon & Visher 1987). The focus 
here is on thermal comfort and air quality (since other factors did not change with the installation of the cogeneration 
system). Since both the old and new HVAC systems are still fully operational and share the same air handing units, 
we found ourselves in the unique situation of being able to survey users (blind) on both systems, making it possible to 
provide an unbiased assessment of the cogeneration system. 
 
In the remainder of this paper, we provide some background information on this project, detail both the conventional 
and cogeneration air-conditioning systems and describe the methodology & results of the occupancy survey – which 
allows us to conclude that energy savings were achieved without sacrificing comfort. 
 
1. BACKGROUND 
Hornsby Shire Council, responsible for the second largest local government area within the Sydney metropolitan 
area, prides itself on its proactive approach to ensuring sustainable energy principles are incorporated into both its 
community and corporate programs. Hornsby’s programs and actions targeted towards energy efficiency and 
greenhouse gas reduction are primarily driven by its participation in ICLEI’s Cities for Climate Protection (CCP™) 
program. CCP™ Australia councils commit to reaching milestones to achieve sustainable, long-term reductions in 
their greenhouse gas emissions. 
 
As part of the CCP™ program, HSC pioneered the implementation of energy performance contracts in local 
government. It involved approximately 250 council maintained building and park sites and incorporated a variety of 
energy and water conservation measures including equipment upgrades, energy and lighting management systems 
and photovoltaic and solar thermal installations. This and other programs contribute to HSC’s strategic intent to 
reduce the 1996 baseline greenhouse gas emission levels by 30% for its own activities and 5% due to the local 
community by 2010. As at June 2006, HSC has cut its own greenhouse gas emissions by 24% from 1996 levels. 
 
In 2000, the Australian Greenhouse Office (AGO) offered funding through the Emissions Reduction Incentive 
Program (ERIP). The major aim of ERIP was to assist councils to undertake projects resulting in sustained 
greenhouse gas abatement not expected to occur in the absence of ERIP funding and delivering abatement 
exceeding 250 tonnes of CO2-e per annum. 
 
With objectives of significantly reducing the greenhouse gas emissions due to electricity use in one of its major 
buildings and to increase public awareness of energy conservation measures, HSC was a successful applicant for 
the ERIP program. HSC approached CSIRO Energy Technology to develop an innovative and single operation 
energy and greenhouse gas saving measure to meet the ERIP requirements. 
 
Hornsby Central Library was chosen as an ideal site for such a project as it is located in the Hornsby CBD, it attracts 
approximately 840,000 visitors a year and is one of HSC’s major electrical energy consuming sites. Originally built as 
a supermarket, Hornsby Central Library has a floor area of approximately 3200 m2. It operates 4900 hours/year (4500 
hours open to public) and had an annual energy consumption of approximately 450MWh. Based on the generation of 
this electricity with black coal in NSW and including transmission line losses, the library had a greenhouse gas impact 
of approximately 438 tonnes CO2-e/year. 
 
2. DESCRIPTION OF THE HVAC SYSTEMS 
 
2.1. Conventional DX system 
A HVAC system comprising of two conventional DX package units (APACs) was installed in 1995 when the site was 
converted from a supermarket to become Hornsby Central Library. APAC_1 is used to condition the staff areas on 
the eastern side of the building and the southern wall of the public area. The larger APAC_2 unit conditions the staff 
& public areas on the northern end of the building. Specifications of these units are given in Table 1. 
 

Table 1: Specifications of the existing APAC HVAC units 
 APAC_1 APAC_2 
Model APAC S140 HP/BH APAC S195 HP/BH 
Compressors 4 x 9.7kW 4 x 12.0kW 
Condenser Fans 4 x 0.75kW 4 x 3.0kW 
Evaporator Fan 7.5kW 11.0kW 
Total Electrical Power 49.3kW 71.0kW 
Peak Cooling Power 140kWt 195kWt 
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This is a fixed air volume system where balance between different zones must be achieved by manually adjusting 
airflow at each outlet vent. As a consequence, different ambient conditions and changes in usage patterns mean that 
the air balance is rarely ideal and there are hot/cold spots in different areas through the zones. A general observation 
is that the public areas (whose vents are at the end of the air ducts) tend to be slightly warmer than the staff areas. 
The conventional system delivers around 17000l/s of conditioned air to the library, of which around 10% is fresh.   
 
Early in the project, two studies were undertaken into the performance of the existing system – one developing a 
thermal model of the building based on its usage patterns, size, orientation, building materials and window openings, 
whilst the other involved logging power consumption and thermal performance of the APAC system to allow 
validation of the former. These studies gave a number of insights into the operation of the existing system, including: 

• Of the 4500 hr/year that the library is open, the HVAC system operates in cooling mode for around 
2750 hours and in heating mode for approximately 1200hrs.  

• A typical day consists of the HVAC system operating in heating mode for several hours in the 
morning, before switching to cooling mode for the remainder of the day. As a consequence, part of 
the work the HVAC system is doing in the afternoon is pumping out the heat that it pumped in in the 
morning. The cogeneration system carefully controls the building heating so that less energy is 
wasted in this manner. 

• Each existing APAC system has its own independent control system – since these operate on 
different sensors and are often adjusted to different setpoints, it was fairly common for the existing 
APAC systems to be fighting against the other – with one in heating mode while the other was 
cooling. Note that the library is basically a single large open area so both units condition the same 
air space.  

 
2.2. Novel desiccant based cooling system 
2.2.1. System description 
A schematic showing the key features of the final system design is given in Figure 1. The main system components 
are: 

• Munters desiccant wheel 
• Munters heat exchange wheel 
• Evaporative coolers on both fresh and return air streams 
• Cummins 60kW microturbine (with Copeland scroll compressor to boost gas pressure). 

 

 
Figure 1: Schematic diagram showing main components of the trigeneration system  

and the interconnection to the existing HVAC system 
 
There are three modes in which the system operates – heating, cooling and economy. In all modes, the system 
delivers 4,000 litres/second of fresh, conditioned air to the existing HVAC system, which mixes it with up to 13,000 
litres/second of return air for delivery to the library. The process also consumes 2,000 litres/second of return air, 
which is supplemented with fresh air as necessary to facilitate balanced air volumes through both halves of the 
desiccant and heat exchange wheels. 
 
Cooling Mode: In Figure 1, the stream of incoming fresh air flows from left to right in the top chamber of the 
desiccant cooler. It passes first through the upper half of a large, rotating wheel (the desiccant wheel), which takes up 
water out of the air by means of its honeycomb of air passages coated with silica gel. This drying process also 
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unavoidably heats up the air. After emerging dry (but hot) from the desiccant wheel, the air then encounters a heat 
exchange wheel.  Pre-cooled by the air conditions in the lower chamber, the metal honeycomb of air passages 
forming this rotating wheel cools the dry air before it is supplied to the building’s air handling system. An evaporative 
cooling stage, incorporated as the final element in the supply air system, is provided for humidity control and for 
additional cooling if required. 
 
Return air from the building passes right to left in the lower chamber of Figure 1.  As it enters the desiccant cooler, 
the air passes first through a set of evaporative cooling pads that essentially saturate the air and therefore cool it.  
This wet, but cold, airstream then passes through and cools the heat-exchange wheel (thereby indirectly cooling the 
incoming airstream in the upper chamber). In so doing, the return air is, in effect warmed by the sensible heat 
generated by the water sorption process taking place in the supply airstream in the upper chamber. In order to de-
sorb water from the desiccant wheel (and so regenerate it), it is necessary to heat the air downstream of the heat 
recovery wheel to a temperature of 70 to 95 °C. This is done by thoroughly mixing the microturbine exhaust with the 
return air stream in appropriate proportions. The psychometric chart in Figure 2 is shown overlaid with the main 
processes – labeled A-D on the fresh air stream and 1-3 on the return air stream (labels A-D & 1-3 are as shown in 
Figure 1). 
 

 
Figure 2: Standard ASHRAE Psychrometric chart showing main process points in the 

desiccant cooling system. A-D are representative of the fresh air stream to the library, while  
1-3 indicate the first two stages of the return air system. Labels are as per Figure 1. 

 
Heating Mode: In order to run the desiccant system in heating mode, the heat exchange wheel is turned off and the 
desiccant wheel is run at a much higher speed than for cooling mode. In this configuration, the aluminum honeycomb 
of the desiccant wheel is used to transfer heat to the fresh air stream. Since the heating requirements for the library 
are fairly modest, this method is easily able to supply sufficient heating to the library. 
 
Economy Mode: At times when the library conditions are comfortably within desired conditions and ambient 
conditions are relatively benign, the unit enters an economy mode. In this mode, the turbine is shut down and various 
fans are slowed to minimize power consumption whilst still meeting minimum fresh air requirements for the library. 
Furthermore, when cooling demands are modest, this can be met using both indirect and direct evaporative cooling 
modes without the need to run the turbine (desiccant wheel off and heat exchange wheel on).  
 
3. USER SURVEY METHODOLOGY 
 
3.1. Method 
To compare the difference between the building occupants response to the newer trigeneration system and the old 
HVAC system in mid-winter, the two systems were run on consecutive days. On Tuesday July 18 trigeneration and 
Wednesday July 19 the old HVAC, and a survey of the thermal comfort of patrons and staff using the building was 
carried out twice each day from 11am-12noon and from 3-4pm. The building users were not made aware which 
system was being run each day, or even that the two days were in any way different. Although the user perceptions 
were surveyed only over a two day period, energy performance has been verified with over a year of operational data 
and without any increase in comfort related issues being identified through the normal reporting procedures.   
 
3.2. Survey Instrument 
The survey instrument for the library staff was the Works Canada User Satisfaction Survey tool (Dillon & Visher 1987) 
as modified by Cosby (1996) and Leifer (2003). This allowed comparison of the results with other buildings. The 
survey locates thermal comfort in a context of other comfort issues, however, as the focus of this investigation is 
thermal comfort and energy use and as we relied on the good will of staff to fill out the survey four times, the first 
seven questions, which are related directly to thermal comfort were used and the other questions were summarized 
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as ‘How would you rate your overall satisfaction with your workplace?’ (The questionnaire used is in Appendix A). A 
return of the average difference in satisfaction of 1 is extremely significant, while an average difference of 0.5 is 
significant and differences of less than 0.1 can be considered negligible.  
 
The survey for library patrons was simplified. They were asked to rate the comfort of the temperature in the library 
during their stay on a five point scale similar to the Bedford scale where -2 is ‘too cold’, -1 cool,  1 is warm  and 2 is 
‘too hot’. The library patrons were placed into four age categories (by sight): children, teenagers, adult and retired 
due to likely differences in perception. 
 
The survey of library staff consisted of a (double sided) A4 form with questions (Appendix A) that were answered in 
both the morning (11am) and afternoon (3pm) for the two days of the trial. For a period of an hour starting at each of 
these times, library patrons were surveyed verbally as they left the library – this included patrons who spent 
significantly different amounts of time spent within the library - but this data was not recorded. For full time library 
staff, a 100% survey return rate was achieved, while library patron surveys captured around 80% of the library users 
(with other users unable to speak English or in a rush). Details of staff and patron clothing were assumed to be 
influenced by social norms and not included in this survey, though this will obviously impact upon perceived comfort.  
 
4. USER SURVEY RESULTS 
 
4.1. Measured performance 
The library building management system captures data logs of energy usage and conditions allowing the formation of 
a quantitative view of the system performance for comparison with user perceptions. The most relevant of these 
measurements are plotted in Figure 3 for times between 7am and 5pm. Staff arrive between 8-9am and the library 
opens to the public at 10am.  
 
The top plot shows temperatures measured at 4 locations (two in public areas, two in staff areas) over the survey 
period. The loans area is the coldest location in the library, being located on the south eastern corner of the building, 
shaded by adjacent buildings and heavily effected by air leakage through the main doors of the library (as is evident 
by the temperature drop at 10am when the library opens to the public). Both new and old systems are only able to 
maintain around 20°C in this zone. In other zones, we see that in these winter conditions, the trigeneration system 
allows the temperature to run about 0.5°C lower than the conventional HVAC system. 
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Figure 3: Measured performance of the conventional HVAC (grey) and trigeneration (black) systems  

over the two days of the survey.  Note that for the top plot, there are two sensors in each of the  
staff & public zones. For the duct temperatures, outputs of both APAC1 & APAC2 are shown.  

 
The middle plot of Figure 3 shows both ambient conditions and the conditioned supply air temperatures. We note that 
both days were quite cold, with 18th (trigeneration) averaging around 13°C, while on the 19th the ambient temperature 
averaged around 11°C. The measured supply air (duct) temperatures are the temperatures that someone sitting 
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directly under an air vent would be exposed to. We note that the trigeneration system has significantly less variation 
in duct temperature which should positively impact upon temperature swings experienced by building occupants. 
 
The bottom plot in Figure 3 shows the total building power consumption throughout the each day. Measuring total 
building consumption allows us to capture the effects of portable heaters and some single room air-conditioning units 
which people may use/adjust if dissatisfied with conditions. On the 18th with the trigeneration system running, the 
building used 770kWh whilst on the 19th with the conventional HVAC system 940kWh were consumed. 
 
Additionally we note that the trigeneration system delivers around 4000l/s fresh air to the library compared with 
around 1700l/s for the conventional HVAC system. We expected this improvement in air quality to be perceptible. 
 
4.2. Perceived comfort 
Over the two days survey responses were obtained from 22 library staff. There was a 100% response rate from the 
14 full-time staff present for the whole two day survey period. The incomplete responses of the 8 staff who were only 
present for one of the survey days are excluded from these results presented below as this sample set is too small to 
be statistically significant. 
 

Table 2: Average response of the 14 full time staff. (Note that Q33 is not specific to either HVAC system) 
Q Question New Old  Diff Q  Question New Old  Diff 
1 Temperature Comfort  11am 2.43 1.57 0.86 5 Ventilation Comfort 11am 2.43 2.07 0.36 
                                       3pm 2.36 1.86 0.50                                    3pm 2.43 2.43 0.00 
2 How Hot                      11am 3.64 3.71 -0.07 6 Air Freshness         11am 2.79 2.71 0.07 
                                       3pm 3.54 3.50 0.04                                    3pm 2.71 2.77 -0.05 
3 How Cold                    11am 1.69 1.57 0.12 7 Air Movement         11am 2.57 2.43 0.14 
                                       3pm 2.29 2.07 0.21                                    3pm 2.50 2.50 0.00 
4 Temperature Shifts     11am 2.57 2.29 0.29      
                                       3pm 2.71 2.50 0.21 33 Overall Satisfaction 1.77 

 
 
There was marginally less dissatisfaction on the 18th with the new system rather than the 19th with the old HVAC. 
The most major difference occurred in perceived ‘Temperature Comfort’, with the full-time staff scoring the new 
system nearly a full point higher on average. This score for the new system is still below satisfaction. Rowe’s 
database of Building User Satisfaction in over 40 non-residential buildings shows the average temperature 
satisfaction as around 2.9 (Rowe 2004). The data for the question “how hot” shows satisfaction but this conceals a 
polarization where two responses were “too hot” and a significant vote was for “too cold”.  The full time staff noticed 
more the temperature shifts of the old HVAC rating it slightly lower. In the morning the full-time staff noticed a slight 
improvement in the new system’s ventilation comfort. Again, even with this improvement the system was still below 
average satisfaction (from Rowe’s database average is 2.85). Staff noticed no difference in the ventilation comfort in 
the afternoon, the air freshness or the air movement between the systems.  
 

Table 3: Average of Thermal and Ventilations questions from full-time staff 
  New Old Diff   New Old Diff 

11am 2.59 2.46 0.13 11am 2.25 2.04 0.21 Thermal 
(Q1+Q2+Q3+Q4)/4 3pm 2.73 2.67 0.06 

Thermal 
(Q1+Q2+Q3)/3 3pm 2.49 2.35 0.14 

   Difference  11am-3pm 0.14 0.22     Difference  11am-3pm 0.24 0.31  
11am 2.44 2.37 0.07      Ventilation 

(Q5+Q6+Q7)/3 3pm 2.45 2.64 -0.19      
   Difference  11am-3pm 0.01 0.27       

 
 
Table 3 combines the scores from thermal and ventilation questions. It can be seen the new system is rated 
negligibly better, excepting ventilation in the afternoon which is negligibly worse. Of interest is that the difference in 
satisfaction between the two systems is less than the difference between morning and afternoon.  
 
Over the two days, over 400 library patrons were surveyed. Results are shown below in Figure 4. A higher 
percentage rated the comfort level delivered by the new system used on July 18 as "ok" than the old HVAC 
experienced on July 19. However a slightly greater percentage voted the new system "too hot "or "too cold" than the 
old, especially in the morning. It is possible the external temperature was affecting the vote as it was highest between 
10am and 11am July 18, reaching 15.5°C.  
 
On July 18 only 9% and 6% at 11am and 3pm respectively were voting the temperature “warm” whereas on the 
second day 23% voted the library as “warm”. This may be a function of the different systems or it may be due to the 
external temperatures. Though both days were overcast with rain periods, the day the old HVAC was run the external 
temperature from 10 am to 4pm ranged between 10 and 12°C producing a greater difference between the internal 
temperature and the external than experienced on the previous day with the new system. Two patrons said they 
noticed that it was warmer than usual with the old system on July 19.  
 
Although it was expected that the thermal comfort perceptions of children, teenagers and retired people would be 
different from adults, no significant difference was found (less than 2% variation in Figure 4 with these categories of 
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people removed from the results). Removing children, teenagers and the retired slightly reduced the percentage of 
those voting “warm”, indicating that adults may be slightly less sensitive.  
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Figure 4: Comfort rating by the library patrons over the 4 surveys. The trigeneration system 

was surveyed on 18th and the old HVAC system on 19th July, 2006. 
 
5. DISCUSSION 
 
5.1. The role of Clothing and Activity level in Thermal comfort Perception 
The staff in the library are overwhelmingly female with only 3 of the 22 surveyed being male. Nearly half the staff 
found the temperatures were too cold with either system (New 45%, 30%, Old 44.4%). Parsons (2002) researching 
office conditions found that though there is similarity in responses between females and males to temperatures in the 
range of neutral to slightly warm, however, females were more sensitive to discomfort in temperatures from 20°C to 
18°C and less able to make adjustments in clothing than males.  
 
The majority of patrons, in contrast to the staff, found the temperatures comfortable. It was observed that library 
patrons in general were dressing to external weather conditions, which were below 16°C and not removing layers 
once in the library, either because they thought their stay was to be short or because their perception was that the 
internal conditions were cool. There were 17 comments regarding clothing, including: “It’s ok because I am wearing 
all these clothes” and “it’s really hot in here but I have 4 layers on”.  
 
Three patrons commented on the effect of their activity level, where walking to the building made them feel that it was 
hot inside. Both comments regarding clothing and to activity level would indicate reasons why the Library patrons are 
happy with the low internal temperatures when the staff are dissatisfied. The staff’s expectation is that they may 
remove scarves and bulky coats once inside. They also are much more sedentary than many of the patrons. 
 
There were a few comments that indicated that some may be voting the temperatures “ok” when they feel “warm”, 
especially on Wednesday July 19, 11am-12noon, for example: “It’s nice and warm, it’s good!”. Humphries and Nicol 
(2002) suggest outdoor temperatures affect people’s concept of warmth categories. The colder external 
temperatures, especially on Wednesday July 19, may have affected the response to the internal temperature.  
 
One perceptive patron said “Don’t take what I say. I haven’t been here long enough to feel it. You would have to be 
here for about an hour.” The patrons may make only a short stay in the library, and unlike the staff, they experience 
the internal conditions in juxtaposition with the external conditions.  
 
Libraries have two distinct groups of occupants with very different thermal comfort needs. The findings from this study 
will relate to other buildings such as shops, banks and community service buildings where one group of building 
users are transitory with higher activity levels and another group are sedentary. In winter, transitory people may 
require lower temperatures than the more sedentary staff.    
 
5.2. The role of Aesthetics 
Two patrons comments indicated that the building was not thought highly of: “They should build a better library” and “I 
thought they were knocking this place down”. The patron’s perception of the quality of the building does not seem to 
affect their response to the thermal comfort. The staff response showed dissatisfaction with their workplace and one 
comment was that the air always seemed stale as they had no window. This comment fits with the observation at the 
site visit that illuminance levels and finish quality were lower back of house and that there was poor placement in air 
conditioning outlets. It is possible staff perception that their workplace is of a lower standard than they could desire 
may be affecting their perception of the thermal comfort. 
 
CONCLUSION 
The Hornsby Library trigeneration system has achieved a significant reduction in energy consumption and CO2 
emissions at no cost to comfort. The survey has shown that library patrons have perceived an improvement in 
conditions with the new trigeneration system. Library staff only noticed a very slight improvement in conditions. 
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As the survey was carried out in July, these results reflect winter conditions. Much of the benefit of the trigeneration 
system comes from the greater energy savings in the summer months, so it is intended that the survey will be 
repeated mid summer. We believe the differences will be more evident in summer as anecdotal evidence showed 
high discomfort (numerous complaints) when the old HVAC system was inadvertently run for several days in a 
previous summer. Repeating the survey in mid summer will also allow additional questions to help establish what 
comfort factors other than thermal comfort are influencing the staff satisfaction with their workplace. 
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APPENDIX A – Comfort Survey 
 
Questions 1-7 relate to thermal comfort and air quality and were answered at 11am and 3pm over two consecutive 
days. Question 33 relates to overall satisfaction with the work environment and was only asked once. 
 

1. 
 

Temperature Comfort Bad 1 2 3 4 5 Good 

2. 
 

How hot it gets Too Hot 1 2 3 4 5 Comfortable 

3. 
 

How Cold it gets Too Cold 1 2 3 4 5 Comfortable 

4. 
 

Temperature Shifts Too Frequent 1 2 3 4 5 Constant 

5. 
 

Ventilation Comfort Bad 1 2 3 4 5 Good 

6. 
 

Air Freshness Stale Air 1 2 3 4 5 Fresh Air 

7. 
 

Air Movement Stuffy 1 2 3 4 5 Circulating 

33. 
 

How would you rate your overall 
satisfaction with your workplace? 

Dissatisfied 1 2 3 4 5 Very Satisfied 
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ABSTRACT: Comfort has become synonymous with the consumption of applied energy. As global 
concern about the environment increases (e.g. consumption of scarce and diminishing energy 
resources), it is timely to look into the relationship between comfort practices in the built environment 
engendered by comfort standards and building energy use, particularly in office buildings. This paper 
builds on the findings of the thermal comfort field study carried out in air conditioned office buildings in 
Makati City (Manila), Philippines to investigate the applicability of the universal values of comfort 
temperatures recommended by international comfort standards. It reports on how the comfort 
preferences and perception of the Filipino office workers bear on building energy use and consumption 
and the consequent societal implications. 
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INTRODUCTION 
People adapt as well as modify both their behaviour and environments to correspond with the societal expectations of 
thermal comfort. With the technologies of the modern world, dependence on mechanical systems in the built 
environment became the norm. Air-conditioning technologies for example, have transformed what is regarded as 
‘normal’ buildings in many different parts of the world. The comfort expectations worldwide brought about an indoor 
climate revolution wherein indoor climates are converging: hot environments are being cooled while cold indoor 
environments are being heated (Guy & Shove, 2000). While there is an implied recognition that the quality of indoor 
environments should not be improved at the expense of higher energy consumption, this is seldom made explicit. A 
consequence of climatically controlled environments for the provision of comfort is the dependence on the 
consumption of energy. Opportunities for reducing energy consumption in buildings through the control of indoor 
temperatures form the basis of investigating the impact of universally applied values of comfort temperatures 
recommended by comfort standards (ISO, 1993; ASHRAE, 2004).  
 
This paper presents the key results of the thermal comfort study carried out in Makati City (Manila), Philippines. As 
with most countries in tropical Southeast Asia, air conditioning for cooling is most certainly widespread in modern 
office buildings in the Philippines (Fowler, 2005). The ANSI/ASHRAE Standard 55, Thermal Environmental 
Conditions for Human Occupancy is used extensively as reference for comfort levels (National Building Code of the 
Philippines, 2000). The findings of this study show that the office buildings operated within a narrow temperature 
range and had bandwidths of temperatures that correspond to the lower spectrum of the comfort criteria prescribed 
by the standards. However, occupant perception of the indoor thermal comfort in response to these conditions is one 
of acceptance, more so, of preference (Andamon, 2005). Building on these findings, this paper will investigate the 
impact of the observed temperature preferences and will highlight how the expectations of thermal comfort effect 
increased energy consumption in the office environments. 

1. PHILIPPINE THERMAL COMFORT STUDY: INDOOR CLIMATES AND OCCUPANT COMFORT 
PERCEPTION 
Using the Philippine office environment as a case study, the research primarily examined the applicability of the 
universal values of comfort temperatures recommended by thermal comfort standards. Central to the study is the 
comfort field investigation, which involved both the monitoring of indoor climatic conditions of five air conditioned 
office buildings using laboratory-grade instrumentation and the subjective assessments solicited from 277 office 
workers by way of questionnaires and interviews. The indoor environment monitoring equipment used in this 
(Class II) field investigation consisted of a globe thermometer, omni-directional anemometer, temperature and 
humidity probes. This instrumentation measured the physical quantities of air temperature, relative humidity, globe 
temperature and air velocity which described the conditions of the offices within the surveyed buildings. 
 
The survey questions on current environmental conditions administered to the office workers provided a ‘snapshot’ of 
how the occupants perceived their work environment which can be directly correlated to the physical data 
simultaneously measured. The survey likewise covered questions designed to elicit information to allow examination 
of the conceptual meaning of comfort and for greater analysis of the relationship between comfort and various 
psychological parameters. 
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The objective physical measurements of the surveyed Philippine offices showed averages of indoor conditions 
(Figure 1) that were within the standards’ prescriptions for both the winter and summer comfort zones (20.0°C to 
26.0°C), albeit these offices were found to have conditions on the cool side, with temperatures generally lower than 
the statutory limit of 23.0°C (summer comfort criteria). For all the buildings, air temperatures ranged from a minimum 
of 20.9°C to a maximum of 27.7°C with an average of 23.7°C. 
 

 
 

Figure 1: Distribution of Indoor Climatic Measurements on 
ANSI/ASHRAE Standard 55-1992 

* each symbol represents climatic values for a workstation visit 
 

 
Figure 2: Comfort (Sensation) Responses 

 
Interestingly, the comfort perception of the low mean temperatures and temperature ranges found in the Philippine 
office buildings is one of acceptance and preference. The central tendency of the comfort responses clustered 
around the cooler sensations (Figure 2), yet finding the conditions acceptable (Figure 3). The thermal preference of 
the office workers in this study translate to a lower and narrower temperature range of 21.5°C to 24.5°C, at 80% 
acceptability, best described by the regression model, Comfort/Acceptability = -6.913T2 + 314.83T – 3486.9 (r2=0.79, 
F=10.97, p<.05), where T is the indoor temperature (Figure 3). A significant number of office workers would feel 
uncomfortable at temperatures beyond 24.0°C to 24.5°C. The lower limit of the acceptability (preference) temperature 
range pushes the lower limit of the summer comfort criteria of 23.0°C to 26.0°C outward by 1.5K. Notably, the 
acceptability temperature range closely matches the winter design criteria of 20.0°C to 23.5°C. 
 
The responses of the office workers in this study contradicted currently accepted thermal comfort theory. The ‘one-
dimensional’ classical thermal comfort theory has been to strictly provide and maintain a neutral state. Following the 
conventional analysis of thermal comfort, the responses of the office workers implied a thermal neutrality of 26.4°C 
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and a comfort zone as defined by the standards over a broader temperature range (23.3°C to 29.5°C) than the 
summer design criteria (23.0°C to 26.0°C) (ASHRAE, 1992). This extends the upper limit of the summer comfort zone 
outward by as much as 3.5K. The implication of this analysis is that within the standard’s definition of comfort zone, 
the limits of acceptability of indoor conditions can be defined wider than the prescription of the standards. This 
indicates that without sacrificing comfort, energy conservation opportunities can be adopted through the relaxation of 
the upper temperature limits. 
 

 
Figure 3: Acceptability of Indoor Thermal Comfort Conditions 

Area of each dot is proportional to the number of subjects in the sample 
 
However, a significant finding of this study is that office workers were comfortable and find acceptable (preferable) 
office conditions that are outside the summer comfort zone specifications of the ANSI/ASHRAE Standard 55-1992, 
specifically on the cooler side of the spectrum. The optimum temperature value that best describes the comfort 
temperature (preferred temperature, TPref) of the office workers is 22.2°C, derived from the regression model, 
TPref = -0.183T + 4.054 (r2=0.85, F=55.32, p<.0005), where T is the indoor temperature. 
 
For an office population who have been acclimatised to the outdoor hot humid climate, the subjects in this study 
preferred much lower temperatures than the recommended values of the comfort standards. The findings can be 
summarised as this – the measured temperatures found in the office environments are low, the subjects find these 
conditions in the main to be cool or cold and in general prefer this situation or wish to feel cooler. In comparison with 
the results of other comfort studies in the Southeast Asia region (Karyono, 1996), where indoor conditions of air 
conditioned office buildings can be characterized as approximately similar in temperature range (22.8°C to 23.6°C), 
the thermal neutralities of the Southeast Asian subjects were found to be higher than 24.0°C, which agrees well with 
the recommended design values of the comfort standards. Equating the preferred temperature as the comfort value 
for the Philippine sample (22.2°C), the comfort temperature would be 2.0K to 2.4K lower than the comfort values 
found in the other studies in the region, indicating that there is a significant difference in the comfort conditions 
preferred by Filipino office workers in air conditioned environments. 
 
The findings of lower temperature preferences in this field study were found to be not significantly different from the 
preferences of occupants of air conditioned offices in temperate climates, where the neutral temperature values 
closely approximate the preferred (acceptability) responses of the Filipino office workers. In Manila, where air 
conditioning in offices have become a norm, it would seem that indoor climatic expectations have been raised to the 
levels similar to those in Australia, the US and the UK (de Dear, 1998; Nicol & Humphreys, 2004). Due to the amount 
of energy spent to achieve comfort conditions in air conditioned office buildings, the occupants’ satisfaction with 
conditions beyond the limits of the standards, particularly the lower limit, can be a critical issue. 
 
Nevertheless, as the data of this study suggest, the perception of indoor climates as observed seems not strictly 
determined by indoor thermal conditions and personal variables that affect physiological processes. It is suggested 
that comfort responses in climatically controlled environments may only be tangentially related to comfort standards 
and have much to do with cultural, social and contextual dimensions (Kempton & Lutzenhiser, 1992; Humphreys & 
Nicol, 1998), which have only been regarded by the prevailing comfort paradigm as secondary factors. Thermal 
perceptions of and satisfaction with the indoor climate are indicated to be strongly influenced by non-thermal factors. 
The background to explaining the impact of psycho-social and contextual factors on comfort perception and 
expectations has on social and cultural practices in the Philippines is beyond the scope of this paper and is discussed 
elsewhere (Andamon et al., 2006). 
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2. INDOOR COMFORT TEMPERATURE AND BUILDING ENERGY CONSUMPTION 
The five surveyed office buildings exhibited relatively similar indoor climatic conditions (Figure 1). To investigate and 
examine the impact of the observed temperature preferences of the Filipino office workers on building energy 
consumption, one of the surveyed office buildings, the Ayala Tower One (ATO), was further studied. The analysis of 
building energy performance of ATO was carried out using the energy simulation software package Ener-Win Pro 
Version 2002 (Degelman & Soebarto, 2002). The energy use modelling of ATO provided energy calculations which 
were compared to actual energy figures and data made available by the building managers (Ayala Property 
Management Corporation, 2002). Based on the Philippine building energy standard, “Guidelines for Energy 
Conserving Operation of Buildings and Utility Systems (Volume II)” (Philippine Department of Energy, 1992), the 
energy index value for cooling for office commercial buildings is 90 KWh/m2/year. At the building temperature setting 
of 24.8°C, the energy consumption for cooling is 105.4 KWh/ m2/year, which exceeds the energy target by 17.1% 
(Figure 4). 
 

 
Figure 4: 2002-2003 Air Conditioning (Cooling) Energy Index for Ayala Tower One 

Estimated annual cooling energy consumption due to change in temperature settings 
 

 
Figure 5: 2002-2003 Energy Use Calculations for Ayala Tower One (ATO) 

Annual Increase/Reduction of Energy Consumption 
 
Although the building temperature design was set at 24.8°C, the actual indoor climatic measurements taken in the 
ATO offices indicated an average of 23.4°C To and workstations were observed to have modal temperatures of 
22.6°C To. Using the energy calculations at 23°C as the base case, analysis of the results of the energy modelling of 
ATO at the temperature settings of 20°C to 26°C indicate that raising the temperature setting from 23°C to 24°C 
would reduce the cooling energy consumption by 1.4% and total energy consumption by 0.6% once lights, power, 
equipment and other uses are taken into account (Figure 5). At a temperature setting of 25°C, the reduction in 
cooling and total energy use would be 2.2% and 0.9%, respectively. Similarly, lowering the temperature setting to 
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22°C to correspond to the preferred temperature of 22.2°C showed an increase of 1.5% in air conditioning energy 
consumption and 0.6% in total energy consumption. The lower limit of the preferred temperature range at 21.5°C 
would result in increased annual cooling energy use by approximately 4.8% and 1.9% in total energy use. 
 
Although in terms of energy consumption, the percentage reductions to illustrate the energy savings were not 
considerable, the monetary equivalent of the increase and reduction are quite significant (Table 1). The reduction of 
1.4% in cooling energy use by raising the temperature settings from 23°C to 24°C is equivalent to an annual cost 
saving for the building of US$10,300 (or US$0.10/m2 at ATO floor area of 105,685 m2). At 25°C, the further reduction 
in cooling energy use by 2.2% is tantamount to an approximate cost saving of US$16,200 (US$0.15/m2). 
 

Table 1: Ayala Tower One (ATO) 2002-2003 Air Conditioning Energy Use and Consumption 
 Cooling Energy Consumption (2002 Energy Figures) 

 
Value in US$* 

 
Temperature 

Setting 

 
Cooling Energy 

Use  
(KWh) 

Increase (+) or 
Reduction (-) 

(KWh) 
[from base 

temperature, 23°C] 
Increased 

Cost 
Savings 

22°C 6,502,000 +97,700 $11,200  
23°C 6,405,000 - - - 
24°C 6,315,000 -89,500  $10,300 
25°C 6,263,000 -141,300  $16,200 

 
*Cost of electricity: US$0.115 (PhP 6.23)/KWh in 2002-2003 (Ayala Property Management Corporation, 2002). 
US$ exchange rate in 2003: US$1=PhP54.20 (Asian Development Bank, 2005). 

 
Conversely, the preferred temperature of 22.2°C would result in increased annual cooling energy consumption of 
approximately US$11,200. Although ATO figures do not correspond to the other four buildings in this study, for 
purposes of discussion and illustration, with all the five surveyed office buildings (approximate total floor area of 
400,000 square metres) observed to be operating at similar temperature conditions and exhibiting the same modal 
temperatures, raising temperature settings by 1°C approximately equates to an annual cost saving of around 
US$40,000. Similarly, an increase of 2°C from 23°C could indicate a savings of around US$60,000. These figures do 
not seem substantial. However, with the further assumption that all other similar high-rise office buildings in Makati 
City (CBD), Philippines could exhibit relatively comparable indoor climatic conditions as with the surveyed buildings in 
this study, at the current number of 137 completed high-rise buildings (Commercial Real Property of Asia, 2005) 
(again, notwithstanding building floor area, building design envelope and designed cooling capacity and using the 
average floor area of the five surveyed buildings at 80,000 square metres), the 1°C to 2°C increase in temperature 
settings could collectively effect cost savings of around US$1.1M to US$1.6M annually. 

3. SOCIETAL IMPLICATIONS OF BUILDING ENERGY USE 
Viewed in the light of the poverty context, the annual cost savings due to the reduction of cooling energy consumption 
brought about by the adjustment in indoor temperature settings would mean that curbing energy consumption would 
have an effect on good economy as monetary resources could be channelled to projects geared toward the 
alleviation of poverty in the Philippines. In 2003, the poverty incidence in the country using the international poverty 
line of US$1 per day purchasing power parity (PPP) prices was 11.1%, higher than the average for Southeast Asia 
(5.8%) (Asian Development Bank, 2005). Although the economy recorded growth of more than 4% annually in 2001-
2004, ADB further reported that the Philippines provides a concrete example of GDP (gross domestic product) growth 
that did not reduce poverty. The economic growth has not been high enough to keep up with population growth: the 
GNP (gross national product) per capita has lingered at around US$1,000 for the last 20 years (Asian Development 
Bank, 2005). 
 

Table 2: Poverty Incidence in the Philippines and Ayala Tower One (ATO) Air Conditioning Energy Use 

 POVERTY INCIDENCE versus 
COOLING ENERGY CONSUMPTION 

US$1-a-day 
International Poverty Line** 

 
Temperature Setting 

 
ATO Annual Cost 

Savings  
(US$)* Population 

Headcount 
Number of 
Families 

23°C to 24°C US$10,300 
(Php557,500) 

28 5.6 

23°C to 25°C US$16,200 
(Php880,500) 

45 8.9 

 
* US dollar exchange rate as published by the Central Bank of the Philippines in 2003: US$1=Php54,20 
(Asian Development Bank, 2005). 
**At 2003 exchange rates, annual per capita $1 poverty threshold is Php19,783. With 5 as the average 
family size in the Philippines, annual $1 poverty threshold per Family is Php98,915 (Asian Development 
Bank, 2005). 
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Further exploring the significance of the reduction of cooling energy use of Ayala Tower One as a result of the 
adjustments in the temperature settings indicate that using the international poverty line of US$1 per day at 2003 
US$-PhpPeso currency exchange rates, the annual cost savings of approximately US$10,300 to US$16,300 for ATO 
would impact 6 to 9 Filipino families of 5 members who do not have one nominal US dollar per person per day (Table 
2). 
 
Published figures indicate that in 2000, 45.4% of Filipino families or an estimated 6.9M poor families lived below the 
poverty line (Asian Development Bank, 2005). Thus, the loose translation of the potential reduction of cooling energy 
use (approximately US$1.1M to US$1.6M) effected by a 2-degree increase in temperature settings in approximately 
137 high-rise office buildings in Makati-CBD would be its substantial contribution to the alleviation of poverty for 
almost 600 to 900 families. 

4. COMFORT PRACTICES AND CONSUMPTION PATTERNS 
The technical specification of comfort, informed by physiological “proof” of what people need, aligns with the interests 
and capabilities of the climate control industry. The notions of comfort have been defined by the engineering comfort 
models that assume human-building interactions to be straightforward physical relationships and these are firmly 
enshrined within design guidance for the built environment. This standardization of indoor climates which 
consequently shaped and maintained societal comfort practices and conventions has far reaching implications. For 
example, the preference for indoor conditions by the Filipino office workers in this study places an overwhelming 
demand for constantly cool indoor temperatures: the greater the cooling stimulates the need for more. More than the 
influence of the standards in the change in beliefs and expectations about comfort, the technological advancement in 
the management and control of indoor environments also naturalized its need in society. 
 
The translation of the emphasis on the physical meaning of comfort in the built environment meant that concepts of 
comfort have become synonymous with the practices associated with the air conditioning technology (Prins, 1992). 
Consequently, comfort progressed on as a commodity or a recognisable service deliverable by way of universally 
specified design guidelines and standards. The use of the quantitative thermal comfort criteria entrenched in the 
design standards has become a resolute basis of current comfort practices. The attraction of design standards and 
procedures is their utility, which reduces human comfort to an engineering problem that can be resolved by simple 
calculation (Cooper, 1982). The indoor criteria embodied in the standards for built environments moulded the concept 
of comfort as a uniform thermal condition – easily promoted, marketed and delivered to consumers. This physical 
definition of comfort became a legitimising rationale for consumption patterns as the specifications of comfort are 
driven by consumer expectations. 
 
Cool comfort as a commodity dependent on the use of the energy intensive technology of air conditioning has 
become an aspect of everyday life with significant impacts on energy consumption. Insights on the anchoring of the 
escalation of the demand for comfort on the collective habits and practices (behaviour) of a society provided a better 
understanding of how the demand for the consumer good of ‘comfort’ relates to energy consumption. Understanding 
the latent factors that propel these comfort practices, likewise allows insights on the future of energy demand. 

5. CONCLUDING DISCUSSION 
The interdependence of people’s preferences and associated choices has been brought into the discourse of 
economics and consequently, consumption. This interdependence has become a cornerstone in explaining societal 
behaviour. This study has further shown that the value system underlying behavioural patterns should be questioned 
as well as the social and technological conditions that support and maintain the existence of these patterns. Comfort 
studies have long recognized the involvement of the human aspects in the pursuit of optimal indoor environments. 
However, defining comfort not as a universally specifiable state but as a social and cultural achievement (Shove & 
Chappells, 2003) has to be explored further. The representation of the framework of the dynamic collective norms 
and practices of comfort with the technologies and services that engender and sustain it, indicated that it is not 
realistic to believe that the use of these energy intensive services be mitigated when at the same time, the existing 
consumption values and normal collective practices (ways-of-life) prevail. 
 
As global concern about the environment increases, it is timely to look at the relationship between comfort practices 
and energy use in buildings. With air conditioning systems being sold and bought the world over, its technologies 
have transformed the building stock in the globally diverse climatic regimes. The universally applied engineering 
standards, predicated on a framework that advocates the separation of the technical and social constructs of comfort, 
which inform the control of indoor environments the world over have homogenized the definition of comfort and in 
turn affected individual and collective lifestyles. These lifestyles manifested in social conventions and practices and 
cultural expectations have become institutionalized that effect a demand for comfort and consequently impact scarce 
and diminishing energy resources. 
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ABSTRACT: One of the challenges for architectural science in changing climates is to provide 
information on the types of buildings and urban form which are better adapted to a more efficient use of 
energy.  This is particularly relevant when most of this energy is derived from finite supplies of fossil 
fuels.  The energy consumed by residential buildings constitutes a significant portion of the total energy 
used in operation of the built environment and, over the life cycle of dwellings, additional energy is 
expended in the form of the embodied energy of materials used for construction and maintenance. 
 
This paper summarises a project which evaluated both the operational and embodied energy of twelve 
residential areas in Sydney.  It particularly focuses on the techniques of estimating the embodied 
energy of dwellings which included older detached dwellings of modest size from outer suburbs, large 
two storey detached dwellings from wealthy suburbs and high density residential developments located 
in inner suburbs.   
 
The results indicate that the life cycle energy consumption and greenhouse gas emissions of the areas 
comprising two storey houses are significantly larger than those of the inner suburb areas with 
residential units.  However, the life cycle energy consumption of inner suburban areas with apartments 
was higher than that of some areas comprising single storey detached houses.   
 
Conference theme: Building and energy 
Keywords: residential life cycle energy 
 
 

INTRODUCTION 
Climate change resulting from the enhanced greenhouse gas effect coupled with the prospect of increasing costs of 
oil based fuels creates many challenges for the design and operation of urban environments in the future.  There is 
the problem of significantly reducing greenhouse gas emissions of buildings, towns and cities in an attempt to avoid 
excessive global warming effects (Commonwealth Government 2000).  In addition, there is the question of adaptation 
of buildings to adjust to changes in climate and maintain occupant comfort in an energy efficient manner.  Solutions 
to these challenges involve not only building design but also urban form.  The concept of life cycle energy analysis 
becomes important in determining the best urban configurations for overall minimum energy consumption and 
greenhouse gas emissions. 
 
Energy consumed in the construction, operation and maintenance of residential buildings constitutes a significant part 
of the total energy budget of modern urban environments.  To assist those professions involved in making decisions 
about new housing developments, information is required that indicates which dwellings forms have the least life 
cycle energy consumption.  This information must be based on sound research and some work in this area has been 
undertaken (Perkins 2001). Such information will also be of value for the future conversion and upgrading of existing 
residential areas to accommodate more stringent energy efficiency measures. 
 
This paper reports on a recent study comparing the life cycle energy consumption of twelve residential areas in the 
suburbs of Sydney with a particular focus on the embodied energy component.  The methodology was a refinement 
of that developed during a pilot study in late 2001 (Troy at al, 2003) which was based on census collectors districts in 
metropolitan Adelaide.  The twelve areas in Sydney were selected to represent a range of dwelling styles, size and 
location and to cover estates designed and constructed by the New South Wales Government owned Landcom 
corporation and by private developers.  The purpose of the research is to provide information which will contribute to 
the development of more sustainable urban dwelling forms. 
 
1. METHOD  
 
1.1. Case study areas  
Twelve case study areas were chosen and these are listed in Table 1.  The areas which were composed of detached 
houses varied in size, but typically contained 1000 – 2000 houses except for St Clair which contained over 5,800 
houses.  The higher density developments in the Canada Bay council area each contained approximately 300 to 400 
dwellings.  The older houses in the Penrith and Campbelltown council areas were of modest size on large land lots 
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located in the outer suburbs.  More recent developments in the Baulkham Hills and Camden council areas comprised 
of much larger houses with more elaborate external design features particularly in the case study areas of Glenhaven 
and West Pennant Hills.  Case study areas located in the inner suburban council area of Canada Bay are much 
higher density developments and include detached houses, town houses and apartments.  St Clair, St Andrews, 
Glenhaven, Narellen Vale and Kings Bay are all Landcom developments.  Table 1 also shows the average floor 
areas of dwellings in the various case study areas as determined from samples of the limited property records 
available from local government councils.   
 

Table 1: Case study areas and dwelling types 
Case study area Approx. date Council area Dwelling type Average 

floor area 
(m2) 

St Clair  
Cambridge Gardens 

Late 1970s Penrith Mainly single storey detached 
dwellings in outer suburbs. 

167 
181 

St Andrews 
Raby 

Early 1980s Campbelltown Mainly single storey detached 
dwellings in outer suburbs. 

1737 
153 

Glenhaven  
West Pennant Hills 

Late 1980s/ 
early 1990s 

Baulkham Hills One and two storey large detached 
houses.  

313 
333 

Narellan Vale 
Harrington Park 

Late 1990s Camden One and two storey large detached 
houses in outer suburbs. 

201 
237 

Liberty Grove All late 1990s Canada Bay Mainly two storey detached houses. 245 
Cabarita 
 
Kings Bay 
 
Abbotsford 

high density 
developments 
located at 
inner suburbs 

 Two storey detached houses and 
five storey apartments. 
Two to four storey terraced and 
three storey walk-ups. 
Four storey apartment buildings. 

225 
120 
192 
50 
107 

 
The annual operational energy of the case study areas ie the electricity and gas consumption data for 2004 for the 
households was obtained from the relevant energy retailers which were Energy Australia, Integral Energy and AGL.   
 
1.2. Estimation of embodied energy data 
The embodied energy of the main components of the built form in the case study areas was estimated.  This 
comprised of the embodied energy of the ‘as built’ dwellings, periodic maintenance and component replacement, 
roads, water supply, sewer system and storm water system.      
 
1.2.1 Dwellings 
 A new aspect of the methodology for estimating the embodied energy of the detached houses was developed 
compared with that used in the previous pilot study in Adelaide (Pullen et al, 2002).  This was because property 
registers in Sydney metropolitan region did not include details of construction materials used in the dwellings as was 
the case with the South Australian government register.  Hence, it was necessary to determine a model house for 
each case study area rather than evaluate the embodied energy of each dwelling from the property register.  A 
schema summarising the methodology is shown in Figure 1. 
 

‘Drive by’ survey of each case study area 
noting types of dwellings and materials

 
 

Figure 1: Schema showing method for estimating embodied energy of ‘as built’ dwellings 
 

Inspection of drawings of dwellings at local 
council for more construction information

Use SEED spreadsheet to estimate 
embodied energy of model house 

Embodied energy per unit area, per case 
study area and greenhouse gas emissions  

Estimate embodied energy from materials 
in drawings for higher density buildings 

Embodied energy per unit area, per case 
study area and greenhouse gas emissions  

High densit
dwellin

y 
gs 

Detached 
houses 

High density 
dwellings 
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Each case study area was surveyed to determine the nature of the dwellings and surrounding infrastructure.  By 
driving within the case study areas, it was possible to determine whether they were relatively homogeneous in terms 
of the dwelling type.  Where there were different types of dwelling, such as a combination of one storey and two 
storey houses, it was possible to estimate the relative proportions of each type.  Furthermore, the surveys enabled 
observations to be made of materials used in the dwellings which affect the total embodied energy; for example, the 
use of timber or aluminium window frames, the roof pitch, the extent of ornate architectural features, etc.  
Photographs of the different dwelling styles were taken for later reference and these provided confirmation of 
construction details.  Specific addresses which showed typical construction features were noted for further enquiries. 
Inspection of construction drawings at the local council offices enabled critical information to be determined.  For 
instance, houses in the areas developed during the late 1970s and early 1980s were constructed with either concrete 
slab on ground with brick veneer walls, or suspended timber floors with double brick walls, due to the transition in the 
techniques and materials for house building at that time were.  Similarly, many of the houses in the West Pennant 
Hills case study area had double and triple garages in a basement configuration beneath the ground floor requiring 
additional construction information for estimating embodied energy.  Furthermore, the case study areas of Cabarita 
and Liberty Grove had shared swimming pool facilities which also required consideration. 
 
The embodied energies of model single and two storey houses were derived using the SEED spreadsheet technique 
which conveniently estimates embodied energy from basic dimensions and material specifications of houses (Pullen, 
2000).  The spreadsheet can accept embodied energy coefficients for building materials from a variety of sources.  
For this exercise, the coefficients were derived from input-output analysis using the method previously described by 
Treloar (1994) in conjunction with the input-output data based on statistics from 1996/97 (Australian Bureau of 
Statistics, 2001).  These were combined with process analysis data from manufacturers for the direct energy inputs 
into the main construction components to form hybrid embodied energy coefficients which were used throughout this 
analysis.  The main construction components are brickwork, concrete, steel, timber, concrete products, carpet, 
appliances, plasterboard, aluminium, insulation, glass and timber products which comprise over 94% of the embodied 
energy of a typical house.  By using the SEED spreadsheet for each model house in the case study areas, it was 
possible to estimate an embodied energy intensity (GJ/m2 of floor area) for dwellings in each case study area. 
 
Where case study areas consisted of multi storey dwellings, the embodied energy intensities were estimated from 
first principles based on the products of materials quantities and hybrid embodied energy coefficients (see Figure 1).  
The carbon dioxide equivalent emissions (CO2-e) associated with the embodied energy consumption were also 
estimated using an extension of the spreadsheet technique.  For this purpose, carbon dioxide equivalent coefficients 
were evaluated using a similar technique based on input-output tables.  
 
The embodied energy of a typical dwelling in each area was obtained by multiplying the derived embodied energy 
intensities (shown later in this paper) with the average floor area given in Table 1.  The same process was 
undertaken for the associated greenhouse gas emissions. 
 
1.2.2 Maintenance and replacement 
Further energy is sequestered in dwellings as a result of maintenance and the periodoic replacement of components 
and fittings.  Research suggests that this is of the order of 10% per decade of the initial as-built embodied energy 
(Treloar et al, 2000; Pullen, 2000) and this estimate has been included in subsequent analysis.  More recent analysis 
of dwelling maintenance has confirmed this estimate (Tweedie, 2005).  The period over which this additional energy 
is accumulated (ie the longevity of the dwellings) has been taken to be 70 years for all types of dwelling and this 
anticipates a lower level of  maintenance and no upgrading in the initial and final five year periods of the buildings’ life 
cycle. 
 
1.2.3 Roads 
The total surface area of both residential and collector roads were mostly obtained from cadastral maps and road 
polygon layers for direct input into a GIS system.  Alternatively, road polygon layers were digitised from aerial 
photographs where GIS layers were not available.   
 
The embodied energy of roads was evaluated from the information on the road surface area and the embodied 
energy intensities for residential and collector roads.   These intensities were derived from typical road construction 
specifications of 625kg/m2 dolomite base and 72kg/m2 asphalt for residential, and 736kg/m2 dolomite base and 
96kg/m2 asphalt for collector roads, respectively, as confirmed by Roads and Traffic Authority of NSW in conjunction 
with hybrid embodied energy coefficients.  By dividing by the number of dwellings in each case study area, the 
embodied energy per dwelling for roads was also estimated.  It should be noted that energy expended during the 
construction of roads was not considered in this analysis nor was any additional embodied energy for road repairs.   
The embodied energy intensities for roads were broadly in agreement with those of other researchers (Treloar et al, 
2004) for bitumen based asphaltic concrete on a granular subbase 
 
1.2.4 Water supply 
The lengths of different types and diameters of pipes in each case study area were obtained from GIS data and 
amounted to over 4000 records in total.   A range of pipe types were used including cast iron concrete lined (CICL), 
ductile iron concrete lined (CICl), steel concrete lined (SCL), unplasticized polyvinylchloride (uPVC), glass fibre 
reinforced plastic (GRP), copper and polyethylene (PE) in sizes from 100mm to 1200mm diameter.  The wall 
thicknesses of the different pipes were obtained from Australian Standards and manufacturers specifications.  This 
enabled the embodied energy per metre length of each pipe type to be estimated.  Hence, the embodied energy of 
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the water supply system in each case study area was then calculated and from this, a ‘per dwelling’ estimate could 
also be made. 
 
The values for embodied energy per metre length for the various types and sizes of water supply pipes were of the 
same order as those developed by Ambrose et al (2002).   
 
1.2.5 Sewer system 
A similar method was also applied to the sewer system where the types of pipes used included cast iron concrete 
lined, ductile iron concrete lined, mild steel concrete lined, reinforced concrete (MSCL), glass fibre reinforced plastic, 
polyvinylchloride and vitreous clay in a range of sizes. 
 
1.2.6 Storm water system 
No data was easily available on the storm water system in each case study area.  However, an estimate on the 
embodied energy of a residential storm water system had previously been carried out (Pullen et al, 1998) for a 
suburb on the outskirts of Adelaide.  This data was updated with the recently developed hybrid embodied energy 
coefficients and a value for the embodied energy per dwelling calculated.  This value was used to estimate the 
embodied energy of the storm water system in each Sydney case study area and also on a ‘per dwelling ‘basis.  
For all three pipe systems, the total embodied energy was increased by 22% to account for the energy expended 
during the pipe laying process.  This estimate of on-site energy consumption was calculated during earlier research 
work (Pullen et al, 1998) based on information obtained from pipe laying contractors.  No additional embodied energy 
was included for maintenance during the life of the pipe systems. 
 
2. RESULTS 
 
2.1 Embodied energy 
Table 2 shows the estimated embodied energy intensities (GJ/m2 of floor area) and carbon dioxide equivalent 
intensities (kgCO2/m2 of floor area)) for a typical dwelling in each of the case study areas.  The energy used for on 
site construction activities has been  included in the third column of the table.  Similarly for the associated carbon 
dioxide equivalent emissions in the sixth column. 
 

Table 2:.  Embodied energy (EE) and carbon dioxide intensities 

EE intensity (GJ/m2) Carbon dioxide equivalent intensity 
(kgCO2-e/m2) 

Materials Materials Case Study Area 
As- 
built 

With 
replacements 

Materials & 
construction As-built With 

replacements 

Materials & 
construction 

Glenhaven 7.1 11.4 12.2 592 947 1014 
West Pennant Hills 7.0 11.1 11.9 511 818 875 
Narellan Vale 6.8 10.8 11.6 561 898 960 
Harrington Park 6.5 10.4 11.1 541 866 926 
St.Andrews 6.5 10.3 11.1 533 853 912 
Raby 6.5 10.4 11.2 542 867 928 
St.Clair 6.4 10.3 11.0 530 848 907 
Cambridge Gardens 6.4 10.2 10.9 528 845 904 
Kings Bay 5.4 8.7 9.6 438 701 771 
Abbotsford 8.3 13.3 14.6 683 1093 1202 
Cabarita 7.9 12.6 13.8 648 1036 1140 
Liberty Grove 6.7 10.7 11.5 590 944 1010 

 
For houses, there is some research indicating that construction energy could be in the region of 6 – 10% of the 
embodied energy of the construction materials (See 1998) and possibly higher for multi-storey commercial and 
residential buildings.  A factor of 7% has been used for houses and 10% for case study areas with apartments. 
The multi-storey apartment developments at Abbotsford and Cabarita show the highest intensities.  The increase in 
embodied energy with a greater number of storeys has also been shown for commercial buildings by Treloar et al 
(2001a).  The large detached houses in the areas of Glenhaven and West Pennant Hills are next.  The smaller 
detached houses in the older case study areas of Raby, St Andrews, St Clair and Cambridge Gardens have lower 
intensities.  The Kings Bay development shows the lowest intensity and reflects the fact that the developer intended 
to use more efficient building materials and construction methodology as one of a number of sustainable 
development initiatives. 
 
The embodied energy of a typical dwelling in each case study area can be estimated by multiplying the embodied 
energy intensities by the floor areas (from Table 1).  These can be supplemented by embodied energy contributions 
from infrastructure and these various components are shown graphically in Figure 2.  On average, the roads, water 
supply, sewer sytem and stormwater system are 32%, 4%, 2% and 2%, respectively of the as-built embodied energy 
for each dwelling.  As expected, Figure 2 indicates that high density residential developments (Kings Bay, 
Abbotsford, Liberty Grove and Cabarita) sequester a much smaller proportion of embodied energy in roads.   
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Figure 2: Composition of the total embodied energy for typical dwellings in the twelve case study areas 
 

 
The embodied energy for all dwellings in each case study area can be obtained from the product of the embodied 
energy intensities, average floor area and number of dwellings.  These can also be supplemented with the embodied 
energy of the roads and water infrastructure as given in Table 3.   
 
 

Table 3: Embodied energy (EE) of dwellings and infrastructure in each case study area (TJ) 

Case Study Area 
EE of all 

dwellings 
 

EE of 
roads 

 

EE of 
water 

supply 
 

EE of 
sewer 

system 
 

EE of 
storm 
water 

system 
 

Total EE 
for case 

study 
area 

Glenhaven 5192 735 40 38 31 6036 
West Pennant Hills 5286 1021 150 27 30 6513 
Narellan Vale 5065 1340 88 40 49 6582 
Harrington Park 2379 708 51 36 20 3194 
St.Andrews 3029 867 81 28 36 4041 
Raby 3245 836 28 35 43 4187 
St.Clair 10789 2995 228 106 132 14250 
Cambridge Gardens 1365 287 21 9 16 1698 
Kings Bay 357 29 30 16 7 439 
Abbotsford 673 66 3 6 10 758 
Cabarita 944 69 13 20 10 1056 
Liberty Grove 1092 53 0 8 9 1161 

 
 
2.2 Life cycle energy consumption  
One way to relate the annual operational energy consumption of buildings with embodied energy is to annualise the 
latter.  This means taking the total embodied energy of a building or infrastructure component and dividing it by the 
life expectancy.  The life expectancies that have been used are similar to those used in the related study in Adelaide 
(Troy et al, 2003) which were 70, 50 and 60 years for dwellings, roads and water systems, respectively.   
 
Similar data can be computed for carbon dioxide equivalent greenhouse gas emissions.  For the dwellings, the 
emissions have been evaluated using CO2 equivalent coefficients derived from input-output analysis using ABS 
tables from 1996/97 (Australian Bureau of Statistics, 2001) in conjunction with the SEED spreadsheet.  This method 
evaluates the emissions of the dwellings as a sum of the emissions of the individual construction components.  The 
additional emissions for maintenance and repair are factored in on the same basis as for embodied energy.  
Similarly, the emissions associated with on-site construction energy are included.  For the roads and water systems, 
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the embodied energy data have been converted to emissions using simple factors of 65kg/GJ and 71kg/GJ, 
respectively, as developed and used in the Adelaide study (Troy et al, 2003). 
 
The average operational energy for a typical dwelling in each case study area consisting of the combined electricity 
and gas consumptions (expressed in terms of primary energy) are shown in table 4.  These can be compared with 
the annualised embodied energy also expressed in terms of primary energy.  The total annual energy (operational 
and embodied) is shown for typical dwellings revealing substantial differences between case study areas.  The total 
annual energy is also given on a per capita basis from a knowledge of the average number of occupants per dwelling 
(Holloway et al, 2006) and this also shows differences between case study areas.   

 
Table 4: Annualised energy consumption for a typical dwelling in each case study area (GJ) 

Case Study Area Operational 
energy 

Embodied 
energy 

Total energy 
per dwelling 

Total  energy 
per capita 

Glenhaven 184.0 66.4 250.4 73.6 
West Pennant Hills 168.7 74.4 243.1 67.7 
Narellan Vale 99.7 47.0 146.7 46.0 
Harrington Park 109.6 55.3 164.9 49.2 
St.Andrews 114.4 39.7 154.1 45.1 
Raby 120.0 34.3 154.3 46.5 
St.Clair 115.1 37.7 152.8 44.2 
Cambridge Gardens 124.7 37.7 162.4 52.8 
Kings Bay 66.0 21.3 87.3 39.2 
Abbotsford 125.7 26.2 151.9 69.0 
Cabarita 120.2 34.5 154.7 59.5 
Liberty Grove 89.1 43.5 132.6 48.9 

 
The greenhouse gas emissions associated with the operational energy and embodied energy are shown in Figure 3 
in terms of tonnes of CO2 equivalent emissions for the different case study areas. 
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Figure 3: Summary of annual carbon dioxide equivalent emissions for typical dwellings (t CO2-e) 
 

On average, embodied energy amounts to 26% of combined embodied and operational energies for all the case 
study areas.  This increases to as high as 34% for the Liberty Grove development.  These proportions are similar 
when the associated greenhouse gas emissions are considered. 
 
3. DISCUSSION 
 
3.1 Overall energy consumption 
The research has revealed some significant differences between the overall energy consumption in case study areas 
containing large detached houses compared with those with smaller houses.  Although house size is not the only 
factor influencing energy consumption, it is a major determinant and houses with floor areas in excess of 300m2  
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(Glenhaven and West Pennant Hills) are likely to have a higher overall energy consumption compared with older 
houses (St Clair and Cambridge Gardens) with floor areas of just over half of this.  The high density developments of 
Kings Bay and Liberty Grove show somewhat lower overall energy consumption.  However, the case study areas of 
Abbotsford and Cabarita, which both have apartment dwellings, do not show a significantly lower energy 
consumption.  In fact, when the energy per capita data is examined (Table 4) it can be seen that these areas have 
higher total consumption compared with older detached dwellings (except for Glenhaven and West Pennant Hills).   
 
Generally, Landcom developments showed a lower overall energy consumption than other private developed estates 
(except for Glenhaven) with a much lower level for the Kings Bay high density development. 
 
It should be emphasised that the consideration of energy consumption for travel purposes was not within the scope of 
this research but would be a further factor in the determination of sustainable urban forms. 
 
3.2 Embodied Energy 
With embodied energy at up to one third of the combined embodied and operational energies, the research has 
confirmed the significance of this component of life cycle energy consumption.  In terms of greenhouse gas 
emissions, the importance of embodied energy will become greater as more renewable energy sources are gradually 
adopted.   
 
The methods by which embodied energy data are estimated are becoming more robust and this has been greatly 
enhanced by the work of Treloar (1998) and subsequent research by Treloar et al (2001b) and Crawford (2005).  
Collectively, this body of research has extended systems boundaries and focussed on completing both process 
based and input-output based analyses.  This has resulted in embodied energy values for typical dwellings which are 
considerably higher than those shown in this paper although the use of ‘gap’ factors can be used to indicate parity.  
Shipworth (2002) has recognised the sophistication of methods which eliminate incompleteness of energy analyses 
whilst suggesting the possibility of stochastic modelling of embodied energy and greenhouse gas emissions.  This 
would avoid the deterministic approach which assumes economy-wide mean values for the embodied energy of 
construction materials.  Conversely, the widespread acceptance of life cycle energy analysis of buildings would be 
encouraged by methods and data that are relatively simple and easily accessible to practitioners in the field such as 
designers and quantity surveyors.   
 
The need for absolute values for embodied energy data is less important when a comparison is being made between 
similar buildings with different materials or between residential developments with different urban form, as it is the 
design solution with the lower embodied energy that would normally be sought.  When life cycle energy analysis is 
considered, then the magnitude of embodied energy becomes more important, but this too must be weighed against 
the level of sophistication in determining operational energy and its production with regard to indirect energy inputs.  
 
There are other areas that require improvement in the use of life cycle energy analysis of buildings and the built 
environment. A lack of data on the longevity of the building stock is a major factor influencing the reliability of life 
cycle energy analysis.  The assumed life of 70 years may be too low for some dwellings but is likely to be too high for 
others which would cause the proportion of embodied energy to be understated.  Although the inclusion of roads and 
water systems has made the analyses more complete, there still remains infrastructure not included such as gas and 
electricity reticulation systems.  As previously mentioned, the repair and maintenance of roads is also an area 
needing attention.  A further consideration with infrastructure is the large quantities of embodied energy sequestered 
in headworks outside of the study areas eg concrete dams for water storage.  In this study, this embodied energy has 
been excluded but there is a case for apportioning this energy across all dwellings serviced from these facilities. 
 
More detailed property files at either State or local government level are highly desirable with information recorded on 
building materials and building style.  This would greatly assist a more comprehensive estimation of the embodied 
energy of whole neighbourhoods.  For larger buildings included apartments, access to bills of quantity or pre-tender 
estimates would eliminate assumptions made in the calculations which may not be accurate.  The archiving of this 
information by developers for later analysis would greatly assist the research process.  At the moment, developers 
consider this type of information to be commercially sensitive or difficult to source which means it is often 
inaccessible to the researcher. 
 
CONCLUSION 
The analysis of embodied energy has provided a comparison between case study areas at a level of detail not 
previously attempted.  There remain areas of knowledge which have not yet been explored and where assumptions 
have been made.  However, the information generated contributes to a life cycle energy approach and a more holistic 
means of comparing different urban dwelling configurations.  Conventional housing has a higher embodied energy 
compared with higher density housing such as town houses and this difference is magnified when infrastructure such 
as roads water systems are considered.   
 
There is some suggestion that where higher density developments include multi storey apartments, a lower life cycle 
energy consumption may not be achieved compared with some conventional housing, particularly if the comparison 
is made on a per capita basis.  This is an aspect worthy of further research bearing in mind the trend towards higher 
density urban developments.  The inclusion of energy consumed by dwelling occupants in travel activities would be 
an important factor to consider in such research. 
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Better record keeping of building specifications by both developers and government would contribute to more 
accurate assessments of embodied energy in the future. 
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ABSTRACT: This paper reports a view of judgement during the architectural design process that emerges 
from architects’ talking about their work, primarily in a series of interviews with the architects of houses that 
have won Australian State or National RAIA Awards for Architecture. It addresses the bases of the architects’ 
design decisions and how decisions about environment and sustainability relate to decisions about other 
aspects of design. The paper examines three questions: How much is the act of judgement overt in the way 
designers talk about their work? How much do they appear to consider options and judge between 
alternatives? How much do they refer to criteria and bases for their judgement? The results highlight that 
design is a multi-faceted process in which judgements are made based on the simultaneous fit of a design 
choice with appropriate responses to a spectrum of design objectives.  The paper suggests that it is not 
appropriate to judge design with the single factor view inherent in many existing regulatory and environmental 
assessment approaches. 
 
Conference theme: Building case studies, human issues 
Keywords: houses, architects, judgement, design 
 
 

INTRODUCTION 
Current efforts aimed at reducing the environmental impacts of buildings, including the Building Code of Australia 
Energy-Efficiency provisions (BCA 2006), the Green Star rating scheme (GBCA 2006), and a variety of design 
guidelines, for example Your Home (AGO 2003) imply a degree of intentionality on the part of architects to deal 
specifically and individually with single factor issues. A previous paper by the authors (Soebarto et al 2006) 
suggested that for building regulations the “paradigm focus on physics, engineering and economics fails to account 
for the predilections of the human occupants of houses.” Does this paradigm connect any better with the predilections 
of the human designers of the houses?  Is this really how architects think about their buildings and act in designing? 
In this paper we consider the ways in which architects exercise judgement during the course of designing a house, 
quoting primarily from interviews with architects of houses that have been recognised in the Royal Australian Institute 
of Architects award system. 
 
We aimed to examine three questions: 

(1) How much is the act of judgement overt in the way architects talk about their work?  
(2) How much do they appear to consider options and judge between alternatives? 
(3) How much do they refer to criteria as bases for their judgement?  

 
Building science and most building design advice is fundamentally reductionist, a paradigm that if not matched by the 
way designers think and work is most likely flawed. The research approach we adopted is constructivism. We sought 
answers to the above questions by interviewing architects and we drew conclusions from their comments. In these 
interviews we did not just focus on environmental issues, or on any other category.  Instead, responses to issues 
were allowed to emerge in a broad context of the architects’ multiple design intentions.  Equally, we did not begin with 
a hypothesis about how award-winning designers do or should make their design decisions; nor did we take the point 
of judging their responses. Rather, we considered all responses to be valid in their own right. In this paper we 
describe and illustrate with quotations the structure of architects’ approaches and how they made judgements on 
matters of obvious relevance to environment and sustainability, such as design, form, siting, choice of materials and 
impact on internal climate.   
 
The interviews were conducted between 1998 and 2005 and most were recorded. In a few cases the quotations 
presented in this paper were taken from the architect’s words in publications, recordings or public lectures, in which 
cases the sources are referenced. Due to space limitation only a few responses are reported in this paper. Those 
architects included in the research include many well-known and respected architects: Rex Addison, Brit Andressen, 
Gregory Burgess, David Burton, Lindsay Clare and Kerry Clare, Bruce Eeles, Peter Fletcher and Greg McNamarra, 
James Grose, Phil Harris, Timothy Hill, Ken Latona, Richard LePastrier, John Mainwaring, Glenn Murcutt, Gabriel 
Poole, Max Pritchard, Simon Scully, Peter Stuchbury, Nick Tridente, John Wardle, Geoffrey Warne, Elizabeth 
Watson-Brown and Peter Skinner, and Adrian Welke. In this paper we have left quotations in their spoken form or as 
altered by the speakers themselves on transcripts they were sent for verification, preferring the immediacy of spoken 
language to our own interpretation of a ‘grammatically correct’ prose. 
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1. JUDGMENT IN DESIGNING  
Donald Schön characterised professional activity as ‘reflective practice’ (Schön 1982). The word ‘practice’ comes 
from the Greek praxis and its exercise involves what the Greeks called phronesis. Snodgrass and Coyne (2006) 
describe the Greek understanding of praxis and phronesis. Praxis was  

….an activity involving judgement. It is the making of ethical decisions by the exercise of phronesis…acting by 
way of tacit understandings gained from experience and within a context of ethical behaviour, by which was 
meant behaviour that is conducive to the well-being of oneself and others. 

Whereas 
Phronesis is an understanding of what to do when placed in a particular, concrete situation. It is the faculty 
that comes into play when we make judgements about what actions is to be taken when confronted with the 
necessity to act. (Snodgrass and Coyne 2006 p112) 

 
Schön observes that practitioners are frequently embroiled in conflicts of values, goals, purposes and interests 
(Schön 1982 p17), yet an experienced architect knows what to do in a given situation. Phronesis (knowing what to 
do) is the practical expression of professional knowledge. Schön (p24) argues that professional knowledge has three 
components: 

(1) An underlying discipline or basic science component upon which the practice rests or from which it is 
developed, 

(2) An applied science or 'engineering' component from which many of the day-to-day diagnostic procedures 
and problem solutions are derived, 

(3) A skills and attitudinal component that concerns the actual performance of services to the client, using the 
underlying basic and applied knowledge. 

Schön continues to argue that the particularities of a situation and its boundaries impose a contextual coherence that 
allows a professional to judge what direction to take. "Problem solving is a process in which we name the things to 
which we will attend and frame the context in which we will attend to them" (Schön 1982 p40). 
 
The interviews, as expected, confirm Schön’s characterisation of reflective practice. Architects typically appear to 
perceive design as an experimental process, approached through a combination of naming and framing, patterns, 
metaphors and precedents. The interviews suggest that the making of implicit or explicit judgments is an integral and 
usually tacit part of these strategies and not perceived as an identifiable specific task.  
 
1.1. Naming and Framing   
One of the distinguishing features of design problems is that they are potentially universal in scope. Designers must 
find strategies to make them manageable. An architect’s store of images based on their experience and ideas about 
housing, environmental issues, and the nature of design will be an important determinant in how he or she frames the 
context of a new project. This “naming and framing” encapsulates the way the project is seen by the architect. 
 

'What is the idea?' you might say.  Well, the idea, I suppose, is that it's one room which is part of a greater 
room.  …  That's the first thing.  And it's got to sit somehow within the orchestra of that place... (LePlastrier 
2003) 
 
The project is really about looking at what sort of cheap and economical way to make simple dwellings (Scully 
2003)  
 
This house is a series of details. The construction of it is the detail, because of the budget. (Kerry Clare 
1999a)  

 
The framing is used in describing the project to others, especially the client: 
 

But everything that we put to them was based on … these notions we have about air flow and about lifting 
things off the ground, about lightweight construction, about cross flow, about basically providing lots of roof 
areas to provide cover from the rain and the sun. (Fletcher 2003)  

 
This naming and framing limits the range of judgements that might be made and is an extremely important part of the 
process. Without it, there are infinite possibilities. It sets the context for the ways that design form is created and 
seen. It suggests the patterns and precedents that are appropriate to adopt.  
 
1.2. Patterns, Metaphors and Precedents 
Christopher Alexander sets out a ‘pattern language’ of design forms that correspond with design situations 
(Alexander 1977). None of the architects refer to the concept of a ‘pattern language’, but many refer to patterns 
drawn from nature. Such patterns often connect strongly with images of the environment. Murcutt’s citing of the tree 
canopy as a pattern for his architecture is well known. LePlastrier is eloquent in comparing his own house with a tree: 
 

Sitting underneath the trees—like it's a canopy. …. To sit under a tree with the overhanging branches and 
looking down at the river is a lovely thing to do. …. That's what we tried to do with this little house.  The core 
room is actually the trunk of that tree, hence its structural frame is quite clearly expressed and you look 
through it like a framework.  But the branches are just the big overhangs, which are up to 10 feet.  They 
overhang like the branches of a tree.  (LePlastrier 2003) 
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Patterns are also drawn from nature through the intermediary of other architectures that are seen to respond well to 
nature: 
 

I do a lot of work out in Aboriginal communities.  Throughout Arnhem Land particularly … really beautiful type 
constructions there.  Slightly elevated above the ground.  About six feet up and then a series of timbers that 
run across as a floor level. … And then people sleep up on those platforms, but down below they’ve got a 
sheltered area, like a fire to cook on.  The smoke from the fire goes up through the building and wards off 
mosquitoes.  They are up, so they are up in the breeze.  They are sheltered by shrubs and bushes.  And they 
are really beautiful buildings. (Scully 2003) 

 
None of the architects cited a particular building as a precedent. Other architects or styles are very occasionally cited, 
usually iconic figures of the modern movement, either as models or to illustrate a point of difference: 
 

The architecture that has influenced me most has been Alvar Aalto in Finland … architecture from the heart, 
from the spirit. (Grose, 1998) 
 
We tend to use Bauhaus-type architecture … we tend to be quite pure about it. ... Very simple (Tridente 2005) 
 
So we've centred her house around an activity, as opposed to an object.  … [I]n Frank Lloyd Wright the thing 
of focusing a house around the hearth, being this fireplace. Well, rather than take it as an object, like a 
fireplace, we took it as an activity, like a quality of life. (Warne 1999) 

 
Usually, though, the transcripts of the interviews read as if the architect is working alone with no greater profession 
around him or her. The broad body of corporate knowledge and experience is simply assumed.  
 
1.3. An Experimental Process 
Because each project is different, architects have to discover or rediscover much themselves. A common theme in 
the interviews is the association of design with experiment. The essence of design was depicted as innovative, 
experimental work: “that’s how architecture happens” (Poole 1998c). Houses are special in providing an experimental 
base for larger buildings (Mainwaring 1998). They encapsulate all the kinds of spaces – public and private – of much 
larger buildings, and are seen as a laboratory, offering many opportunities for experiment. They can also be used to 
investigate a continuing research agenda. 
 

The things that we brought to it were an interest in trying to prove that this sort of infill housing is a legitimate 
target that is often poorly done. (Hill 2003)  

 
Architects’ own houses are disproportionately successful in RAIA awards processes. Architects designing their own 
houses take risks that they would not take when designing for a client. 
 

When I’m doing a job this way and sticking my neck out a long way, although I’ve done a lot of details, I 
haven’t done everything.  Because it’s experimental.  So I am drawing as we are going and that’s a bit of a 
luxury when you’re doing your own house.  (Addison 2003) 

 
They also take more risks in the process with their own home, taking the design process well into the construction 
process: 
 

… when you do your own house, well you’re going to have trouble getting documentation, it’s very scribbly 
scratchy documentation, generally about one and a half days ahead of the builders the whole way through it.  I 
would turn up on a morning with a new set of drawings and a very frustrating process for me and particularly 
and for them, but it then give you the creative advantage of responding to the process.  (Wardle 2003) 

 
1.4 Pragmatic Justifications 
The most common justifications made by the architects for their design decisions are pragmatic, connecting with 
Schön’s second category of professional judgement as a straightforward applied science component from which day-
to-day diagnostic procedures and problem solutions are derived. Usually this justification is functional: 
 

A lot of it was just solving practical problems. … [T]he original scheme had a car park down the street and you 
had to walk up twenty-one steps to get to the front door, so it would be impractical with shopping or young 
children or whatever.  It’s actually internalizing many of those things.  (Wardle 2003) 
 
Some very pragmatic design decisions.  Mono-pitched roof.  Easy to build—big gutter at the end so if it 
overflows, it's out the back.  Really simple finishes.  Big sheets of timber—plywood.  You'll notice it all goes 
together in a very … practical way.  They're kind of using pragmatism as really a source for decision-making, 
and just seeing if you can work within a very pragmatic and practical framework. (Warne 2003) 
 
The roof shape was chosen to eliminate gutters which would be prone to blockage by leaves, whilst still 
providing for collection of roof water.  A square roof dips to form a diagonal valley which continues out from 
the building as an aqueduct to the rainwater tank. (Pritchard 1999) 
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But pragmatics and function are not the only criteria. Harries (1997) refers to the need of an object both to work and 
to look appropriate, for functional responses to be made within an existing codification. Architects refer to the 
manipulation of space and form in their own terms, without necessarily resorting to practical justifications. 
 

One needs to impose controls on the space.  These can be created by the rhythm of structural form, objects 
suspended in the space, room dividers, the play of vertical and horizontal lines in detailing, the design of fixed 
furniture, the selection of colours, the selection of appropriate materials to maintain simple clean lines and the 
relationship between those differing materials. (Poole in Walker, 1998) 

 
An example in more detail of how a design develops in relation to a complex overlaying of specific situations and 
general order principles such as grids and axes is provided by Wardle: 
 

So the dimensions are an important sequence of series. The cross section, though, comes across to link our 
grand piano, which is being restored at the moment; it’s a beautiful grand piano that is very precious to us, so 
it was designed from that…. Well, the only section curved is this small section of wall through here, because 
we were coming out, just glancing that 4.5 metre zone from that Scottish elm, and then realigning with the 
view out here.  Whereas this wall, which is the absolute center of the longitudinal axis wall, so there is a cross 
axis along here; it comes down and it has to then miss that one, and then it actually curves through the 
hallway, so it’s a constant curve from here right up to the window to get this asymmetry…. Then the only 
windows in these side walls - because generally it’s a very simple, I like whole walls of wall and whole walls of 
window - but these slices were taken so the reasons for this geometry becomes apparent internally.  So 
there’s right on the axis of that tree, this window and right on the axis with that tree, … the disciplines used, it’s 
not just to be nice to put a window compositionally in this area of wall, it’s actually saying well here is the 
theory behind the form of the building and it’s sizing and we’ll stick rigorously with that. (Wardle 2003) 

 
Wardle’s mention of ‘theory’ in this extract is rare. The words and writings of critics or designer-writers are not cited 
by architects in the interviews. Murcutt has referred elsewhere to the influence on him of Henry David Thoreau’s 
advocacy of simplicity in his ‘Walden, or Life in the Woods’, but the philosophers and theoreticians that are 
prominently cited in journals and conferences on the theory and history of architecture are not acknowledged. This 
does not mean, of course, that the influence of theory does not impact on their work. Peter Fletcher explicitly 
acknowledged the importance of guiding principles:  
 

It’s the principles that underpin these things that probably keep you moving in the same direction.  The 
resolution of principles might change here and there.  And it always does, I think it should.  ,,, Whilst a lot of 
the … of the ideas, in my opinion, when you do something spontaneously, are often the right way to go really 
(Fletcher 2003) 

 
1.5 Judgment and The Environment 
The site, environment and response to the environment are the frequently cited justifications for design decisions. 
 

Ventilation is promoted with the rooms being separated and having fanlights, double doors and louvres.  Air 
was drawn through the roof space by black-painted turbine ventilators.  Ceiling screens allow the internal hot 
air to be extracted from the room.  On hot still days, the immediate air adjacent to the black vent will heat up, 
promoting the induction/extraction effect. (Hall 1990) 

 
A concern for environmental issues does not necessarily mean a belief that sustainability is a separate matter. 
 

It's very current at the moment, and it has been for a couple of years—the green design, et cetera—but I can't 
really see what the fuss is about.  You should just do that anyway.  I think all your design decisions should be 
sensible and wagered against a range of criteria.  Climate is clearly one.  We have hot summers and some of 
our winters get a bit chilly, and your house needs to work for that. (Warne 1999) 

 
1.6 Choices of Materials 
The most explicit justifications in the interviews are about the choices of particular materials. 
 

[Steel] allows us to provide something which is an incredible spidery frame that is not liable to rot. (Welke 
2003) 
 
… Cyprus pine is a material that we used as a flooring material for reasons that the white ants won’t eat it, 
they won’t touch it.  And it’s also a relatively cheap floor material.  It’s coming out of Queensland, it’s not 
coming out of the Malaysian rainforest.  And also it’s got that texture in it … But it is a very durable timber.  
(Scully 2003) 
 
If you put light weight buildings up in the sun they fall to pieces. So we’ve been working using this logic of wall-
building out of a technology of the rendered blockwork, as much as anything because it’s a material that you 
can use both inside and outside and its entirely self-protective, so even though there is some illogic in using it, 
its permanency is one of the things that interests us as a sustainable system.  (Hill 2003) 
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The hardwood that I have used in the single skin, I’ve used the plywood as a module.  And so they are four 
feet apart. So I’ve had approximately 1/3 the number of studs you normally have in a house.  And so I’ve used 
the timber fairly resourcefully.  And I’ve used the plywood because it’s a better use of the timber resources.  
(Addison 2003) 
 
Hardwood is a wonderful material but has to be worked green. Must allow for shrinkages; [there is a] way of 
thinking about shrinkage and a way of thinking about twisting and warping. (Andressen 1999) 
 
[We used] radial sawn timber for the cladding …It’s a Victorian hardwood.  Plantation grown where we can get 
it.  But you can use small diameter logs that have been retrieved from the forest floor rather than cutting down 
big trees.  [It’s] about 80% efficient compared with about 40% for normal sawing. (Burgess 1999) 
 
Mud brick – I wanted a texture of rough brick rather than the smoothness of rammed earth – painted with a 
special paint from Victoria. (Grose 1998) 
 
Timber's so beautiful.  The more you use it, the better it gets.  There are very few materials like that.  Leather's 
another. (LePlastrier 1999) 

 
These judgements about choices of materials are typically based on multiple criteria. This is more explicit in the 
following longer extracts. 
 

I like to try and keep the material direct, simple, cost-efficient, uncomplicated. We did one [with] in-situ 
concrete walls, but that was too expensive so we went to concrete block. Bagged. Concrete for me is good 
with thermal mass but it’s also, you can put floor heating in it and also it’s a very serviceable material. So I 
don’t like planning a lot of nonsense in a house, but its nonsense that has to be maintained or cared for or 
whatever. (Stutchbury 2003) 

 
We pretty much stay within those domestic materials—or low budget commercial building materials, like fibre 
cement, metal decking.  We might use an industrial metal decking to replace the domestic corrugated iron on 
occasions.  And just rearrange those simple and cheap materials in a slightly different way.  Occasionally we 
have a bit of an exotic material—maybe some timber flooring.  We use that where we can for the qualities in 
sound and colour.  That's about it.  We haven't used any other particularly exotic materials.  (Warne 1999)  

 
Stutchbury describes how a client is engaged in the process of choices for fixtures and fittings.. 
 

We tried as much as possible to infuse our own designs into light fittings for instance. Generally we fit quite a 
few in or otherwise, minimal light fittings with maximum effect, so usually … an up-lighting onto a ceiling or 
something, and then functional lights. I’m not a great supporter of the decorative light. I don’t understand it and 
I think a building reads a lot better with functional lighting, in terms of what it does and how it behaves and 
who it is and all that sort of stuff. … Taps and toilets and that, we’re developing a range of options for clients 
but generally my advice to clients, and I try to let the clients become part of the process by selecting those 
items with guidance, but generally my advice is very, very simple, low key, non-issue fittings. I like the idea of 
a wall hung toilet because it’s a very inoffensive sort of sculptural proposition whereas a toilet with a cistern is 
something awkward about it. (Stutchbury 2003)  

 
2. DISCUSSION 
We stated at the beginning of this paper that our aim was to respond to three questions. Analysis of the interviews 
provides us with answers to these questions. 
 
(1) How much is the act of judgement overt in the way architects talk about their work? 
 
These architects rarely use the word ‘judgement’, but the way they talk about their own work is redolent with 
confidence about their professional judgement. Schön’s three categories of underlying basic discipline knowledge, 
pragmatic applied knowledge, and an attitudinal component are illustrative of how basic and applied knowledge is 
directed into decision making. If explicitly asked, they have ready justifications for their judgements.  
 
(2) How much do they appear to consider options and judge between alternatives? 
 
There is very little reference in the interviews to the consideration of other ways of ‘doing things’ than the adopted 
design. The stance is one of confidence in the outcome. However, there is much reference to the experimental nature 
of designing, positioning design as research and implicitly recognising a search for ‘better’ design outcomes. 
 
(3) How much do they refer to criteria and bases for their judgement? 
 
There are broad criteria that provide the context for architects’ judgements, rather than enumerated criteria for 
individual decisions. The most important of these criteria relate to environment, site, constructability, budget and the 
clients’ expressions of desired accommodation. Decisions are justified by rational and functional reasons. However, 
overlaid on these decisions is a less tangible set of objectives about space, form and aesthetics. Although rarely 
expressed, they are always present. The architects simultaneously and consistently map decisions that can be 
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justified in pragmatic, practical terms on to design forms that they judge to be aesthetically acceptable. This mapping 
is central to the work, in the way the project and its details are named and framed to the designers themselves. 
 
These less tangible aesthetic objectives and the ways that architects respond to them are the core components of 
their various individual languages or styles. In the interviews there are no references to language or style, although 
there are very obvious personal languages and styles exhibited in their design work. References to personal ‘ways of 
doing things’ are rare and tend to refer to details rather than buildings as a whole: 
 

A white, we tend to use white as bright as we can until we get a client that doesn’t like white, so we put a 
touch of off white in it, but it’s essentially white because we believe it’s a palate and you can add to it. 
(Tridente 2003)  
 
I hate designing balustrades and where possible use furniture as balustrading. (Wardle 2003) 
 

A relatively small number of names of architects and architectural practices recur in the lists of National and State 
award winners in the residential category (and, indeed, in other award categories). Just as Schön argued, architects 
build up a repertoire of design patterns and approaches that they take with them and refine. Each project draws on its 
predecessors, and the gradual process of refinement is almost a perquisite for success in the awards scheme. 
 

I think it also reflects other projects we've done over time.  The award tends to go to people who have a body 
of work (Warne 1999). 

 
Our experience in this research is entirely consistent with Schön’s summary of a professional’s application of 
knowledge in judgement.  
 

Whenever a professional claims to "know", in the sense of the technical expert, he imposes his categories, 
theories, and techniques on the situation before him. He ignores, explains away, or controls those features of 
the situation, including the human beings within it, which do not fit his knowledge-in-practice.  When he works 
in an institution whose knowledge structure reinforces his image of expertise, then he tends to see himself as 
accountable for nothing more than the delivery of his stock of techniques according to the measures of 
performance imposed on him.  He does not see himself as free, or obliged, to participate in setting objectives 
and framing problems.  The institutional system reinforces his image of expertise in inducing a pattern of 
unilateral control. (Schön 1982 p345-6) 

 
The architects see themselves as very much in control and responsible for the judgements made. They do not claim 
they were forced to make decisions they did not want to make. They take responsibility for the judgements and hence 
for the design results. They are confident of their expertise and their right and obligation to make judgements using 
their expertise. 
 
Looking back, the architects see the projects as a stage in their still-developing professional knowledge, supporting 
again the argument that design at the level of award winning buildings is always a kind of research. 
 

It’s one of our landmark buildings and, mind you a lot of our buildings have that sort of proposition really, but 
it’s one of our landmark buildings because it taught us much more accurately about the blend of solid and 
lightweight. It produced a cost-plus building on budget. It was our first exposure to technology within a house, 
so it educated us about all those fast systems, etcetera. It was a great learning curve on the value of a big 
space because that main room and bedroom is really one big space and it showed you the absolute glory that 
a big space can bring to a residential building. It minimised rooms and yet maximised emotions. (Stutchbury 
2003) 
 
It’s enabled us to explore certain ideas too.  Push things a bit further than we might have normally had the 
chance to do.  So from that point of view it’s been a great project. (McNamarra 2003) 

 
[I]t’s actually been one of those series of projects that mark the development of a practice in a way.  I also 
enjoy the fact that the opportunity took me away from the practice in a way. There is a very personal 
relationship that was allowed to work beyond the conventions of an architectural practice, it was really 
architect making, home making.  (Wardle 2003) 

 
3. CONCLUSION 
In the beginning of this paper we raised our concern about the current move towards achieving sustainable buildings 
through the use of codes, regulations and design guidelines. We argue that these approaches, due to their nature of 
focusing only on physics, engineering and economics, have the potential to fail in achieving the goals as they deal 
specifically with single factor issues. From this research it is clear that design decision making including decisions 
about the environment and sustainability of house design is a multi-faceted and complex process. Judgements are 
made based on the simultaneous fit of the design choice with appropriate responses to a spectrum of design 
objectives. Every design decision is a move towards meeting many goals at once. 
 
In Understanding Sustainable Architecture Williamson, Radford and Bennetts (2003 p217) point to the writing of 
Fredric Jameson and suggest that “in the most successful buildings the work appears aesthetically and functionally 
convincing, almost inevitable, as a consequence of all its disparate origins”. Award-winning houses have been 
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recognised as “most successful buildings” and the way their architects describe their design judgements is imbued 
with a concern for the design integrity of the whole house. 
 
It is therefore a mistake to believe that improving the design of houses in relation to, for example, energy 
performance and water consumption, global carbon dioxide emissions, or any other environmental measures, is 
merely a question of architects being aware of the needs and adding appropriate, specified, design responses to their 
repertoire. To work without compromising the aesthetic and functional whole, the response to any specific issue has 
to be integrated into the architect’s personal design language. It has to become part of the way in which the design 
situation is named and framed. This is achieved through a process of development and experiments in which the 
designer’s knowledge and understanding develops during the making of designs. That is the essence of professional 
work as encapsulated in Schön’s reflective practice.  
 
A concern about environmental impact is considered important by architects, but as one of many concerns and not as 
a separate or only important issue. Further, architects do not merely see the environmental aspect of design from the 
quantitative point of view, as inherent in the scientific approach of codes, regulations and design guidelines. Western 
afternoon sun, for example, is desired by many architects and clients due to its light quality, although design 
guidelines usually consider it as something to be avoided because of its potential impact in increasing summer 
cooling loads. Decisions on the building form, constructions and choice of materials are not based on their thermal or 
environmental performance alone, but are influenced by many objectives and bases for judgment. 
 
The theme that emerges most strongly from the interviews is the way architects look for simultaneous fit in design 
decisions. They seek a fit with environmental concerns and with a myriad of other concerns at the same time.  
Prescriptive codes and regulations reduce the ability for skilled architects to achieve simultaneous fit in inventive, 
original, unexpected and potentially award-winning ways. 
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ABSTRACT: The purpose of this study is to analyze and interpret the morphological development of 
individual dwelling units inside high density, self-built neighborhoods in the context of Dhaka, 
Bangladesh. Self-built neighborhoods are contextually defined as a certain type of urban habitation 
characterized by complicated organic road networks with difficult or no car access, inconsistent plot 
size and shapes, and high density considering both buildings and population resulting in a three-
dimensional juggle of medium range residential buildings (12-18 m high) constructed incrementally by 
individual owners in a very informal way. In our survey, we selected individual dwelling units inside 
these neighborhoods, collected information on their gradual morphological transformation, and backed 
them up with the reasons behind those transformations. In those otherwise bland and ordinary 
buildings, we deducted significant architectural characteristics resulting from building level and partition 
level transformations. Through the study of transformation, this paper also highlights the importance of 
investigating built forms not as a whole in space but as a whole in time. 
 
Conference theme: Human issues: social, cultural 
Keywords: transformation, self-built neighborhoods, Dhaka City 
 
 

INTRODUCTION 
The process of transformation of one’s environment is inevitable as a consequence of inhabitations or usage (Brand 
1994). Previous theorists have highlighted the notion of transformation in a house as a result of several issues. While 
a house is subject to change due to the family lifecycles nested inside (Seek 1983), it can also transform to cope with 
its role as a constant source of income in the form of renting or home-based enterprises (Tipple 2000). In addition, a 
house can be repeatedly reshaped by the existence of the surrounding built-environment (Davis 1999), or it can 
transform due to urban development controls. Adaptable housings, flexible buildings, and open buildings are some of 
the newer concepts formed to consider this phenomenon in as early as the design process (Jia 1998). The point here 
is that a house is not a whole in the space due to its constant transformation; however, it is a whole in time. In the 
broader perspective where a house is an element in the neighborhood, the transformations of individuals have a 
continuous impact on the other side of the wall, i.e. on the surrounding outer environment as well. Since the focus of 
architectural science research has shifted more toward protecting the people’s environment than protecting the 
people, it is important to recognize the phenomenon of transformation in built forms, individually and collectively, 
while searching for long-term measures to protect man’s residential micro-environment. Concentrating on this issue 
and with a broader goal of searching for a deeper understanding of architecture as a function of time, this study picks 
a particular residential built-environment and studies the various aspects of transformation happening inside it. 
 
In our study, we define transformation as the process of altering, adding, or extending the house using permanent 
construction materials, which involves considerable cost from the owner, paradoxically emphasizing that cost is not a 
barrier to the phenomenon of transformation. We looked for a context where maximum information on transformation 
can be acquired, and after empirical investigation backed up by theoretical study, we chose the self-built 
neighborhoods in Dhaka City where the frequency of transformation is believed to be considerably high. We 
operationally defined these neighborhoods as comprising mostly of informally (owner-initiated) developed private 
houses and are characterized by a complicated web-like road network resulting from unplanned land division. These 
areas have limited, difficult, or no car access, complex and inconsistent plot sizes and shapes, and high density 
considering both buildings and population. In selecting the individual dwelling units or houses to get maximum 
information on transformation, we chose those where the owner-occupants are mostly at their post-family stages with 
the original owner still living there. The children are mostly married and live separately either in the same house or 
elsewhere, and the houses have a high rate of tenancy.  
 
Transformation results from internal reasons as well as from external reasons. The former emerges from the needs of 
the owners’ household lifecycles while the latter emerges from the needs of the houses to become part inside the 
whole neighborhood. Limiting the scope on the former, this study determines the variables behind transformation and 
the parameters associated with transformation, and it highlights the fact that architecture is a continuous process 
involving change rather than being a static whole, a vision still not well conceived in architectural practice. 
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1. THEORETICAL REVIEW 
 
1.1. A house is a biography and a neighborhood is a cohesive memoir of these houses 
A house is more than just a dwelling. Every house is a work in progress (Owens 1991). Every house begins in the 
imagination of the people who built it, used it, and gradually transformed it. It is a source of identity and status and a 
demonstrator of both to the outside world. Though users have limited authority to exercise transformation in the more 
recent formally developed market-oriented real estate housings or in the likes of formal public housings, the exercise 
of transformation is much more evident in the informally built houses all over the world be it in rural sectors or in 
urban sectors, be one the owner-user or the tenant. To build is to exercise power. When users themselves exercise 
power by directly influencing and controlling a part of the physical environment, we can expect healthy, vital, steadily 
improving environments (Habraken 1998). Owners of course have more degree of freedom than tenants do though 
there are evidences in several particular contexts that the latter are no less active (Tipple 1999). Besides an exercise 
of power, a house is also a place of assembly for a wider family or lineage that occupies it day by day; thus, a family 
house necessitates the much needed transformation as life passes through it. A house can also be a location for the 
business, which provides the basic necessities of life or for one that augments a main income in the form of rent 
collecting (Tipple 2000). These variables together amplify the fact that a house is not just a physical entity nor is it a 
static form. With a particular physical setup for a certain time period, life goes on which in turn generates newer 
needs to be met. Whether it is in the form of rejuvenating identity, control, and status or in the form of meeting the 
changing family needs for more space or more income, they only result in transformation in the physical form of the 
house after certain time intervals. As Brand (1994) suggests, that is an inevitable consequence of inhabitation, a 
highly dynamic process referred to by biologists as ‘ecopoiesis’ (home making), where the building and the dwellers 
shape and reshape themselves to each other until there is a tolerable fit, which itself is an ever-changing 
phenomenon.  
 
While a house reveals the biography of an individual family, a neighborhood reveals that of a group of people, a 
particular society, or culture. On one hand, one always strives to make the house a part of oneself and increases the 
feeling of belonging as well as uses it to fit the changing necessities of one’s life. On the other hand, a neighborhood 
is a place where one strives to make oneself part of it in order to take the advantages of greater urban opportunities. 
That is why while transforming one’s own houses resulting from one’s own needs, there are other issues to be taken 
care of in order for the house to become part of the neighborhood it belongs. With the obvious existence of building 
bylaws and regulations acting as a measure for the state to ensure that maximum benefit is offered to the maximum 
number of people and to prevent one from taking unfair advantage, people and their houses constantly strive for 
transformation within those formal and informal constraints in search for existence, desire for identity, a sense of 
belonging, and a status among neighbors as well as in the world at large (Allarakhia 1985, Tipple 2000). 
 
1.2. Transformation results from internal household reasons as well as from external reasons 
A family house, in the first place, obviously generates, grows, and transforms (if it is allowed to) according to the 
family needs coming out of the family itself. Between the two most important sets of independent variables, one is the 
demographic issues characterized by the effect of sequential development of different lifecycle stages of the family 
(Seek 1983). The other most important set of independent variables is economic issues such as the need to increase 
rental income in order to sustain financial state or to meet financial problems, the need to incorporate home-based 
enterprises (Tipple 2000), and lack of money needed to build the total structure in one phase, etc. Other sets of 
independent variables include qualitative issues such as the need for status or identity, miscellaneous issues such as 
to enjoy recently available improved building services, to respond to changes in bylaws, to utilize previously unused 
land, etc.  
 
Speaking on the demographic issues, Seek (1983) determined that housing demands of a household tend to 
increase progressively to a peak at the mature family stage (main household exceeding 45 yrs of age with at least 
one unmarried child). It is when the family reaches the end of the expanding phase of its lifecycle, and its income is 
near or at the highest level. The demand for space then falls sharply when the children leave home as the household 
enters the post-family stage (children moving out leaving the older couple) and income falls at retirement. If the 
owners are free enough to transform effectively throughout their entire inhabitance period, they tend not to move 
frequently. Any changes in their housing demands over their lifecycle can only be met through transforming their 
existing houses. It is therefore not surprising that the degree or the patterns of transformation due to the family 
lifecycle stages generally correspond with the number of years of occupancy. As a result, improvements by 
households in the expanding stages tend to be additions of spaces and rooms while those in the contracting phases 
involves adding less space but undertaking more renovations and alteration works. This is an important finding, but it 
is only limited to houses owned and used by the owner itself. In cases of houses where tenants share considerable 
space, it offers some more interesting findings. 
 
We also have other independent variables behind transformation, which have not been addressed rigorously before. 
In our research, we accumulate all possible variables from our context, define parameters of transformations, and 
analyze the results based on the parameters. 
 
Another important issue here is the expenditure on transformation. Tipple (2000) states that affluence is obviously 
one of the main reasons behind how often the transformation can occur or how large it can be. Affluence itself can be 
a function of time as mature households are expected to have more income that young ones. The availability and the 
cost of construction materials at the given context might also play a significant role to bring in a certain 
transformation, but as Tipple (2000) concludes, when the housing stress of a particular household crosses the 
tolerance level, cost does not appear to be a barrier for transformation.  
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All these variables discussed so far are still concerning internal reasons from the household only. We are aware that 
there are certain other sets of variables that result in transformation concerning the importance of a house to live 
effectively inside a neighborhood. These are the external issues such as neighborly behavior (Davis 1999), change of 
bylaws, etc. Our study is limited to detail the transformation of houses only as a function of the variables related to the 
life inside it. It is a rather controlled state and we presume that the list of variables might not be saturated, but the 
parameters are. 
 
2. CONTEXT OF THE STUDY 
 
2.1. Self-built neighborhoods in Dhaka City 
Formal houses (social or public housing estates, private real estates) offer less scope of transformation as they are 
market-oriented commercialized products that care little about individual users’ demands and do not allow much 
transformation as it might affect the market values. However, informally built private houses provide maximum 
reflection of individual owners’ demands, especially among the lower income groups where professional designers 
are less involved and the owner is the sole decision-maker. If added to the absence of real-estate market governance 
or even of state governance, it inflicts enough authority to the individual house owners to transform their houses 
according to the changing needs. If placed in hindered locations with less regulatory control, it might provoke illegal 
constructions, too. Previous studies on both industrialized countries and on developing countries find user-initiated 
transformation in relatively low scale, as most planning authorities seem at best only tolerant of and at worst totally 
opposed to these activities (Tipple and Salim 1999). The self-built neighborhoods with lower income groups in Dhaka 
City, however, were offered generous tolerance from respective authorities. Thus, they provide more variety in 
transformation than the other contexts. 
 
Historically speaking on the urban development Dhaka city, the previously rural residential areas outside older cities 
gradually became part of the greater city during its different phases of growth. Now they live as pockets inside the 
greater city as the city still continues to grow bigger. They became self-built neighborhoods characterized by the 
arbitrariness of land divisions often resulting from short-term visions. The Master Plan of 1959 for Dhaka City was a 
major guideline for the future land use of Dhaka City, but it did not cover these then-outlying neighborhoods. The 
historical development of these neighborhoods revealed habitations spread along a spine road on existing high land 
and selling of adjacent high lands in small segments. Due to the increasing demand of land, plots started to be sold 
at lower and backward areas also. All these resulted in inconsistent plot size and shape, complicacy and dispute in 
land ownership, a very complicated and organic web-like pattern of road networks with limited or no car access to the 
deepest ends of the webs (Fig 1). Kirwan and Martin (1972) argued that houses built in plots with more physical 
constraints have the bigger possibility to experience frequent transformation as they are generally designed with a 
short-term vision. There are bylaws, but the absence of preciseness added to a lack of strictness to implement them 
catalyzes unauthorized transformations, too. 
 
 

a

 
b  c  

 
Source: Dhaka City Corporation (DCC

: (a) map of Dhaka city showing residential ‘Ward’s (smallest administrative unit of Dhaka City), 
(b) ward no. 22 has high concentration of self-built neighborhoods and cadastral map 
of this ward shows complicated web like road network and inconsistent plot divisions,  

 2002) 
Figure 1

(c) some of the sample houses within ar showed with respective plot boundaries  
 

on as empirical evidence shows houses tend to be built only as ground floors during the first 

e 

2.2. Collection of data and methodology 
A pilot study was carried out in the summer of 2005 to collect data. Sample houses were chosen from high residential 
concentrations, i.e. not near busy roads where commercial or mixed development might also occur. Random 
sampling was not used; instead, we selected criteria in order to get ‘useful’ samples--houses that must have applied 
for permission to build at least before 1996 (when the last bylaws were enacted) with at least two permanent floors 
already constructed. This ensured the houses went through changes in bylaws, and thus had more possibility to 
transform. Having at least two permanent floors ensured that samples were likely to go through at least more than 
one phase of constructi
hase of construction. p
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The data was collected through questionnaires distributed to the sample households. Depending on our accessibility 
to samples, open-ended interviews were carried out randomly. Qualitative and quantitative data were collected on 
household changes, and the history was gathered by conducting interviews and observations. Information on 
transformations was documented through floor plans, sections, sketches, notes, and photographs. A rigorous 
database was created containing this information. The phenomenon of transformation is subjective, and we used two 
qualitative parameters namely building level transformation and partition level transformation. Here, the building level 
transformation describes those changes affecting the overall form of the house while partition level transformation 
describes those changes affecting internal spaces of the house. Findings were based on these two parameters. They 
are shown in Table 1 and Table 2 along with their sub-categories. 
 

Table 1: Building level transformation 
 Categories Definition Sub-categories Definition 

new design (nd) 

New design solution appears in newer 
floors built in later phases without addition 
or reduction of area of previously defined 
units in previous floor(s) 

same design (sd) No new design solution appears after 
addition of floors 

1 Vertical Addition 
of Floors (V_AF) 

Construction of RCC roofing 
and masonry walls to increase 
habitable spaces to the existing 
floor(s) vertically 

smaller unit (su) Smaller sized units appear in newer floors 
built in later phases 

space added (s_add)

Transform part of the left over space at 
the front or side of the ground floor into 
residential as well as non-residential 
(garage, shop, office etc.) space 2 Horizontal 

Extension (HE) 

Addition of spaces (in ground 
floor only) with temporary 
roofing such as corrugated iron 
sheets or in some cases 
bamboo matting space expanded 

(s_exp) 

Part of the GF and part of left over space 
added together to transform into 
residential or non-residential (garage, 
shop, office etc.) space 

3 Rooftop Extension 
(RE) 

Added habitable spaces at the highest floor characterized by masonry walls (corrugated partition 
walls in some cases) and corrugated iron sheet roofing 

4 
Horizontal 
Addition of Floors 
(H_AF) 

Construction of RCC roofing and masonry walls to increase habitable spaces to the existing 
floor(s) horizontally 

 
 

Table 2: Partition level transformation 
Categories Definition Sub-categories Definition 

expansion (exp) 

Space of one unit is increased by
devouring some space from adjacent 
units on the same floor, or sometimes 
occupying whole floor (if previously 
partially occupied), or in some cases 
occupying part or whole of other floor(s) 

intra-redesign (ir) 
Redistribution of spaces inside one unit 
without increasing or reducing its 
previously defined area and boundary 

intra-redesign by 
sharing (ir_s) 

Redistribution of spaces by renting out 
separate rooms to separate families, just 
by closing/ opening some doors, or by 
mutual co-habitation (shared toi/ kit) 

intra-redesign non-
residential (ir_non) 

Change of usage of part of any floor (ex. 
Garage at GF, office or storage at any 
floor etc.) 

subdivision (sub) A certain unit is subdivided into two or 
more number of units 

subdivision with new 
entry-point (sub_ne) 

A special type of subdivision happening 
only in the ground floor where new entry 
points evolve other than in stair cases, in 
order to make the entrances for one or 
more newly generated units 

Internal alteration (IA) 

Transformation of internal 
spaces in any floor by breaking 
or constructing masonry walls, 
or in some cases blocking or 
carving out doors and windows, 
without affecting the outer 
configuration of the built form 

balcony 
transformation (bt) 

Transforming a balcony into habitable 
spaces such as toilet, kitchen etc. 

 
 
2.3 Study area: 
A brief summary of the study area is shown in table 3. In selecting average values, we always preferred ‘median’ 
instead of more usually used ‘mean’. Socioeconomic data are usually skewed and in a mean, values in the long tail of 
the skewed distribution distort its value as a measure of centrality, while the median is less affected by that skewness 
(Tipple 2000) 
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Table 3: Summary of characteristics of study area 
Number of dwellings  60 
Avg. Plot sizes 195 sqm (transformers 195.2 sqm and non-transformers 223 sqm) 
Avg. GF area 139 sqm  
No. of storey 4 

Construction materials Buildings made of permanent materials (RCC footing foundations and roofing, brick 
partition walls) 

Service provided  Piped water supply, WC or pedestal pan, septic tank or direct connection to main sewer, 
electric supply, gas supply, gas stoves in kitchen  

Onset year The year of 1983 as the date of onset of ground floor construction 
Tenure Owner occupies part of the house and the other units are rented out 
Household size 3 (It includes Household, spouse, and dependent children only. Full time housekeeper is not counted) 
Annual household income Approximately US$ 4,212 
Source of income Only on House rent 29, Business 25, Service holder 5, Other 1 
Household characteristics ‘Mature’ family (53) or ‘Post-family’ (7) 
 
 
3. RESULTS AND ANALYSIS 
 
3.1. Transformers and non-transformers 
Our sample consisted of 60 houses. The median value of the number of stories is 4. The average household owns a 
moderate 195 sqm plot, which is their only piece of land where any permanent construction has ever been made. All 
the houses have access to basic urban services. Our samples were divided into transformers and non-transformers. 
Transformers were further divided into recent and established. The non-transformer group (8) is expected to be 
relatively small, and they act as a control group to examine the reasons why some transform and others do not 
(Tipple 2000). A relatively high percentage of established transformers (29) (last transformation was more than three 
years ago). It is evident that these families are in a mature or post-family stage where there is less need for changes 
of usage, space, and rents, resulting in less necessity for transformations other than minor renovation or maintenance 
work. The current age of the main household (66 years) also represents families in the mature or post-family stage. 
The recent transformers (23) (transforming at least once in the last three years) cancel out some of the vagueness of 
the data collected from the established transformers due to the likeliness of forgetting the imperatives which led to 
their transformations.  
 
Tenants provide the bulk of the habitable area. Table 3 shows that the non-transformers own relatively bigger pieces 
of land, but they occupy less area (13%) of the total floor area of the house (comparing to 25% for transformers). This 
area is occupied by either the owner or their children (married or not-married), who live rent-free through family 
loyalties. This suggests that rental income plays a vital role in the life-hood. Established transformers have started 
transformation at an interval of 5 years after onset while recent transformers start after 4 years of onset, and the 
reason for both are demographics. Considering similar age of all owners, it extends Seek (1983)’s statement that 
family needs are the main reasons for the first transformation even with tenant-oriented houses. Table 4 shows that 
the non-transformers started at a relatively later stage than the transformers (1988), and established transformers 
mostly started before 1984, the year when modified and more sensible setback rules were enacted. This might 
provide reasons on the part of established transformers for transforming 3 times in as many as 3 years from the first 
transformation. recent transformers do it 3 times in 12 years. All transformers come to an end after 3 transformations. 
The family-needs are supposed to be solved with the initial transformation. Therefore, less frequent transformations 
in recent transformers and no transformations at all in the non-transformer group suggest better design solution 
appear in houses after 1984 as they might have benefited from the new regulations, which is an interesting finding 
and offers scope for further study.  

 
Table 4: Age and establishment records of heads of main households 

 All 
transformers

Established 
transformers 

Recent 
transformers 

Non-
transformers

Age at moving into the house (yr) 44 44 49 48 
Length of stay in the house (yr) 23 24 21 18 
Current age of head (yr) 66 68 65 67 
Age at first transformation (yr) 50 49 51  
Year of onset 1983 1982 1985 1988 
Year of first transformation 1990 1989 1990  
Time Gap between onset and first transformation (yr) 4 5 4  
Time gap between first and last transformation (yr) 5 3 12  
Number of transformation (yr) 3 3 3  
Time interval for each transformation (yr) 2 1 4  
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3.2. Building and Partition levels of transformation 
From Table 5, it is interesting to note that economic reasons are evidently the main driving force for transformation 
(114 / 179), followed by the demographic reasons (54 / 179). The single most individual reason for transformation is 
the lack of funds at hand to complete the anticipated level of construction (48 / 179), followed by striving to get more 
rental income (39 / 179) and improving design solutions for owner (32 / 179). 
 
Resulting from economic reasons, the major category of transformation (building or partition level) is vertical addition 
of floor (58 / 114), followed by internal alteration (27 / 114). Emergence of new design (30 / 58) is the major sub-
category for the building level, while three sub-categories are similarly significant for partition level (subdivision 8 / 27, 
intra-redesign 7 / 27, subdivision with new entry-point 6 / 27). Resulting from demographic reasons, the major 
category of transformation (building or partition level) is internal alteration (31 / 54), followed by vertical addition of 
floor (13 / 54). expansion (14 / 31) and balcony transformation (12 / 31) are major sub-categories for internal 
alteration, while new design is solely responsible for all 13 instances of vertical addition of floor. 
 
Irrespective of reasons, vertical addition of floor is the most common category of transformation (71 / 179), reflecting 
the fact that houses are built in phases due to lack of fund at hand. It is followed by internal alteration (61 / 179), 
reflecting the fact that many changes happen inside. In achieving vertical addition of floor, the emergence of new 
design is very popular (43 / 71). It reflects that the needs for changing previous design are very much vital. Three of 
the sub-categories of internal alteration appear to be of similar significance (expansion 14, balcony transformation 13, 
and intra-redesign 10).  
 
As mentioned before, emergence of new design is the major sub-category among any level of transformation (43 / 
179). It can be considered as internal alteration of an implicit kind. It can be said about smaller units (8 / 179) too. 
These two together with all the sub-categories of internal alteration (61 / 179) comprising the bulk of all the 
transformations (112 / 179) happen inside and can be regarded as invisible from outside. So it is clearly evident that 
in transformation (building or partition level), most of the changes happen almost unnoticed. 
 

Table 5: Important factors in the decision to transform resulting from internal housing stress 
More people joining the household 1 IA 1 

Children getting older, so need for newer spaces 21 V_AF 4, H_AF 7, IA 10 Demographic reasons 54 
Improving design solutions for owner 32 V_AF 9, H_AF 2, IA 20, RE 1 

To utilize previously unused land  17 V_AF 5, H_AF 7, IA 1, HE 4 
Lack of fund at hand 48 V_AF 47, H_AF 1 

To get more rental income 39 V_AF 6, H_AF 1, IA 21, HE 3, RE 
8 

To have a business  5 IA 5 

Economic reasons 114 

To rent out shop 5 HE 5 

To accommodate car 6 IA 3, HE 3 Other reasons 11 
For storage 5 RE 5 

Total Cases 179      
 
 

        
1976: GF  
Built as single unit house, 
occupying Southern part 
of the site 

1977: 1F: V_AF (nd) 
Owner decides to construct part 
of 1F as fund allowed, and then 
decides to live there 

1986: GF: IA (sub_ne/ bt) 
GF is subdivided into 2 units for 
more rental income, new entry 
shown and balcony is transformed 

1986 :1F: H_AF (nd) 
Owner occupies full of1F 
as family grows 

1986: 2F: H_AF (nd) 
Part of 2F is built as 
fund allows only that 

    

1994: 2F: V_AF (nd) 
2F is built completely 
when fund allows, 3 units 
in floor, so new design 
solution appears 

1994: 3F & 4F: V_AF (nd) 
3F and 4F is built when fund 
allows, each floor with 2 units, 
so even newer design solution 
appears 

1996: 3F & 4F: IA (ir) 
Internal change done together 
with other works at GF, the upper 
two floors get an extra room each 

1996: GF: HE 
Garage added when car is 
bought, shop added 
utilizing previously unused 
land 

 
View from entry 

 
 

Figure 2: A particular case experiencing different building and partition level transformations throughout its lifetime 
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3.3. Construction materials involved in transformation process 
Construction and finish materials give a clear idea about the context. In this section, we examine various construction 
materials involved in the transformation process. The prices of the items (per sqm) which involve considerable cost 
are as follows: RCC floor (15 cm thick with neat cement finishing) US$24-30; brick partition wall (15 cm thick, 
plastered both sides with lime wash) US$8-9; CI sheet wall or roof (on wooden frame) US$6; steel grill US$70; cast 
iron windows (made of angles with 3 mm plain glass) US$43; and aluminum sliding windows (with 5 mm tinted glass) 
US$50, all of which include the cost of labor. 
 
It is obvious that the addition of floor (vertical or horizontal) is the most expensive because it involves larger areas of 
RCC construction. This is one of the main reasons for buildings to be constructed in phases, as these people do not 
usually have the capital to complete their houses in a single stretch. Roofs for horizontal extension and rooftop 
extension are most likely to be constructed with CI sheet. It offers cheaper, quicker, as well as less controversial 
solutions especially considering RCC roofing might be questioned by authority or by neighbors in these two kinds of 
transformations. The brick partition walls are involved in internal alteration, horizontal extension, or rooftop extension. 
For windows, cast iron frames with smaller pieces (app. 30 x 30 sqcm) of 3 mm plain glass are popular options used 
in all kinds of transformation, though aluminum windows are quickly becoming popular since the prices became 
reasonable during the last five years. Addition of floor (vertical or horizontal) can be associated with both types of 
windows though rooftop extensions or horizontal extensions are invariably associated with cast iron windows. These 
are shown in Table 6. 
 

Table 6: Number of transformation and corresponding use of materials 
 Building level transformation 
Categories Sub-categories 

Partition wall Roof Windows with grills 

Iron frame + plain glass 37 new design (nd) 43 Brick 43 RCC 43 
Aluminum 6 

same design (sd) 20 Brick 20 RCC 20 Iron frame + plain glass 20 
Vertical Addition of 
Floor (V_AF): 71 

smaller unit (su) 8 Brick 8  RCC 8  Iron frame + plain glass 8 
spaces expanded 
(s_exp) 2 Brick 2 CI sheet/ 

grill 2 Not found   

Brick 11 CI Sheet 16 CI Sheet + grill 6 

Horizontal Extension 
(HE): 18 

 space added(s_add) 16 
CI Sheet 5     Iron frame + plain glass 1 
Brick 11 CI Sheet 13 Iron frame + plain glass 10 Rooftop Extension 

(RE): 14   14 
CI Sheet 3 Other 1 CI Sheet 3 

Iron frame + plain glass 15 Horizontal Addition of 
Floors (H_AF): 18   18 Brick 18 RCC 18 

Aluminum 3 
Total: 121 
Partition level transformation 
Categories Sub-categories 

Partition wall Roof Windows with grills 

expansion (exp) 14 Brick 14 N/A   Iron frame + plain glass 4 
Iron frame + plain glass 3 intra- redesign (ir) 10 Brick 10 N/A   

  Aluminum 1 
intra-redesign non-
residential (ir_non) 3 Brick 3 N/A   Not found  

intra-redesign by 
sharing (ir_s) 7 N/A   N/A   N/A  

subdivision (sub) 8 Brick 8 N/A   Iron frame + plain glass 2 
subdivision with new 
entry-point (sub_ne) 6 Brick 6 N/A   Not found   

Brick 12 Iron frame + plain glass 10 
CI Sheet 1 Aluminum 1 

Internal Alteration 
(IA): 58 

 

balcony transformation 
(bt) 13 

    
N/A   

CI Sheet 1 
Grand total: 179         

 
3.4. Effects of transformation  
Transformation represents a continuous treatise of particular housing needs of family life. The respective materials 
and costs reflect the volume of work involved. Though the consequent effects of transformation are out of the scope 
of this paper and involve further study, it is impossible to overlook the effects completely. There are several positive 
and negative outcomes of transformation. The positive effects include accommodation of better living spaces for the 
owners corresponding to their lifecycles and accommodation of extra households in the form of tenants. 
Transformation allows economic activity in the houses including renting rooms (passive) and retailing and production 
(active). No evidence of devaluation of the surroundings was found (Tipple 1999). It increases the number of people 
accommodated as different sub-categories of internal alteration suggest. Other effects include improved level of 
services, increased income level of owners, etc.--all of which are worthy of detail investigation. There are also several 
qualitative issues met through transformation such as ease of housing stress, an increase in status and self dignity, 
an increase in house value, etc. Transformation also allows individuals to adjust their own housing at their own pace 
and within their own limits in order to express their socio-economic and cultural states through their built-environment. 
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Arguably, there are several negative effects of user-initiated transformation such as it is usually uncontrolled and 
occasionally unplanned, but our study of different categories of transformation shows that they may not be 
unpredictable. Some cases of localized problems may arise as a result of a very high floor-space index and plot 
coverage creating environmental problems. More population might result in a need for more service facilities, more 
complicacy in the infra-structural network, and more pressure on access roads and spaces between buildings, often 
creating unhealthy maintenance activities. Transformation often also looks chaotic rather than structured in the 
absence of some model solutions. The neighborhood might look different from what it was planned. Transformed 
rooms and spaces might not have minimal standards of space and utility and may not conform to building regulations 
minima for dimensions, lighting, ventilation, etc. Non-conforming users may create negative externalities, which can 
create nuisances, traffic problems, and other dangers that can reduce the enjoyment of the residential area and lower 
market values. 
 
CONCLUSION 
Transformation is a natural phenomenon. Households always try to practice it in order to cope with their transforming 
lifecycles. This study attempts to determine which kind of transformation people like to make responding to different 
variables and available methods of construction on a given context. Since it is initiated by individual owners, the 
transformations discussed in this paper can be regarded as a great force to contribute to the localized social, 
economic, and environmental quality of the living and working environment without direct intervention from the 
highest authority, which by the way, is often hindered due to top-down complicacy. 
 
Considering the categories and sub-categories of transformation, all of them are part of a continuous process of 
changes in the usage of available spaces. When we are concerned with the visibility of transformation inside the built-
environment, the building level transformation is often noticed while the partition level of transformation is not. Even in 
the case of the former, only the changes in the outer built forms are noticed, not the changes inside. Not only that 
these transformations are unnoticed from outside but also are they often unnoticed by architects or design 
professionals. Thus, there exists a relative gap of communication between the users and the architects (or designers) 
in terms of providing professional service at a time when transformations occur. 
 
We suggest that while the building level transformation should be precisely studied by concerned authorities in order 
to find out acceptable level or degree of transformation to make the building effectively suited to the neighborhood to 
which it belongs, the partition level transformation should be precisely studied by architects so that the users can be 
provided with professional solutions (considering layout, construction method, or materials) during the transformation 
process even if no architect is directly involved.  
 
The houses in self-built neighborhoods represent the transforming lifecycle for which they are built. Since it is a 
universal phenomenon, we can extend the findings of this study to other forms of housings such as in large-scale 
public or private real estate housings, which represent planned and bigger communities, especially in the process of 
rehab where transformation is inevitable. The approach to architectural practice involving changes has not yet been 
effectively addressed in residential architecture, and this paper is a reminder of its imminent necessity. 
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ABSTRACT:  
Post occupancy evaluations of buildings are noted for their ability to provide vital feedback regarding a 
building’s performance in use.  In addition to obtaining physical measurements of thermal performance 
and energy consumption, it is crucial to obtain feedback on user experience and satisfaction with the 
building environment to gain a true picture of the effectiveness of low energy buildings.  This paper will 
report findings of a study aimed at investigating building performance and occupant experience of the 
Torrent Research Centre in Ahmedabad, India.  The Centre comprises six laboratory and office blocks, 
four of which incorporate a passive downdraft evaporative cooling system (PDEC).  Air-conditioning is 
restricted to the two equipment intensive laboratories.  While a number of earlier publications have 
reported on the configuration of the environmental control systems and the thermal performance of this 
building, this paper will provide insights into the occupants’ experience and feedback on the building 
and will detail the comparative performance of the PDEC and air-conditioned blocks.  Occupant 
perception of overall comfort (summer, winter and monsoon), temperature, air movement and quality, 
lighting, noise, productivity, health, design, image and workplace needs was evaluated using the 
Building Use Studies workplace survey.   
 
The co-location of PDEC and air-conditioned blocks offers a unique opportunity to compare 
performance while overcoming issues arising from contextual differences such as conditions of work, 
attitudes and expectations of employees likely to occur between respondents in different countries.  
The findings reveal occupant satisfaction in both the PDEC and air-conditioned blocks to be well above 
Building Use Studies’ international benchmarks.  In addition to their lower energy consumption, the 
overwhelmingly positive user satisfaction responses of the PDEC blocks validate the integration of 
alternative climate control systems such as evaporative cooling in contemporary buildings in India. 
 
Conference theme: Human issues: social, cultural, economic, thermal comfort 
Keywords:  post occupancy evaluation; occupant satisfaction; passive downdraft evaporative cooling 
 
 

INTRODUCTION 
In keeping with a rich tradition of climate responsive vernacular architecture in India, a number of passive solar and 
energy efficient non residential buildings have been developed over the last two decades in India (see Majumdar 
2001a).  These are designed and developed in response to growing concerns for minimising energy dependence in a 
context where increased urbanisation fuels power demand, over 30% of electricity energy is consumed in commercial 
and domestic buildings, and air conditioning (AC) accounts for 50% of energy use in modern commercial buildings.  
(TERI 2005).  The Torrent Research Centre Building in Ahmedabad has been widely reported as a unique example 
for climate responsive design which integrates a passive downdraft evaporative cooling (PDEC) system.  A detailed 
description of the design process, building configuration, environmental control system and thermal performance can 
be found in an earlier study completed by Baird (2001).  The building was revisited at the end of 2004 by the authors 
with the aim of investigating building performance and occupant experience.   
 
1. POST OCCUPANCY EVALUATION METHODOLOGY 
Post occupancy evaluations of buildings are noted for their ability to provide vital feedback regarding a building’s 
performance in use.  In addition to obtaining physical measurements of thermal performance and energy 
consumption, it is now widely recognised that feedback on user experience and satisfaction with the building 
environment is necessary to gain a true picture of the effectiveness of low energy buildings.  (BRI 2001)  
 
The present study comprised of a site visit of the building while in use, interviews of key stakeholders (architect, 
consultant, and client) and the administration of an occupant survey.  In addition, information regarding energy 
consumption was sourced from the building owner-occupier based on in-house metering and energy bills, and 
information as to temperature monitoring was sourced from previous studies. 
 
The occupant survey used was the Building Use Studies Survey (BUS) Workplace Questionnaire. The BUS 
questionnaire is a post occupancy evaluation instrument developed by Building Use Studies, UK.  The BUS survey 
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method was originally developed for the Office Environment Survey (Wilson and Hedge,1987), and then adapted for 
the PROBE (Post-occupancy Review Of Buildings and their Environment) project (1997-2002) in the United Kingdom 
published through the Building Services Journal.  The database comprises over 260 buildings worldwide.  The two 
page paper-based ‘standard’ questionnaire was selected for its capacity to provide feedback on a range of 63 
variables covering aspects of overall comfort, temperature, air movement and quality, lighting, noise, productivity, 
health, design, image and workplace needs.  While the standard questionnaire includes questions relating to comfort, 
temperature and air in summer and winter, they were mirrored to cover the monsoon season when many parts of the 
Indian subcontinent experience hot humid conditions.   
 
It should be noted that the results are not derived, for example, from estimations for thermal comfort that may be 
obtained by applying calculation methods such as PMV (Predicted Mean Vote after Fanger, 1970) or adaptation 
models (after Auliciems, 1983) to monitored temperature data.  Rather the survey data and open ended comments 
provide a rich description of users’ experience and assessment of temperature, air, noise, lighting and comfort 
overall.   
 
Based on extensive research, the developers of BUS (Leaman and Bordass 2005) have noted that perceived 
productivity as used in the BUS survey is considered the best available indicator (as opposed to number of sick days, 
or number of key strokes that can be achieved within a set time frame) that is common to all respondents in a 
building, and enables comparison across buildings.  
 
The survey instrument has proven to be a robust instrument for measuring users’ experience in office environments 
worldwide.  It has been used by the authors in the United Kingdom, Ireland, the USA, Canada, Australia, New 
Zealand, Germany, Japan, Singapore, India and Malaysia.  Other non-western locations where BUS has been used 
include Saudi Arabia, Tanzania and China1.   
 
Analysis of survey responses for each variable yields a mean value which may be simply assessed in relation to the 
selected scale, or compared with the mean value from the BUS dataset benchmark together with its upper and lower 
95% confidence intervals (which are based on the previous 50 buildings analysed).  The results for the BUS Survey 
are presented in Section 3.  Unless stated otherwise, responses to the variables are sought on a 7-point scale.  In the 
discussions of survey response means and their standard deviations (SD), reference is made to three types of scale:  

• A-type scale where better values are found towards the "right hand" of scale, 1=worst,  7=best  
• B-type scale where better values are found towards centre of scale, 4=best  
• C-type scale where better values are found towards the “left hand” of scale, 1=best, 7=worst. 

 
The survey was administered to occupants of the Torrent Research Centre in December 2004.  The questionnaires 
were personally distributed to all occupants (by one of the authors) over the course of a day.  Where occupants were 
absent from their workstations, questionnaires were placed on the desks with requisite information letters.  The 
majority of the completed questionnaires were personally collected on the same day, with the author returning over 
the next couple of days to collect remaining questionnaires.   
 
A total of 292 surveys were distributed and 164 responses returned, 64 from the AC blocks, 100 from the PDEC 
blocks.  There were limited differences in terms of the demographics in the AC and PDEC buildings.  Respondents in 
both groups were predominantly male (AC=92% and PDEC=89%) and majority were under the age of 30 (80% in AC 
and 70% in PDEC).  Most of the respondents had worked in the building longer than one year (54% and 53% in AC 
and PDEC respectively), and roughly a quarter to a third of respondents reported that they were seated next to a 
window (AC 23%, PDEC 30%).  The offices were predominantly open plan with the exception of senior management.  
47% in PDEC shared their office with more than eight others, and another 24% shared their office with five to eight 
others.  Similarly in the AC buildings 43% shared their office with more than eight others, and another 30% shared 
their office with five to eight others.   
 
2. BUILDING DESIGN PROCESS AND OUTCOME  
The TRC complex is comprised of a range of pharmaceutical research facilities and related support services, housed 
in a group of a dozen or so buildings. This study was focussed on the main group of five three-storey laboratory 
buildings and one administrative block radiating from a circular-plan core building (see Figure 2). Started in 1994, 
construction was completed by 2000, the laboratories having been occupied progressively since the latter part of 
1996. 
 
Principal architects for the project were the husband and wife team of Nimish Patel and Parul Zaveri practicing under 
the name of Abhikram since 1979.  From the outset, they resolved that all of their buildings would be able to work 
during daylight hours using the minimum of electrical energy.  In time, this objective evolved into one of the practice’s 
six statements of basic design philosophy, viz, ‘Conservation of resources is the primary guideline for all the projects’ 
(Abhikram 1998). Environmental design consulting services for the typical laboratory block on this project were 
provided by the London-based firm of Short + Ford Associates who had carried out pioneering work on natural 
ventilation systems in Europe.  The design served as a prototype for the remaining laboratory buildings and 
administrative buildings that were developed and detailed by Abhikram with assistance from Solar Agni International, 
Pondicherry.  The design of the more conventional air conditioning systems, for those parts of the building which 
required them, was undertaken by engineering consultant Mr M Dastur of New Delhi, while the design and 

                                                 
1 Source: 2006 Communication from Adrian Leaman, Building Use Studies. 
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construction of the water spray used in conjunction with the PDEC system was carried out in-house by Torrent’s 
Assistant General Manager (Engineering) Mr S B Namjoshi, and his team. 
 

 
Figure 1: Plan and section of a PDEC Building 

 
Figure 2: Torrent Research Centre – Layout Plan 

 
Figure 3: Torrent Research Centre 

(drawings and photo courtesy: Abhikram) 

The Board of Torrent Pharmaceuticals Ltd. had decided to make a major investment in research and needed a new 
facility in order to expand this aspect of their operation. They also proved willing to embrace the Abhikram design 
philosophy.  From the environmental point of view, the intent was to maximise the use of natural light and ventilation, 
use locally available natural materials, and control the ingress of dust. All of which was a fairly tall order in a climate 
with three distinct seasons - hot and dry from March to June with temperatures reaching well over 40ºC, warm and 
humid from July to September during the monsoon, and cool and dry from October to February, the 1 per cent values 
ranging from +12.8ºC in the cool season to +41.0ºC in the hot (ASHRAE, 2001: 27.36-7). With the appointment of 
Abhikram as architects for the Centre, designing of the first laboratory block commenced in early 1992.  A central 
corridor concept, with working spaces on either side, was developed and the Passive Downdraft Evaporative Cooling 
(PDEC) method of cooling adopted for the final design in February 1994.  In this scheme the air was supplied via the 
central corridor and exhausted at the perimeter as indicated on Figure 1.  
 
While many aspects of environmental design were taken into account, Dr C Dutt, Torrent’s Director of Research, was 
quite prepared to take a “wait and see” position on some issues - for example, on the questions of the potential for 
rain penetration via the ventilation towers, or for lack of air movement in some locations. He was also open to the 
concept of designing for a threshold temperature (28-28.5ºC) which could be exceeded for a certain number of hours, 
rather than some absolute value. In this connection, the designers were unstinting in their admiration for him as a 
critical, but immensely supportive client (Chauhan, 1998). 
 
Each laboratory building has a similar 22m by 17m plan, with a 4m wide corridor flanked by 5m deep office spaces 
and 8m deep laboratory spaces (see Figures 1 and 2). Two of the five laboratory buildings are air conditioned, the 
other three equipped with the PDEC system.  The larger main administrative building (see Figure 2) is located to the 
north of the laboratories, and a utilities building to the south, with a two level corridor spine linking.  The entire 
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complex covers 22,600m2 of floor space, of which around 3,200m2 is air-conditioned. The central plant for this 
research facility includes two oil fired steam boilers with a capacity of 4T/hr each, two 175cfm air compressors, two 
725KVA diesel generator sets, and some 350 Tons of refrigeration capacity. 
 
Overall control of solar heat gains is achieved by judicious design of the glazing. The fixed windows are shaded 
externally by horizontal overhangs, and in the vertical plane by the air exhaust towers which project from the façade. 
The buildings are thermally massive - the reinforced concrete construction framed structure has plastered cavity brick 
infill walls and hollow concrete blocks filling the roof coffers plastered inside. Vermiculite is used as an insulating 
material on both roof and walls. External surfaces are white - the walls painted, the roof using a china mosaic finish. 
 
The critical climatic time of the year is the hot dry season when mid-afternoon outside temperatures regularly reach 
40ºC or more. These are the conditions under which the PDEC system is designed to operate. It does so by piping 
water through nozzles at a pressure of 50 Pa to produce a fine mist (dubbed the ‘microniser’ system by Brian Ford) at 
the top of the three large air intake towers located above the central corridors of each laboratory building. 
Evaporation of the fine mist serves to cool the air which then descends slowly through the central corridor space via 
the openings on each side of the walkway (see Figure 1). At each level, sets of hopper windows designed to catch 
the descending flow, can be used to divert some of this cooled air into the adjacent space. Having passed through 
the space, the air may then exit via high level glass louvred openings which connect directly to the perimeter exhaust 
air towers. Night time ventilation is also an option during this season.  During the warm humid monsoon season when 
the use of the microniser would be inappropriate, the ceiling fans (introduced to ameliorate the muggy conditions 
experienced during the first monsoon season) can be brought into operation to provide additional air movement in the 
offices and laboratories. In the cooler season the operating strategy is designed to control the ventilation, particularly 
at night, to minimise heat losses - this is done simply by the users adjusting the hopper widows and louvred openings 
in their individual spaces to suit their requirements.  
 
Each of the building blocks surveyed was originally designed for an occupancy of 25 scientists.  With the expansion 
of activities, increase in staff and overlapping shifts in recent years, some of the buildings currently house as many as 
70 – 80 people working at the same time.   
 
3. POST OCCUPANCY EVALUATION OUTCOMES 
Figure 4 and Figure 5 represent the summary performance of the building for critical variables.  As evident both the 
PDEC blocks and the AC blocks returned mean scores that were significantly better or higher than both benchmark 
and scale mid-point for all of the categories.  The consistently positive responses with respect to international 
benchmarks and scale mid-point is certainly worthy of note.  With the Torrent building being only the second building 
to be surveyed using the BUS methodology in India, it could be argued that regional benchmarks will be necessary 
before more context specific comparisons can be made.  Nevertheless the co-location of passive downdraft 
evaporative cooling (PDEC) and air-conditioned (AC) blocks at Torrent offers a unique opportunity to compare 
performance while overcoming any potential issues arising from contextual differences such as demographics, 
conditions of work, attitudes and expectations of employees likely to occur between respondents in different 
countries. It should be noted that the analysis presented here focuses on the comparison of the overall performance 
of the PDEC and AC buildings.  Further sub analyses of various parts of the buildings (for example by building 
blocks, floors, departments) are considered outside the scope of the present study. Standard deviations of responses 
are noted in the paper and it is also worth noting that comments received were fairly consistent across the buildings.  
Detailed results and their implications are discussed below. 
 

 
© Building Use Studies 2005 

Figure 4: Building Use Studies Summary Chart for PDEC Buildings at Torrent Research Centre 
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100 respondents – December 2004  

 
© Building Use Studies 2005 

Perceived productivity for air conditioned buildings was rated at +20.88% 

Figure 5: Building Use Summary Chart for AC Buildings at Torrent Research Centre 
64 respondents – December 2004 

 
Key to BUS Summary Charts 
These are summaries of some of the variables used in Building Use Studies building occupant assessments. 
The mean value from the survey is assessed against upper and lower limits from the benchmarks for both the 
benchmark value itself and the scale midpoint.  The upper and lower limits are based on 95% confidence level.  This 
creates the criteria for the green, amber or red results for the test as follows:  Green diamonds represent mean 
values significantly better or higher than both benchmark and scale midpoint (a good score). Amber 
diamonds are mean values no different from benchmark and scale midpoint (a typical score). Red diamonds are 
mean values significantly worse or lower than benchmark and scale midpoint (a poor score). Benchmarks are 
represented by the small blue rectangle on the top scale of each variable. They are drawn from British, 
Australian and International datasets, depending on context. There are no benchmarks available for monsoon season 
as yet.  All of the summary variables above are rated on a (A type) 7-point scale where 7 is best and 1 is worst.  © 
Building Use Studies 2005 
a. Temperature, Air Quality and Overall Comfort 
As noted the PDEC buildings were developed with an approach towards designing for a threshold temperature 
around 28ºC which could be exceeded for a certain number of hours.  Previously monitored temperatures in 1997 
and 1998 had indicated that internal maximum temperatures could be maintained 12-14 degrees below the external 
peak and that internal temperatures were around 5 degrees lower than average external temperatures (Baird 2001).  
Ford (1999) reports temperatures of 27ºC to the ground floor and 29ºC to the first floor with outdoor temperatures at 
38ºC and Majumdar (2001b) reports temperatures of 29-30ºC being achieved when outside temperatures reach 43-
44ºC.  Majumdar also reported temperature fluctuations did not exceed a 4 degree range over any 24 hour period, 
when temperature fluctuations outdoor were as much as 14-17 degrees.  One of the early issues noted was a 
tendency for air to by-pass the top floor (Ford et al 1998).    
 
As seen in Figure 4, overall ratings of summer and winter temperatures are significantly higher than the midpoint and 
benchmarks for the PDEC buildings (summer Mean=4.61, SD=2.1; winter Mean=5.84, SD=1.2; A type scale).  This is 
also the case for overall Air conditions (summer Mean=4.44, SD=1.9; winter Mean=5.54, SD=1.3) and Comfort 
overall (Mean=5.16, SD=1.6).  The overall results for Temperature Air and Comfort for PDEC in this survey 
corroborates earlier reports that “comfort conditions have not been compromised” (Majumdar 2001 b).  Figure 5 
shows similarly positive results for the air-conditioned buildings.   
 
Figure 6 shows occupants consistently rated temperatures on the colder side of neutral (mid point of a scale of too 
hot – too cold) in the air-conditioned buildings.  The mean scores for air-conditioned buildings were 4.35 in summer 
(SD=1.0), 5.29 (SD=1.0) in winter and 4.66 (SD=0.8) in monsoon on a B type scale of 1 to 7 where 1=too hot and 
7=too cold.  This is not surprising given that the controlled air conditioned labs are maintained at temperatures 
around 22-24ºC in comparison to a more adaptable range of generally 5 degrees less than the outside mean 
temperatures in the PDEC buildings. On the same scale the means scores for the PDEC buildings are close to 
neutral in monsoon and on the colder and warmer sides of neutral in winter and summer respectively.   
 
The overall satisfaction for Comfort, Air Quality and Temperature seen in the PDEC buildings, particularly in context 
of acceptable temperature ranges that are much higher than those deemed acceptable in air-conditioned and 
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western contexts is worthy of further study.  This latter aspect has resonance with the field studies such as those of 
Nicol et al (1999, cited in Nicol and Humphreys 2002) amongst office workers in Pakistan where office workers were 
found to be comfortable at temperatures between 20 and 30ºC with no cooling apart from fans, and the assertion of 
Nicol and Humphreys following their extensive work in this field across a number of countries that “optimal indoor 
environments in a building are a function of its form, its services [the researchers define this to include controls and 
building management] and the climate in which it is placed”.   
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Figure 6: BUS Results Temperature (too hot/cold) 
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Figure 7: BUS Results Air (dry/humid) 

 
The performance of the building in the monsoon season was of particular interest in the PDEC buildings.  Following 
the first year of occupancy ceiling fans were installed as a consequence of the experience of “muggy conditions” in 
the building as noted by the client (Dutt, cited in Majumdar 2001 b).  Occupant responses for this season were 
generally positive.  In addition to the scores above midpoint for overall satisfaction with temperature (Figure 4) and 
close to neutral rating of experienced temperatures (Figure 6),  occupants experienced some concern about air 
humidity (Figure 7, Mean=4.95, SD=1.4 on a B type scale 1=dry and 7=humid) and moderate satisfaction with overall 
air conditions in monsoon (Mean=4.68, SD=1.5 on an A type scale 1=unsatisfactory, 7=satisfactory).   
 
Open ended comments to comfort and ventilation arising from both PDEC and AC blocks were predominantly 
positive, Comments from the PDEC included “Everything in this building is well equipped for work and comfort” 
(PDEC) “Satisfactory, well ventilated good infrastructure” and “Good ventilation”.  Nevertheless there are some 
experiences of discomfort in summer for the PDEC buildings:  “If summer can be taken care of this will be a 
wonderful place to work at” (PDEC), as well as some concerns about odours during this period “Stuffy in summer with 
lots of odour and poor ventilation”.  It is likely that the increase in internal heat gains and latent loads from increased 
occupancy (see Section 2) in the PDEC buildings results in more incidences of internal conditions sliding above 
acceptable levels, particularly when temperatures peak outdoor in summer.  Monitoring of temperature conditions 
and ongoing changes to occupant needs, coupled with evaluations of user experience, would be necessary to study 
this in detail.   
b. Lighting:  
Both types of building performed well in terms of overall lighting.  Figure 4 and Figure 5 indicate there was general 
satisfaction with the lighting conditions overall (PDEC=5.86, SD=1.5; AC=6.46, SD=1.0 on an A-type scale - 
1=unsatisfactory, 7=satisfactory).  Both the PDEC and the AC buildings had similar configurations in terms of layout, 
window to wall ratios and access to daylight.  Not all workstations received natural light and this was evident in some 
of the individual open ended comments:  "Natural light is insufficient”; (PDEC); "Lighting is very good at TRC. 
Whether it is natural or artificial is up to the [location] of work” (PDEC); "Lighting is good, natural light is less” (AC).  
 
Nevertheless the detail scores for natural light (B-type scale, 1=too little to 7=too much) were close to mid point - 
3.82, (SD=1.7) for PDEC and 3.96 (SD=2.0) for AC.  Artificial lighting on the other hand rated closer to the “too much” 
end of the B-type scale, with PDEC=4.86 (SD=1.5) and AC=4.79 (SD=1.5).  The building also rated well for minimum 
glare from the sun and sky. The overall satisfaction with natural lighting is particularly noteworthy given the low 
window to wall ratios of the facades that were employed in order to minimise fabric heat gains, coupled with the 
provision of diffused daylight to the central walkways and offices adjoining air inlet/outlet towers.   
c. Noise:   
Open ended comments suggest that there were minor issues with noise from colleagues, inside and from other 
people, however as evident in Figure 4 and Figure 5, there was general satisfaction with the noise conditions overall 
– (PDEC=5.09, SD=1.6; AC=5.39, SD=1.5 on an A-type scale - 1=unsatisfactory, 7=satisfactory).  The green-field 
setting of Torrent buildings on the outskirts of the city has meant there are no particular issues with noise from 
external sources even in the buildings with openable windows and PDEC systems installed. 
d. Control 
In the PDEC buildings, occupants are able to adjust hopper windows to inlet towers and louvers, operate ceiling fans 
and switch on lights.  Responses show a perceived lack of control for cooling heating ventilation and noise (more or 
less about the mid point on an A-type scale 1=no control and 7=full control) and low rating of importance for control 
(under 20% rated control as important).  However as evident in sections on Comfort and Productivity, this had little 
impact on overall comfort and perceived productivity.  This would corroborate Leaman and Bordass’ findings (2005) 
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that the strength of the relationship between perceived control and productivity declines as the buildings perform 
better.   
e. Design, Needs and Image to visitors 
As noted elsewhere (Baird 2001) the building is distinguished for its overt expression of thermal environmental 
control systems.  The nature of the design process which involved a close collaboration of the users and the design 
team has been discussed previously (see Baird).  The recent site visit revealed that all current users were very aware 
of the design intent of the building and were appreciative of its unique ventilation and cooling systems and 
appearance.   
 
Users across all the buildings blocks and functions were consistent in their high rating for Design and Image to 
visitors.  In addition, they rated the building highly for its ability to satisfy their needs (5.44, SD=1.6 in PDEC and 5.79, 
SD=1.3 in AC, A-type scale) overall.  Mean scores were also consistently better than benchmark and scale midpoint 
for aspects such as cleaning, availability of meeting rooms, space in the building, space at the desk, storage space 
and furniture.   
f. Health and Productivity (perceived) 
Interestingly, the mean responses for both PDEC and AC suggest users at Torrent feel more healthy when they are 
in the building (4.74 in PDEC and 5.53 in AC, A-type scale - see Figures 4 and 5).  In addition, the building returned  
perceived productivity rating of +20.88% for AC (SD=15.4) and +13.66% (SD=19.3) for PDEC on a 9-point scale of “-
40% or less” to “+ 40% or more”.  Positive responses to both health and productivity were corroborated by the 
majority of the open ended comments.   
 
Leaman and Bordass (2005) identify the following “killer variables” that produce positive correlations with productivity: 
positive responses to comfort, responsiveness to need, clarity of design intent to users, robust ventilation and air 
conditioning systems, and attention to designing for workplace needs.  With all of these factors present in the Torrent 
building, the positive results for perceived productivity reinforce the value of these influencing factors in shaping 
users’ experience.   
g. Energy 
The total energy consumption for PDEC and AC combined (includes light, equipment and AC for 2 blocks) for the 6 
blocks in 2005 was 647000 kWh2. This averages to 54 kWh/m2.a (based on a floor area of 12000m2 for the surveyed 
buildings).  In the absence of benchmarkable data for buildings such as Torrent comprising labs and offices with 
extended hours of operation in hot dry climate in India, the building may be compared to available data and targets 
for office buildings.  For example, the energy consumption at Torrent is extremely lower than the typical energy 
consumption in Indian commercial buildings which has been reported to be the range of 280-500kWh/m2.a (Singh 
and Michealowa, 2004).  Further, the Torrent energy consumption performance compares very favourably to the 
target for newly developed fully air-conditioned office buildings under the recently introduced environmental rating 
scheme TERIGRIHA.  Current targets for best practice under that scheme are set not to exceed 140 kWh/m2.a for 
day use office building in a “composite” climate 3.  Not only is the Torrent building located in a “hot dry” climate which 
is more demanding of energy for space conditioning than would be the case in a “composite” climate, the building has 
equipment loads which are higher than typical offices and it is used over longer hours than typical office buildings.  
Clearly even against more stringent targets, the building has delivered low energy outcomes.  These can be 
attributed to its attention to climate responsive design as outlined in Section 2.   
 
4. CONCLUSIONS 
While the Torrent Research Centre has previously been widely reported for its attention to passive solar design, the 
present study is noteworthy in being the first aimed at a detailed investigation of user experience in conjunction with 
building design and performance.  In addition to the implications of the findings in relation to design approach, 
building design and management discussed above, the following conclusions are noteworthy.   
 
The building demonstrates excellent environmental outcomes.  The inclusion of a number of factors such as client 
commitment for environmental design, clear goals for environmental performance, an integrated multidisciplinary 
team approach to design that is mindful of user needs, and responsive building management during commissioning 
and operation as described in Section 2, and consequent outcomes for low energy and user satisfaction as seen in 
Section 3 corroborate arguments (Thomas and Hall 2004) for such factors to remain integral to the design process to 
achieve positive outcomes.   
 
Although the air-conditioned buildings produced somewhat better results than buildings incorporating the passive 
downdraft evaporative cooling systems in the BUS survey, it is important to note that the BUS results of the PDEC 
buildings were also consistently better than international benchmarks and scale mid-points.  Further study is 
anticipated to establish regional benchmarks that would enable comparisons against other buildings in India; however 
the overwhelmingly positive user satisfaction responses of the PDEC blocks coupled with their lower energy 
consumption validate the integration of alternative climate control systems such as evaporative cooling in 
contemporary buildings in India.   
 
 

                                                 
2 Source: 2006 Communication from Dr C Dutt, based on in-house metering and electricity bills. 

3 The “composite” and “hot dry” classifications are based on Bansal and Minke’s classification of climate in “Climatic Zones and 
Rural Housing in India” 
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The findings outlined in this paper show that this building, completed over 10 years ago, continues to satisfy 
expectations for a contemporary workplace of high quality that is simultaneously energy efficient.  While the wider 
implications of the success of climate responsive buildings for the Indian subcontinent where there is currently a large 
scale development of “glass boxes” that are both energy intensive and inappropriate for the climate are discussed in 
a paper by Thomas (2006), the building performance outcomes seen in Torrent certainly reinforce the value of a 
climate responsive approach to building design in any location.  Even in those situations where air-conditioning is 
inevitable, the climate responsive approach via attention to minimising façade heat gains and daylighting coupled 
with a user responsive approach to design, commissioning and ongoing management is a model worth emulating for 
future buildings in order to achieve buildings that are both energy efficient as well as capable of enhancing work 
place quality.   
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ABSTRACT: A recent study tour of tropical resorts in several countries in the Pacific region revealed 
ambivalent attitudes to air-conditioning amongst resort operators. Whilst conscious of detrimental 
implications for the environment, economics and even operational aspects of using mechanical devices 
to provide indoor comfort to visitors, many of them claimed to be driven by market forces that require 
installation of air-conditioners. This study follows an earlier survey of tourists visiting northern Australia, 
which demonstrated significant dissatisfaction with the indoor climate. However, the rationale for a 
year–round fully controlled environment was found questionable when, in the hot and humid weather of 
the tropical summer, almost half of the surveyed tourists did not perceive those conditions as justifying 
the use of air-conditioners. Responses in that visitor survey suggested that tourists’ needs in this 
respect were markedly different from those, which tourist resort developers and operators believed to 
exist. This difference has been confirmed in the current study, where managers were adamant as to the 
need for the air-conditioning despite their units performing reasonably well without it. This paper 
presents the findings of the study and attempts to draw conclusions in regard to perceptions and 
policies influencing design of the tropical resorts. 
 
Conference theme: Building case studies 
Key words: Tourist resorts, tropics, air-conditioning, attitudes 
 
 

INTRODUCTION 
Tourists coming to a tropical resort face problems specific to staying in the tropics. Outdoors, there is humidity and 
heat not found in more temperate climates. The indoor conditions, as they are offered to the tourists, quite regularly 
do not meet their expectations (Bromberek 1999). The problem seems to be with resort design, which more often 
than elsewhere is unsuitable for responding adequately to the specifics of the location or the climate.  
 
The tropics are popularly misinterpreted as “unbearably hot and humid for visitors” type of climate. Generally, it is not 
the case with the dry tropics where relative humidity is low and large diurnal temperature swings provide nightly relief 
during the entire year. In the wet tropics, on the other hand, while humidity is very high for most of the year, heat can 
be a significant problem during only two or three summer months. For example, a computer simulation suggested that 
in Cooktown, the northernmost township in Queensland, temperature would be too high for 1.9 per cent of a year if 
only air moved at speeds of 1.5m/s or higher (Bromberek 1995). This is only 4–5 hours a day during the hottest two or 
three months! Even then, however, tourists tend to stay outdoors and willingly expose themselves to those high 
ambient temperatures, humidity and solar radiation. Places, where tourists prefer to be during the day, for instance on 
the beach or in the rainforest, can display much higher levels of mean radiant temperature or humidity than other 
places at the time.  
 
For this reason and a few others, it can be argued that, with respect to comfort, tourists should be considered a group 
of building users distinctively different from residents. Their perceptions of the climate seem to be influenced by their 
different attitudes. In tourist resorts, this psychological aspect of comfort perception should be emphasised much 
beyond its role in residential buildings. The survey carried out in the summer of 1994 in Cairns, Far North Queensland 
confirmed the author’s belief that a different (psychological) position of tourists in the tropics made most of them see 
conditions there acceptable, and the use of air-conditioners in their accommodation not required. It follows that 
offering indoor conditions further improved by the means of passive climate control would make conditions acceptable 
to an even larger number of guests. Providing indoor conditions that are not much worse than outdoors could be 
sufficient for the vast majority of them. Some of the preferences of tourists visiting the tropics in this respect have 
been investigated on their departure from the region (Bromberek 1999). 
 
Tourists, moving around the world, carry their specific expectations as to the anticipated local conditions. It seems 
that they travel in pursuit of different experiences and quite often are prepared to pay for them with some “discomfort 
allowance”. Their expectations, influencing their preferences, are different from those of residents. The survey results, 
mentioned above, indicated that conditions in most tropical areas would seldom be outside their “acceptable 
discomfort” range. As it seems, most recreational activities take place in “controlled discomfort” conditions (compare 
Baker 1993:7-12). What in most comfort prediction models would constitute a source of dissatisfaction could be, in 
fact, an essential part of pleasure and enjoyment associated with various leisure activities. 
 
The problem is that this different perception of the tropics is not translated into a different indoor climate design 
standard. The current standards have been developed using thermal comfort research results, which reflect a 
relationship created by long-term physiological reactions to external conditions. They, in turn, have proven quite 
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accurate in describing perceptions of local residents, exposed to given conditions for months at a time. All elements 
of the climatic setting are, for them, blended into an entity slowly revolving in annual cycles. Any changes in their 
thermal environment are gradual, consistent and slow enough for necessary adjustments. For travellers, changes are 
rapid and quite dramatic. Visitors differ from residents also in other aspects. Along with the rapidity of change (coming 
from a cold/moderate zone to the tropics is for them a matter of hours rather than days or weeks) goes a specific 
behavioural pattern putting them in two different environments: one for the day and another during the night. Day-time 
activities, as it is usually the case, are spent in open-air spaces, with deliberate and willing exposure to otherwise 
intolerable conditions of high solar irradiation and high temperatures. It is only at night-time, when tourists retire to a 
shelter, that they seek conditions they are comfortable with.  
 
Tourists’ choices about their holiday destinations are considered and deliberate. One could say that they would not go 
to the tropics if they felt uncomfortable about the anticipated heat and high humidity. Many tourists choose to spend 
holidays there in search of the “tropical experience”. While residents commit themselves to their home location and 
cannot easily leave (for various reasons) even though they might not have accepted the tropics, tourists are not 
compelled to stay there. They are able to come and go as they please. Almost all constraints of regular life are 
removed during holidays and tourists can actively participate in creating their own environment—in a broad sense of 
the word. 
 
During a recent tour of several tropical locations in the Pacific, a limited study of tourist resorts was undertaken with 
the aim of establishing the main characteristics of the resort building response to the climate offered by those claiming 
to be “environmentally friendly”. The study of indoor conditions, as reported in this paper, delivered collateral findings 
on the use of, and resort operators’ attitudes towards, air-conditioning. The examined conditions were limited to a 
period, which was believed to be average for the year. The study further focussed on night-time temperatures and 
comparisons with corresponding thermal neutralities and Humidex indices. The night-time temperatures represent the 
environment as that being actually used by the tourists and both thermal neutrality and Humidex index accurately 
describe thermal stress accounting for the approval or otherwise of the conditions experienced. 
 
While this approach clearly had its limitations, it complemented the earlier survey mentioned above and further 
questioned the current position of air-conditioning in tourist resorts. Most units were found performing reasonably well 
without air-conditioning, which dented the established beliefs and delivered an argument against its use on a year-
round basis. Changing this could help alleviate detrimental implications for the environment, economics and even 
operational aspects of using mechanical devices to provide indoor comfort to visitors. 
 
1. HUMAN COMFORT IN THE TROPICS 
Let us describe a full set of favourable conditions as the ‘environmental comfort’. The basic literature of the subject, 
for instance Fanger 1970, Koenigsberger et al. 1973 or ASHRAE 1985, use for this purpose a concept of thermal 
comfort. The thermal comfort is believed to be a dominant problem in tropical climates (Koenigsberger et al. 1973:41). 
It is, however, only a subset of the environmental comfort. For instance, Forwood (1980:150) indicated that  

The basis for the environmental comfort definition could be derived from the well defined concept of thermal 
comfort—usually understood as a condition at which there is no sensation of thermal discomfort from cold, heat, 
excessive skin wetness or dryness, air stuffiness, or air moving at high speeds. 

Moreover, according to Macpherson (1980:13) 
A thermal environment may be said to be ‘comfortable’ when the physiological strain resulting from the imposed 
thermal stress either does not impinge on consciousness, or if any sensation of heat or cold is evoked, this 
sensation is not unpleasant. 

 
Macpherson elaborates further that whether or not any given situation is accepted as thermally comfortable depends 
in part on the environment, and in part on a judgement by the individual exposed to the environment (id.). Also in 
ASHRAE’s description (1985), human thermal comfort is “a state of mind, subjectively assessing current physical 
conditions”. This is a very important statement. It allows for a very special role in thermal comfort to be played by 
psychological factors, such as expectations and preparedness (Szokolay 1985:276–280). These factors, generally 
expressed as attitude, could be the most important for comfort perception among tourists. 
 
The current understanding of thermal comfort evolved from a concept of “universal uniformity” of human comfort, 
present in research on physiology since the 19th century. The latter concept was based on objectively rational 
observation that the human body maintains constant internal temperature of about 37.0°C independently of external 
conditions. To achieve such a thermal balance, the body employs complex thermoregulatory mechanisms. They work 
well and ensure comfort in quite a broad range of conditions. Much broader, in fact, than we tend to assume. For 
instance, Humphreys’ and Auliciems’ reviews of thermal data from around the world indicated a positive correlation of 
preferred indoor temperatures and outdoor climatic conditions. They have introduced a concept of thermal 
neutrality—a temperature at which a subject does not feel either cool or warm. It can, to some extent, represent 
thermal comfort conditions. Humphreys found a statistically meaningful relationship between the thermal neutrality Tn 
and mean monthly temperature of ambient air (Humphreys 1978:4). Data, on which his linear regression was based, 
were later revised and supplemented by Auliciems, which led to a subsequent revision of Humphreys’ equation 
(Auliciems 1981:76–80). A similar result was obtained in Pakistan by Nicol (1995:3-7): 
 

Tn = 17.0 + 0.38 To        (1) 
 
where To is outdoor monthly mean temperature. The range of application is from 10° to 30°C. 
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Even the Nicol’s equation, which was based on data from predominantly hot climates (the Humphreys’ and Auliciems’ 
equations were based on data from most climatic zones around the world, including the sub-polar), does not seem 
appropriate for use in predictions of comfort among tropical tourists. The reason is that their results are based on 
research on residents. The equations do not take activity levels into account and assumptions concerning behavioural 
adjustments are just inadequate. Furthermore, an important role played by psychological factors, such as climatic 
adaptation based on one’s expectations (Auliciems 1983 and de Dear 1994), has not been accounted for. Most 
importantly, the equations require monthly mean temperature as input while the average length of tourist visits to the 
tropics is no more than a few days (Bromberek 1999). 
 
An interesting thermal stress indicator, the Humidex was proposed in 1979 by Masterton and Richardson (Lewis 
1993:541ff.) to combine effects of temperature and humidity during the so called “heat waves” in Canada (Table 1). A 
heat wave is defined by Canada’s Atmospheric Environment Service as a period of three or more days with a 
maximum temperature greater than or equal to 29.5°C and a mean temperature of at least 24°C (Lewis 1993:545).  
 
 

Table 1: Human response to a range of Humidex values 
Range of Humidex values Degree of comfort/discomfort 

20–29 comfortable 
30–39 varying degrees of discomfort 
40–45 almost everyone uncomfortable 

46 or higher many types of activities must be restricted 
Source: P.J. Lewis Defining and measuring the intensity of heat waves - 

incorporation of the humidity factor (1993) 
 
After a high correlation has been found between mean dry bulb temperature (DBT) and mean Humidex, the 
regression equation was suggested to base the indicator on temperature only (Lewis 1993:545): 
 

Humidexmean = 1.13 DBTmean + 2.91      (2) 
 
There is some merit in applying Humidex or other similar index to measure thermal stress in tourists. For a visitor to 
the tropics, local conditions are a sudden increase in temperature and humidity—exactly the same way as a heat 
wave at home would have been. Masterton and Richardson suggested that Humidex gives satisfactory indication of 
the degree of human discomfort likely to be encountered in given conditions. This is not to imply that Humidex allows 
for prediction of heat stress from temperature means alone. Nevertheless, it displays opportunities unlocked by this 
method. It will be used below, together with the Nicol’s comfort equation (1), to describe and assess indoor 
environment of the studied resorts. 
 
2. INDOOR CONDITIONS IN THE VISITED RESORTS 
Fifteen tropical resorts in four tropical countries were visited between 20 November and 16 December 2005. The 
period was a transitional “between the seasons” time, when temperatures usually are close to annual averages (Table 
2). In fact, in all but one location annual minima were lower than the minimum observed temperatures and annual 
maxima were higher only in Mexican locations. The timing of the visits corresponded with “early summer” in the 
southern hemisphere and “early winter” in the northern. Precipitation is the main indicator of the seasonal change in 
the tropics even if frequency and intensity of the rainfall is more often determined by the specifics of the location, for 
instance its topography. Precipitation directly influences relative humidity (RH) but readings of RH taken during the 
study tour were consistently very high even if significant rainfall was noted only in some Fiji and Cook Islands 
locations. 
 
 

Table 2: Comparison of climatic annual averages with temperatures indoors and outdoors, 
corresponding Humidex indices and comfort ranges in the studied locations 

Resort location Air-cond Minimum temperature [degC] Maximum temperature [degC] Humidex Thermal
 availability Average(a) Inside Outside Difference Average(a) Inside Outside Difference index(b) neutrality(c)

Vanua Levu, Fiji Yes 21.61 26.4 26.1 +0.3 27.91 29.1 31.1 –2.0 34.3 26.4 
Naigani, Fiji No 22.42 25.9 23.5 +2.4 29.02 34.9 33.0 +1.9 37.3 26.9 
Rarotonga 1, Cook Islands No 21.93 25.9 25.6 +0.3 26.33 30.0 30.9 –0.9 34.5 26.2 
Rarotonga 2, Cook Islands Yes 21.93 25.9 23.9 +2.0 26.33 29.4 29.6 –0.2 34.2 26.2 
Aitutaki, Cook Islands No 22.14 27.4 26.9 +0.5 28.84 34.5 32.6 +1.9 37.9 26.8 
Moorea, French Polynesia Yes 21.05 27.4 26.1 +1.3 30.75 32.0 32.3 –0.3 36.5 26.9 
Bora Bora, French Polynesia Yes 23.46 28.9 27.4 +1.5 29.06 30.9 33.6 –2.7 36.7 27.0 
Tulúm, Mexico No 20.97 21.3 18.9 +2.4 30.97 27.6 28.0 –0.4 30.5 26.0 
Bahía Permejo, Mexico No 21.98 24.6 22.9 +1.7 30.58 27.4 26.4 +1.0 32.3 25.9 
Rio Indio, Mexico No 21.98 24.6 24.3 +0.3 30.58 27.4 26.6 +0.8 32.3 25.9 
Chichén Itzá, Mexico Yes 19.39 26.0 23.9 +2.1 32.59 30.1 29.9 +0.2 34.6 25.6 

Average for 11 resorts 21.7 25.8 24.5 +1.3 29.3 30.3 30.4 –0.1 34.6 26.4 
(a)Annual average minimum/maximum temperature at a meteorological station nearest to the resort: 1-Savusavu, 2-Nausori, 3-
Avarua, 4-Ootu, 5-Papeete, 6-Motu Mute, 7-Tulúm, 8-Chetumal, 9-Dzitas 
(b)Humidex index calculated for the observed indoor air temperatures 
(c)Determined with the Nicol’s equation; result in this column ±2deg gives 80 percentile acceptability (compare Auliciems and 
Szokolay 1997:46), compare it with the observed night-time (minimum) air temperatures indoors  
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The resorts studied had been selected because of their claims to the environmental friendliness. Their locations also 
represented a fairly typical selection of tourist destinations in the tropics, with all but one resort built directly on the 
beach. The claims were investigated, various design features were photographed and/or described, operational data 
were collected, managing staff were interviewed and air temperature readings were taken, both inside and outside the 
allocated unit, over 24-hour periods together with relative humidity readings indoors. Four of the visited resorts were 
found to be no different from other resorts in the area and to have no basis for the eco-friendly status. Subsequently, 
they were discarded from the sample. 
 
A digital thermometer/hygrometer with memory was used in assessment of thermal conditions found during the visits. 
The use of device memory allowed recording the highest and the lowest temperatures as well as the highest and the 
lowest relative humidity during the diurnal cycle of the visit. The indoor temperature and RH readings were taken at 
the bedside at bed mattress height (approximately 0.5m above the floor). If there was air-conditioning and/or fan in 
the unit, they remained switched off during the entire period. All windows fitted with flyscreens, on the other hand, 
remained open during the night. External temperatures were measured directly outside the allocated unit. Attempts 
were made to find a spot shaded during the entire day. The temperature readings are presented in Table 2 (RH 
readings were over 95%, at least at some point in time during the night, in all locations). 
 
A half of the visited resorts had mechanical air-conditioning (AC) in guest accommodation offered as an option. 
Despite their environmental claims, managers in nearly all resorts were willing to provide air-conditioners as they felt 
“compelled by their markets” to do so. Furthermore, in all resorts that offered AC, room service was instructed to 
ensure that the air-conditioner was switched on. 
 
All the managers admitted in their interviews that the cost of providing AC was very high. Nevertheless, AC has not 
been seen as a factor impacting on the environment. The ‘eco-resort’ status was seen achievable by controlling 
tourist impacts, using natural building materials or blending their resorts, as a business endeavour, with the local 
community. Impacts from resort’s operations, including noise and pollution generated by a power plant, have seldom 
been perceived as part of the “eco-friendly package”. Even less so were the environmental costs of running supplies, 
for instance fuel. It is worth to note that fuel-free power generators, due to their unreliable nature, are usually 
supported by back-up diesel generators even in eco-friendly resorts. 
 
3. DISCUSSION OF THE FINDINGS 
Not a single resort amongst the visited was designed to utilise passive means of climate control. Features coming 
from vernacular architecture, which were replicated in their designs, often seemed superficial and dishonest. Such 
was a thatch covering metal decking on the roof to give it a traditional hut appearance or a roof monitor—blocked to 
seal the interior for effective air-conditioning. And yet, the indoor climate was in nearly all instances remarkably 
comfortable. 
 
Minimum (i.e. night-time) indoor temperatures recorded were always higher than the corresponding temperatures 
outdoors. This effect of building mass was most evident in heavy-weight structures of Rarotonga 2, Tulúm, Bahía 
Permejo and Chichén Itzá resorts. Even these higher indoor temperatures were within the comfort range determined 
by the thermal neutrality equation (1). In the only resort where night-time temperature was outside the range, it was 
actually lower than the ones called for by the equation (Table 2). 
 
The author’s own perceptions were in line with predictions arrived at with the Humidex index. Mild discomfort was felt 
in conditions resulting in Humidex values of 36.5 or more (three resorts out of the eleven surveyed). However, the 
perceptions have been based on conditions achieved with no air-conditioning or fan working in the unit. Cross 
ventilation was not always possible, either. It is easy to imagine that the conditions would be greatly improved if only a 
slight air movement was induced. 
 
Most resorts relied on cross ventilation, cathedral ceilings and, in a few instances, shading to create comfortable 
indoor conditions. This did not seem a deliberate part of some “grand plan” to utilise passive design features. Instead, 
it was more like an accidental result of pursuing a romantic image that some of these resorts wished to invoke by 
reference to the vernacular. “Tourists coming to my resort come here for a dream and I’m selling them that dream” as 
one of the resort owners put it. Lack of understanding of comfort perception in the tropical climates was also evident. 
When one of the managers agreed to a small experiment involving raising a temperature in his air-conditioned office 
by three degrees (to a level suggested by the Nicol’s equation), he was genuinely surprised how cool it felt after only 
a brief walk outside. His experience, on which he was basing his decisions about temperature setting for AC in guest 
units, was derived from working in the office all day long. 
 
Findings from the earlier research suggested that the passive climate control should involve specific requirements of 
the users. It should also exploit the identified differences between the tourists, who are only temporary visitors to the 
tropics, and the residents. Many traditionally indoor activities can also be moved outdoors, this way reducing possible 
discomfort. Results from the 1994 survey into tourist preferences indirectly indicated that most tourists are satisfied 
when the indoor climate does not differ significantly from the outdoor conditions. Such an outcome is achievable 
without the use of air-conditioning. One might even think that a combined effect of all passive means, which can be 
used, would ensure conditions that are actually better than out in the open. Improvements can be relatively easily 
accomplished in areas of mean radiant temperature, air movement, light and sound levels. Before mechanical control 
systems had even been invented, environmental comfort was achieved by passive means supported  by  adjustment  
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of  behaviour  to particular   conditions. There  are  still in  place a  number  of  vernacular solutions working in tropical 
regions around the world with remarkable efficiency. Without doubt, at least some of these solutions can be adopted 
in tourist resort designs, emphasising their regionality and lowering their energy demand at the same time. 
 
The quoted 1994 opinion survey revealed that needs of tourists in respect to the indoor environment have not been 
adequately addressed. The survey results, set against a tropical summer background, challenged popular 
perceptions and opinions about the tropics. When compared with conclusions derived from the computer simulations 
(Bromberek 1995), the results cleared the way for relaxing the indoor climate requirements based on a different type 
of use and a different group of users. It was also apparent that many tourists were prepared to “trade–off” their 
comfort for the benefit to the environment. The current research strengthened this earlier survey’s conclusion in that 
relative comfort is achievable in the tropics without the help from mechanical devices. The night-time conditions in all 
studied resorts fell into the comfort range determined with the Nicol’s equation. In all the resorts some degree of 
discomfort was predicted with the Humidex index; average score of 34.6 indicates that the discomfort would only be 
mild for most tourists and, allowing for their attitudes, could be acceptable to them during the short-term visit. 
 
CONCLUSIONS 
The way most developers and designers see comfort in the tropics, generally does not correspond with the real visitor 
requirements. The current design standards expect buildings to cope with day–night averages, with emphasis on the 
day-time performance. And yet, resorts are different from dwellings or offices in their indoor climate requirements. 
Day-time conditions have only a minor importance as resort guests are encouraged in many ways to spend most of 
the day outdoors and so they usually do. The design recommendations should offer solutions focussed on night 
conditions to suit resort character. Both the current and earlier research by the author indicate that human comfort in 
tourists requires different metrics. These new guidelines should embrace specificity of sudden short-term change of 
conditions, behavioural differences from residents and different attitudes to make them relevant in resort design. 
 
The study of the several different resorts in various tropical locations investigated a selection of designs, randomised 
from the “environmental response by design” point of view. It appears that reaching to the vocabulary of the 
vernacular does not mean that developers fully understand the role of all the features or benefits of using them in their 
modern adaptations. Certain features, having an obvious and large impact on the indoor environment, such as roof 
monitors, thick insulation in the roof, effective cross-ventilation or high ceilings, were often introduced by incident. 
Sometimes they were an effect of copying fashionably traditional forms and sometimes only because of using local 
labour, who did not know any other way, in the construction process. Some of these highly effective elements often 
have been subsequently removed from the comfort equation by sealing the indoor environment in order to have 
effective air-conditioning. The end result was a haphazard mixture of passive design features playing their original 
role by incident or reduced to mere ornaments. The study results indicate that many of these “incidental creations” 
cope well with the tropical climate in its night-time part. Many apparent errors could not render the resultant indoor 
conditions unacceptable, at least not over brief periods of time. There could be spells of extremely hot weather when 
the conditions are much worse but then the resort could respond to them as it would to any other disastrous event, 
treating them as an exception rather than a rule. 
 
The study did not find justification for air-conditioning in tropical resorts laying claim to “environmental friendliness”. To 
begin with, the indoor conditions during the night i.e. the time when units are actually used by tourists, corresponding 
with average tropical weather outside, seldom are uncomfortable enough to require a mechanical device to modify 
them. Running air-conditioning in a typical resort location is expensive, both economically and also in the 
environmental sense of the word. Fuel-powered systems generate noise and pollution, and fuel supply (to remote 
locations in particular) carries an inherent danger of fuel spills and other environmental hazards. Moreover, numerous 
examples from vernacular architecture have delivered sufficient proof that comfort in the tropics is achievable with 
passive measures only. Finally, tourists can adjust their behaviour and reduce any perceived discomfort; ultimately, 
they can leave the resort at short notice. It is a low price in comparison to being “environmentally- friendly”. 
 
There is a widespread belief among researchers that passive climate control solutions are economically and 
environmentally justified alternatives to mechanical systems, also in the tropics. It seems that biases against tropical 
conditions could have been built upon experiences derived merely from the use of resorts built to a wrong design. The 
current study delivered further proof that indoor conditions in the tropics can fall well within the comfort range—without 
mechanical support. Passive climate control at tourist resorts in fragile ecosystems of the tropics is imperative from 
the environment protection point of view. However, replacing mechanical air-conditioning with good climate–
responsive design is for architectural professionals also an ethical issue. It is architects’ moral obligation “[to] build the 
shelter in such a way as to bring out the best of the natural possibilities” as brothers Olgyay stated as early as in 
1957.  
 
Finally, it seems worthwhile to repeat that there is probably nothing showing more variety and difference than 
individual preferences. On the other hand, there is probably nothing more prone to generalisation than such 
preferences. Apparently, it is not desirable to design for an ‘ideal environment’. It is more appropriate to limit 
extremes, devise simple and visible relationship to the ambient climate and provide some means for occupants to 
control conditions in their ‘personal environments’. The indoor climate should respond to the human need for variety 
rather than to opt for satisfying some sort of uniform and unanimously acceptable conditions. Getting rid of air-
conditioning from tropical resorts is not only possible. It could also be better for the environment and more economical 
for the operators. It could also be more satisfying for the tourists. 
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ABSTRACT: Aiming to minimize fossil fuel use and environmental impacts caused by buildings, 
thermal design is one of the most effective approaches to achieve ecological architecture. For any 
given region, building designs have to follow the principles of ecological architecture. In this context, 
under the poor conditions of China’s Loess Plateau region, the limitation in the budget and resources 
for construction is the main challenge faced by ecological design.  The study presented in this paper 
employs a methodology based on computer simulation and analyses. Based on locally available 
building elements and technology the paper carries out a series of alternative techniques and feasible 
thermal design strategies for this region, aiming to reach the most effective ecological approach. The 
relationship between the cost increase and improvement on the building thermal performance resulting 
from each technique is presented, so as to assist locals to design and construct the feasible ecological 
buildings according to their individual situations in economy, resources, functions and site conditions. 
This illustrates an inspiring way towards an ecological architecture suitable for China’s Loess Plateau 
region. 
 
Conference theme: The indicator of sustainable building 
Keywords: ecological architecture, thermal design, experimental simulation, TAS, China’s Loess 
Plateau 
 
 

INTRODUCTION 
In terms of considerable environmental and social issues caused by fossil fuel use (Houghton and Intergovernmental 
Panel on Climate Change. Working Group I. 2001), it is necessary and imperative to minimize human dependence on 
fossil fuels, such as coal, oil and gas. Buildings play a vital role in solving these issues, since they are a significant 
fossil fuel consumer and thus producer of environmental impacts. (E Iain et al. 1996)  This can be addressed by 
adopting a holistic approach towards ecological architecture. (Vale & Vale 2000) In current buildings, energy needed 
for thermal requirements, i.e. heating and cooling, is one of the biggest sources of fossil fuel consumption. (D&R 
2005; Steven and Peter 1998)  Accordingly, aiming to minimize fossil fuel use and environmental impacts caused by 
buildings, thermal design is one of the most effective ways to achieve ecological architecture. In addition to the basic 
strategies in the conventional way, thermal design has to follow the principles of ecological design, which for any 
given region need to be conditioned to the local situation so as to achieve the most effective ecological approach. 
 
With this background, the paper focuses on the Loess Plateau region, which is located in north-western China. 
(Figure 1) It is characterized by the largest deposit of loess of the world, environmental degradation and low levels of 
economy, resources and technology for building. Under such poor conditions, the feasibility limited by budget and 
conventional resources for construction is the main challenge faced in the ecological design and construction of local 
buildings. In this context, based on the ecologically theoretical strategies and principles concluded from analyses of 
local conditions, and through computer thermal simulation studies with TAS (EDSL) this paper carries out a series 
feasible thermal design strategies for this region so as to reach the most effective ecological approach. It illustrates a 
feasible thermal design for a suitable ecological architecture for China’s Loess Plateau. 
 
1. METHODOLOGY 
The methodology of the study is based on the condition analysis and computer simulation experiments, and consists 
of three steps. Since the thermal design study here is aimed at determining suitable ecological architecture, it first 
needs to outline what the suitable ecological architecture for the Loess Plateau region would be, and to highlight the 
principles which ecologically thermal design should follow. Therefore, in the first step the current conditions of Loess 
Plateau are studied. According to the analysis of local conditions and relevant literature, a series of theoretical 
strategies and principles of ecologically thermal design for local buildings are concluded. 
 
In the second step, thermal simulation with software TAS is employed in the thermal design study for a prototype, a 
classroom designed in Xifeng, which is a representative region on the Loess Plateau. Based on the theoretical 
strategies and principles already concluded, locally available building elements and technology are filtered and 
optimized thermally in the simulation experiments, aiming to provide sustainable, effective and feasible solutions for 
ecologically thermal design. Accordingly, the simulation study carries out a series of feasible techniques, which can 
effectively improve thermal performance of the building with a maximum approach to sustainability and practical 
feasibility.  
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Finally, according to thermal performances and cost efficiencies of these techniques, the thermal design strategies 
towards suitable ecological architecture for the Loess Plateau areas could be concluded. 
 
2. DEFINING THE LOCAL SUITABLE ECOLOGICAL ARCHITECTURE 
In order to define the suitable ecological architecture for the Loess Plateau region so as to highlight theoretical 
strategies and principles that ecologically thermal design for local buildings needs to follow, three aspects of local 
conditions, which generally influence building design, are studied, including the economy and resource for building, 
climate, and vernacular architecture.  
 
The Loess Plateau region is one of the poorest parts of China. In the rural areas in particular, the mean per capital 
annual net income is as low as 228USD. (China. Gu ding zi chan tou zi tong ji si. 2004) However, the local 
construction generally has a comparatively higher cost than that in other parts of China due to the lack of 
conventional resources for building. Under such poor conditions, in order to approach a feasible ecological 
architecture, alternative technology for building needs to be considered in this region. In comparison to conventional 
building technology, alternative technology emphasizes minimum use of non-renewable resources, minimum 
environmental impacts and regional or sub-regional self-sufficiency in material and technology. (Dickson 1974) It is 
evident that the strategy of alternative technology is helpful not only to realize the maximum ecological approach, but 
also to enhance cost efficiency and feasibility for construction. In view of this, ecological design for local buildings has 
to reach high cost efficiency by utilizing local technology and locally available materials. 
 
In terms of the local climate, the Loess Plateau region has a cold winter and comparatively moderate summer. Taking 
Xifeng as an example, the mean monthly air temperature in winter is as cold as -8.8°C. In summer it is below 25°C 
averagely. It has large temperature swings not only seasonally but also daily. (Figure 2) It is noted that fossil fuel 
consumed in existing buildings is mainly for heating in winter. Correspondingly, the thermal performance of buildings 
in winter needs to be emphasized by thermal design. According to the basic thermal design strategies (Baruch 1998), 
fossil fuel consumption for heating in winter could be reduced by two means, minimizing heat loss and utilizing 
natural energy. To be detailed, thermal performance of the building could be upgraded by including insulation & 
thermal mass, natural ventilation systems with heat exchanger and passive solar systems. 
 
From the study of existing local buildings, it is found that there are some useful ecological elements embodied in the 
local vernacular architecture. These are characterized by earth-based dwellings, which can be classified into hill-side 
caves, sunken caves and earth-vaulted houses. (Figure 3) According to field investigation and measurement, it is 
found that compared to conventional buildings, the earth-based dwelling has desirable thermal performance and is 
environmental friendly. Furthermore, it is far cheaper and can be easily constructed by locals. In winter the hill-side 
cave, for instance, only needs 10% of fuels for heating in conventional buildings due to its more stabilized and 
warmer indoor thermal ambience. However, its construction cost is only around 20% of the former since relying on 
simple techniques even occupants can build it by themselves with raw materials. These advantages result from the 
local building technology based on earth materials and natural products, such as adobe, rammed earth, straw etc.  
Particularly, in comparison to conventional building materials such as fired bricks and concrete, the earth-based 
material has outstanding advantages in thermal property, environmental performance and cost efficiency. Therefore, 
the local earth-based technology is worth including in the study of ecological architecture. According to literature 
(Louis 1983), it can be utilized in the form of the building envelope based on earth and natural products (straw, reed, 
timber, etc), and use of the ground temperature effect, such as underground or half-buried buildings, earth-air-tunnels, 
etc. 
 

          
                                                                             

Figure 1: Location of Xifeng and the Loess Plateau region (left) 
Figure 2: Hourly and monthly air temperatures in Xifeng (right, source: MeteoNorm V5.0) 

 
It can be said that these theoretical strategies concluded from the study of the three aspects can give and outline of 
what suitable ecological architecture would be. It can be summarized by the hypothesis that earth-material-based 
buildings combined with passive heating and cooling systems utilizing natural energy and alternative technology 
could achieve an optimal thermal performance with minimum fossil fuel use and environmental impacts. In this 
process, ecological thermal design needs to follow the principles of comfortable indoor temperature, cost-
effectiveness, minimum embodied energy in the building and ease of construction. 
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Figure 3: Hill-side cave (left), sunken cave (middle, Source: CISEA 1986) and earth-vaulted houses (right) 
 
3. THERMAL STUDY BY SIMULATION EXPERIMENT 
 
3.1 Prototype Selection for Thermal Simulation Study 
Before the thermal simulation step, the prototype for the study needs to be determined first. In this study, a classroom 
in a real project is employed as the prototype and the basic model for all simulation series. It will be built in Maosi 
village near Xifeng city.  
 
The reason why a classroom is selected as the prototype is that compared to local conventional dwellings, the 
classroom generally has more complex thermal and technical challenges faced by thermal design, such as larger 
space dimensions, bigger internal volume to be operated and higher level of requirements for indoor ventilation. If 
these challenges are resolved, the relevant experiences would be significant for most types of conventional buildings. 
 
The school in which the classroom will be built is on several levels of terraces, surrounded by hills from the northwest 
to east, and opening to the south. In the primary design, 12 classrooms of the school are planed into 6 units at two 
different levels, facing the south and spreading along the west-east contour lines. Each classroom needs to be 
accommodated by at least 40 students. According to local codes, the classroom will be around 54m2-floor area (6×
9m on plan) and appropriately 3.2m-heigh. This classroom together with its dimensions and surrounding environment 
will act as the basic model for the coming simulation experiments. (Figure 4) 
 

 
 

Figure 4: Site plan of the campus (classrooms) 
 

3.2 Model Setup of Experiment Series and Analysis 
Based on principles and theoretical thermal design strategies as concluded, the simulation study aims to improve the 
designed classroom in thermal performance with a maximum ecological approach, by filtering and optimizing locally 
available natural materials, building technology and their incorporations in the classroom design. 
 
In the study, the software TAS is used for thermal simulation. By comparison of measured data with the simulated 
result for a local existing classroom, it is validated that by imputing relational component parameters and weather 
data (Figure 5), the software can basically predict dynamic indoor temperatures in the simulated building models as 
set up.  
 
After validation, a series of simulation experiments are set up in two phases to study and verify available technical 
possibilities of improving thermal performance of the classroom. In the process, the hourly climatic data in Typical 
Meteorological Year (TMY) in 1995 obtained from the program, MeteoNorm V5.0 by METEOTEST, are employed. In 
terms of the local cold winter and moderate summer, the winter environment (the coldest two weeks in January) is 
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the focus for all simulation series. The indoor air temperature is emphasized to assess the building thermal 
performance.  
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 Figure 5: Software validation 
 
In the study, the software TAS is used for thermal simulation. By comparison of measured data with the simulated 
result for a local existing classroom, it is validated that by imputing relational component parameters and weather 
data (Figure 5), the software can basically predict dynamic indoor temperatures in the simulated building models as 
set up.  
 
After validation, a series of simulation experiments are set up in two phases to study and verify available technical 
possibilities of improving thermal performance of the classroom. In the process, the hourly climatic data in Typical 
Meteorological Year (TMY) in 1995 obtained from the program, MeteoNorm V5.0 by METEOTEST, are employed. In 
terms of the local cold winter and moderate summer, the winter environment (the coldest two weeks in January) is 
the focus for all simulation series. The indoor air temperature is emphasized to assess the building thermal 
performance.  
 
The two phases of the simulation experiments are illustrated in Figure 6. In the first phase, according to the two basic 
strategies of thermal design, i.e. minimizing heat loss and utilizing natural energy, the simulation experiments are 
grouped in three parts: thermal mass & insulation, passive solar system and natural ventilation system with heat 
exchanger. Among them, based on the basic classroom model locally available materials, building elements and their 
incorporations get filtered and optimized thermally by simulation, to reach high thermal performance and cost 
efficiency. 

 

Wall

 
 

Figure 6: The experimental series of thermal simulation  
 
For thermal mass and insulation, locally available materials are examined for the building envelope in the form of 
wall, roof and glazing. It is found that local earth-based materials and natural products are optimal options for 
respectively thermal mass and insulation. With a small cost increase and less embodied energy, heat loss through 
the building fabric can be greatly reduced by employing natural thermal mass and insulation, such as the thick adobe 
wall and adding a straw layer on the local conventional pitched roof. To maximize utilization of solar energy for 
heating, a series of conventional passive solar systems are tested in terms of solar collector’s positions of the 
southern wall and roof. After optimizing their components and spatial elements, it is noted that the sunspace and roof 
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sunspace (the local pitched roof with a suspended ceiling straw-based-insulated, and with the southern sloping side 
glazed) can effectively increase indoor air temperature of the classroom, for they function as not only a solar heater 
but also a thermal buffer.  
 
In addition, to reach a healthy indoor air quality for 40 students, according to ASHRAE Standard (ASHRAE 2004), an 
air exchange rate of at least 3.5L/s is needed. In order to minimize heat loss by such much ventilation, the natural 
ventilation system with heat exchanger is studied. It is noted that the passive solar system modified in air circulation 
mode may pre-warm or sometimes even heat fresh air from outside. Due to the terraces in the school site, the dug 
tunnel with 2.8-m-depth and 1.2m thick sheltered-earth is available to attach the north side of the classroom. By 
studying the relevant tunnel elements, such as length, section area, air flow rate, etc., the optimized earth-air-
exchange tunnel can effectively moderate fresh air passing through it. From the experiments, it is found that by 
incorporation with the chimney; comparatively the earth-air-exchange tunnel could be the most effective and steady 
heat exchanger to greatly reduce indoor heat loss by ventilation. In addition, except on overcast days, only powered 
by a small fan the roof sunspace also has the potential to perform as a heater especially after noon, so as to further 
enhance the indoor temperature.  
 
In the second phase, in order to optimize their incorporated thermal performance and then thermally improve the 
classroom design, the techniques obtained from the last phase are incorporated in forms of several incorporated 
system models. Based on thermal mass and insulation, extra components, such as a Trombe wall, sunspace and 
tunnels, are incorporated in several ways with different internal air circulation (Figure 7). In operation, occupants can 
control the indoor thermal ambience only by adjusting relevant components, such as the tunnel door and fan speed. It 
is found that through this incorporated system for most of the heating season, the indoor thermal environment of the 
classroom may achieve a desirable comfort level without any extra fossil fuel consumption.  
 
As a result, through the two phases of simulation, based on earth-based materials and natural products, the study 
carries out a series of feasible techniques which can effectively upgrade the thermal performance of the classroom. 
According to their construction means and costs, they are grouped into three aspects: thermal mass and insulation; 
extra components and incorporated system. (Some of them are shown in Figure 7) 

 

           
 

Figure 7: Incorporated system models as optimized  

 
4. THERMAL PERFORMANCE PREDICTION 
To further predict the thermal performance and cost effectiveness of each optimized technical option, simulation is 
extended for the whole heating season (Mid Nov to Mid Feb) based on the classroom model. Three cases of the 
ventilation modes are simulated. The first one is ventilated at 3.5L/s (6.1 ACH) and occupied by 40 students. The 
second is only ventilated and the last one is simulated only by infiltration without any occupant. The first and the last 
one can basically illustrate the thermal effects of these techniques on two types of buildings respectively, including 
those being able to fulfil and those not being able to fulfil the ventilation requirement. The sky condition is taken into 
consideration. According to the local weather record, during the heating season, fine, cloudy and overcast days 
account for 25%, 37% and 38% respectively. Based on the setup above, these techniques are gradually employed in 
the basic classroom model and simulation.  
 
By simulation, the mean of the daily operation indoor temperatures during the heating season can be obtained from 
each simulation case. To compare with the thermal performance in the conventional classroom, the differences of the 
indoor temperature between each simulation case and conventional case are sorted out and generate in Figure 8. In 
this figure, the absolute indoor temperatures of the conventional classroom acting as the base line are shown by the 
black solid line in Y axis. The colour lines marked with letters illustrate the increase in indoor temperature resulting 
from the employed techniques. Meanwhile, based on the local experiences and observations, the lowest acceptable 
air temperature for local villagers in this season is taken as 4.3�. Compared with the temperature in the conventional 
classroom, the difference in the lowest acceptable temperature is marked with black dotted line. 
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Figure 8: Comparison of the thermal contributions from the developed 
techniques, based on mean indoor temperatures in different sky conditions 

 
From the figure, it is evident that in both ventilated and non ventilated cases, during fine and cloudy days, the indoor 
thermal environment may reach the lowest acceptable level only by employing thermal mass and insulation, as the 
blue line showing. On overcast days the indoor temperature is still colder than the acceptable range. However, in 
addition to thermal mass and insulation, the employment of ‘extra components’ can make the indoor temperature 
higher than the acceptable level. For example, for the ventilated case, as the green line showing simply by adding the 
earth-air tunnels, an acceptable indoor temperature can be obtained, and the indoor temperature is much higher than 
the lowest acceptable level. The sunspace can also bring a similar effect to the un-ventilated classroom. If replace 
the extra components with the incorporated system, the thermal performance of the classroom in any case could be 
greatly improved to a desirable level.  
 
To further illustrate the relationship between the cost increase and improvement of building thermal performance 
resulting from each technique, Figure 9 is generated based on the mean indoor temperature during the whole heating 
season. The Y axis shows the indoor temperature increase compared to the conventional classroom. The X axis is 
the increase in total construction cost. The grey curve is for the ventilated and occupied case, the dot one for only 
ventilated case, and the solid curve for the infiltration case.  
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Figure 9: Relationship between construction cost and thermal performance of the developed techniques  
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From the figure, it is obvious that thermal performances resulting from the adoption of these techniques are 
proportional to their construction costs. Meanwhile, the most basic technique, such as earth-based thermal mass and 
insulation, tunnels, are most effective in both cost and thermal performance. They may increase the mean indoor 
temperature in both the ventilated building and the building only with infiltration to the level near or even higher than 
the acceptable range. Beyond that, further improvement of the thermal performance would cost much more and be 
less effective, though the more advanced incorporated system can give a better thermal performance. 
 
CONCLUSION 
Since in the above thermal prediction the two simulated cases with ventilation and only with infiltration can illustrate 
the types of buildings classified with different ventilation requirements, the following ecological thermal design 
strategies can be concluded according to the performances of these optimized techniques in thermal effect and cost-
efficiency.  
 
For most types of buildings in the Loess Plateau region, thermal mass and insulation are necessary, and they are the 
most effective way to improve the thermal performance of buildings; For buildings requiring low ventilation rates, such 
as dwellings and offices, thermal mass and insulation could result in an acceptable thermal comfort level for most of 
the heating season, without any fossil fuel consumed for heating; For buildings that require high ventilation rate, such 
as classrooms, in addition to thermal mass and insulation, the earth-air-exchange tunnel is also highly recommended, 
since it can significantly improve the indoor thermal environment to a comfortable level with only a small increase in 
budget. However, to meet a higher thermal performance, the incorporations of passive solar system is also 
appreciable in spite of its higher construction cost, and hence could be selectively employed.  
 
Based on this strategy and relevant optimized techniques for thermal design, in practice local builders may use 
Figure 7 and 8 as references, and selectively employ some of them according to their individual situations in 
economy, resources, functions and site conditions, so as to achieve their most effective ecological approach. In this 
case, the indoor comfort could be achieved with minimum fossil fuel consumption and expenditure for heating. 
Moreover, most materials recommended in these strategies are based on earth and natural products, and hence not 
only have much lower embodied energy than conventional materials, but also are affordable to most local villagers. 
Meanwhile, since these techniques are derived from local vernacular or conventional architecture, they could be 
manipulated easily by local builders or even inhabitants. Therefore, it can be concluded that depending on these 
optimized techniques and strategies, the developed architecture would be economical with desirable sustainability 
and constructional ease, and hence feasible and suitable for the conditions in Xifeng areas and even the whole Loess 
Plateau region. 
 
However some other considerations still need to be addressed in future studies, such as thermal performance in 
summer, further detailed techniques in practice and feasibility in other types of buildings. After all, the developed 
strategies of ecologically thermal design from the study still illustrate an inspiring way towards ecological architecture 
suitable for Loess Plateau areas of China, and worth further developing. More importantly, though the study focuses 
only on the severe climate zone, the methodology based on condition analyses and simulation experiments is also 
significant for the tropical region with similar conditions. 
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ABSTRACT: Contemporary architecture of non-domestic buildings in Venezuela has introduced 
inappropriate design and technology criteria for the warm-humid climate because of the ineffective 
regulations. As a result these buildings are responsible for high energy use and high costs. 
 
These results represent a first exploration for developing a method to evaluate the envelope design 
strategies for commercial buildings. It is based on a comparative study of several techniques in west 
façades, to evaluate the effect of the selection of opaque and translucent components on the cooling 
loads of the air conditioning system and electric lighting. The aim is to provide a method to compare 
diverse strategies in the design of the facade, specifying its advantages and relative defects in relation 
to the energy efficiency, and also to relate that to environmental impact and the cost of construction 
and operation. The façade design strategies are supported by the literature and by ad-hoc simulations, 
for the latitude of Venezuela. In facades, the total translucent surface area and the orientation influence 
the increase of the cooling loads of the air conditioning system. In west facades, for the same area of 
windows, a greater increase of cooling load is observed. A decrease in the cooling load, in a warm-
humid climate, is a result of using windows or curtain walls with spectrally selective glass of low solar 
gain. Nevertheless, traditional solutions, such as external shading, balconies and vegetation in 
windows, have a significant effect in reducing cooling energy; for they are the most energy efficient and 
economic design strategies. 
 
Conference theme: Building Energy 
Keywords: Façade, Sustainable Design, Energy, Warm-humid climate 
 
 

INTRODUCTION 
Venezuela is located at the north of South America, between 1° and 13 ° north latitude, with a population of about 25 
million people. It is a tropical country, and has four climatic sub-zones, as a result of the topography, the presence of 
coasts, mountains and forest. In general the climate is classified as warm-humid with the following characteristics: 
there are high solar radiations the whole year; there are only 2 seasons; rainy and dry, high relative humidity (around 
75%), moderate average annual temperature and small temperature difference day/night (approximately 7° C). The 
coldest months are December, January and February. The hottest months are July and August. 
 
Caracas, the capital of Venezuela is located in a valley between 870 and 1000 metres above sea level. The climate is 
pleasant all year round; the maximum temperature is 29° C. Maracaibo, the second most important city, is located on 
the coast and has the hottest conditions of any major city in Venezuela, with maximum temperatures averaging 34°C. 
 
The appropriate design criteria for the Venezuelan climate must be based in sharing heat gains by high radiation all 
year and to stimulate the natural ventilation to control internal temperature. It is convenient to use natural lighting but 
taking care of reducing heat loads through the radiation. The typical elements of tropical architecture in Venezuela 
are: great openings with shading, lattice windows, eaves and awnings, pergolas, balconies, internal courtyards, 
ventilation blocks, openings in ceiling, skylights, clear colours on walls and roofs, and gardens on roofs and 
balconies. 
 
In effect, the indigenous architecture of Venezuela uses permeable shades to mitigate heat loads. These are made 
from materials like cane or palm trees that allow natural illumination and ventilation. The colonial architecture (1500-
1800), known as “oil architecture”, which was introduced by the oil companies when they came to Venezuela (1920-
1940), and the tropical modern architecture (1940-1970), all maintained the basic design criteria for warm–humid 
climates, but adapted new materials and new building technologies. 
 
During the 1970s, inappropriate design and technology criteria for climate conditions were imposed by Venezuela 
contemporary architecture. It was during this time that glass façade technology was incorporated in indiscriminate 
form and a great amount of buildings were constructed with their whole facades in glass without shading. There were 
no differences in the façade design used; being favourable or unfavourable with respect to the sun (north –south or 
east-west). The Venezuelan contemporary architecture used dark colour for final finishes of walls, being a design 
decision inadequate for the warm-humid climate because it produces commercial buildings of more energy use. 
This work is based on a comparative study of several techniques used in façade design in warm-humid climates, with 
an emphasis on the west façades, and to evaluate the effect of the selection of the constructive components of walls 
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and windows on the air conditioning system and artificial lighting cooling loads. Moreover it shows the advantages 
and relative defects in relation to the energy efficiency and more global concepts including environmental impact over 
the construction costs, operations and maintenance for Venezuela. 
 
1. NON-DOMESTIC BUILDING AND ENERGY CONSUMPTION 
The biggest percentage of energy consumption in a commercial building takes place through the air conditioning 
systems and artificial illumination. “A survey of over 1000 public and commercial buildings in Greece (Santamouris 
1992) has shown that the typical annual energy consumption for non-air-conditioned buildings is 140kWh/m’, while 
that for air-conditioned buildings is in the range 226 – 250 kWh/m” (Bowman 1997:191). 
In office buildings in Venezuela energy consumption by air conditioning systems is 46% and for artificial illumination it 
is 33% (CAVEINEL 2000).  
 

Figure 1: Office buildings in Venezuela:  energy consumption by system 
Air conditioning
46%

 Inside lighting
32%

Other
equipment  
21%
Outside lighting
1%

 
                                        Source: (Sosa and Siem2004) 

 
Several causes of the constant increase of electric energy use have been identified in Venezuela: 1) The population’s 
poor energy consumption habits. These have been stimulated by the very low cost of energy in a country producing 
petroleum, hydroelectric energy and thermoelectric energy. 2) Contemporary architecture is incompatible with the 
climatic variables due to the indiscriminate incorporation of design criteria adapted from other latitudes. These 
disregard the domestic climatic, cultural, technological and economic requirements. 3) Inefficient regulations in the 
construction sector: standards of construction do not regulate thermal and light quality of buildings and the rationality 
in the use of energy. This circumstance favours non-implementation of design orientations adapted to the warm-
humid climate (Siem 2001). 
 
The Thermal Quality of Constructions in the Maracaibo Municipality (2006) is the first standard of its type and of the 
336 existing municipalities in Venezuela. The objective of this legal instrument is to regulate heat transmission 
through the surrounding mass of the buildings. As an evaluation parameter the Decree establishes the Value of 
Thermal Transfer Global (VTTG), in which it limits maximum heat transference with regard to the surrounding mass 
of the building. It is 25 W/m2 for walls and 60 W/m2 for the roof (ENELVEN 2005). 
 
The efficiency of use of the air conditioning systems in Venezuela is generally expressed in m2/ton, which is 
equivalent to the area of construction per ton of air conditioning installed. Commercial buildings commonly work with 
ratios of 20m2/ton. In developed countries, which have appropriate criteria of building design and energy standards, 
these ratios are established around 40m2/ton (Nedianni 2000). 
 
This fact highlights the necessity of establishing criteria of building design that match with the climate, and that they 
make a rational use of the energy. The residential and commercial sectors represent 60% of the consumption of the 
electrical energy in Venezuela, for the economic sectors.  It is necessary to guide the attention toward these two 
sectors. 
 
2. DESIGN OF FAÇADES: QUANTITATIVE AND QUALITATIVE APPROACHES 
The building envelope acts as a filter to the penetration of the solar radiation, wind, humidity and the rain, modulating 
the exchange of heat between inside and outside. The appropriate solutions therefore should consider the climatic, 
geophysical and urban conditions to achieve the comfort of the occupants, for “The design of a building envelope has 
a significant impact on performance in terms of lighting, heating and cooling energy use, occupant comfort, and 
aesthetics” (CBE. Berkeley 2006: Web page). 
 
“Best opportunities for improving a building’s energy performance occur early in the design process” (Goulding 
1998:3). In effect, the initial approaches of the facade design of a commercial building will define its future behaviour 
in relation to energy demand. The potentiality of establishing this behaviour is greater at the beginning of the design 
process, it diminishes as the process advances and it becomes almost nil when concluding the construction and the 
installation of equipment. In this last case, the measures to save energy will be mainly oriented to act on the 
application of use and maintenance of equipment and services. 
 
Several quantitative and qualitative approaches to the study of façade have been carried out, especially concerning 
non-domestic buildings. They are essential references for this study and some authors have based their studies on 
simulations of the thermal behaviour of façade components (Ansari 2005, Lam 2005). Several tools have been 
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studied, such as LTV TROPICAL tool development and testing for warm climate (Hyde and Pedrini 1999). Other 
authors also include such aspects as the comfort of the occupants and/or the environmental impact with an integral 
focus of sustainability in the design (Kolokotroni 2004, CBE. Berkeley 2006, Euleb 2006). 
 
This paper has carried out a comparative study of diverse technical strategies in facades, with emphasis on the west 
facade for warm-humid climates. It has evaluated the effect of the design decisions and selection of opaque and 
translucent materials in the cooling loads of the air conditioning system and of electric lighting. This paper uses a 
reference model whereby a window of simple clear glass is exposed in the sun without shade. Different types of glass 
are then evaluated within this model, showing good relationships between wall and translucent components and the 
impact of different techniques of shading walls and windows. 
 
The objective is to provide a method of understanding to compare diverse strategies in the design of the facade, 
specifying its advantages and relative defects in relation to the energy efficiency and more global concepts including 
environmental impact and the construction, operation or maintenance costs. Each one of the strategies of the design 
is endorsed by the literature and by its own simulations. The approaches and related indicators and criteria are 
explained next:  
 
A. Energy efficiency: The energy efficiency is evaluated from two aspects: Cooling Energy and Lighting Energy.  
Cooling Energy: If the architectural solution of a building has disregarded the climatic aspect as fundamental criteria 
of design, the thermal quality of the spaces is affected. The most expeditious solution to this problem, which is 
considered later on, constitutes the installation of high capacity air conditioning systems. An important criterion to 
consider is the energy consumption required for the air conditioning system, because it represents increase in energy 
use and economical costs of the building throughout its lifecycle. The indicators proposed to evaluate the strategies 
in facades are: Percentage of reduction of solar heat gain and percentage of reduction of cooling load.  
Lighting Energy: The architectural response should be dedicated to taking advantage of the potential of natural 
lighting to illuminate the interior spaces and to diminish the necessity to illuminate by means of electric lighting. For 
each kW saved in the electric lighting system there is a decrease by approximately 0.28 tons of refrigeration in the 
capacity of the air conditioning system. The proposed indicators are: Solar Heat Gain Coefficient (SGHC) and Visible 
Light Transmission Coefficient (VLTC). 

 
Table1: Energy efficiency indicators  

ENERGY EFFICIENCY 
Cooling Energy Lighting Energy 

% Reduction of inside solar heat 
gain  

% Reduction of Cooling Load 
 

Coefficients Solar Gain SHGC  
vs. Coefficient Visible Light  
VLTC 

 
B. Construction Costs: A building can represent an important investment during the project and the construction, 
but those are not the only elements to consider in the global cost. A general approach of global vision also takes the 
costs of construction, operations and maintenance along the lifecycle of the building. A more energy efficient design 
does not necessarily have to be more expensive. The proposed indicators are: Construction, Operations and 
Maintenance Costs. 

 
Table 2:  Construction, operations and maintenance costs indicators  

CONSTRUCTION COSTS 
Typical High 

Traditional design strategies or simple technology 
with typical cost 

Less traditional design strategies with more 
construction or technological costs. 

OPERATIONS AND MAINTENANCE COSTS 
Low Medium High 

Low costs for operation, 
maintenance or renovation of 
parts 

Averages costs for operation, 
maintenance or renovation of 
parts 

Elevated costs for operation, 
maintenance or renovation of 
parts.   

C. Environmental Impact: The summations of the Rio Summit (1992), the Kyoto Protocol (1997) and the 
Johannesburg Summit (2002) identified the necessity to adjust energy use in the world, and to reduce the emissions 
of gases into the atmosphere. Buildings are responsible for the consumption of around 40% of energy in cities. As a 
result, disciplines like Architecture and Engineering will be required to work more harmoniously with the environment 
and as a consequence reduce the consumption of energy. The indicators to consider are direct impact on the 
microclimate, namely the energy included in the production component. 
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Table 3:  Environmental impact indicators 

ENVIRONMENTAL IMPACT 
Typical High 

Low direct impact on the microclimate or average 
energy for production of the materials and/or 

average energy for transport (National product) 

Direct impact on the microclimate or high energy 
for production of the materials and/or high energy 

for transport (Import product) 
 

 
3. STRATEGIES OF DESIGN OF FAÇADES  
The façades are exposed at high levels of solar radiation, with more influence in the case of buildings of great 
height. Facades oriented west can have heat loads of up to 3000 W/m2/day, when perceiving in perpendicular form 
the solar rays during a long part of the day for the whole year, in the case of tropical climates.   
The strategies to control heat gain through facades in commercial buildings in warm-humid climates, should give 
priority to orientation, thermal properties of walls and windows, area of windows and solar shading. These elements 
must be conceived in coherent form to guarantee an appropriate thermal quality of the space and a rational use of 
the energy from the air conditioning systems. 
 
3.1 WINDOWS AND OTHER TRANSLUCENT SURFACES IN FAÇADES  
Windows, curtain walls and other translucent surfaces offer a view to the exterior and they allow natural lighting and 
possibly natural ventilation. In opposition, the solar light with direct entrance through these surfaces can represent a 
high gain of heat toward the interior of the spaces. In tropical climates, this can mean more than half of the loads of 
cooling energy in buildings with air conditioning. 
 
The simple clear glass transmits to the interior more than 80% of the incident radiation. The external solar shading is 
the most effective method to reduce the heat load through translucent surfaces and windows and this reduction can 
be considered up to 80% in the case of windows compared with simple clear glass. A comparative study applying 
different strategies to a fixed window of simple clear glass of 1/4" exposed in the sun, demonstrates the percentage 
of reduction of the loads of internal heat (ASHRAE: 1998): 
 

Table 4:  Percentage comparison of the reduction of the solar gain of a window of simple 
clear glass when applying solar shades and technology glass 

 
Strategies Reduction of t

gain vs. windo
clear glass of 

he solar 
w of simple 

1/4" 
External solar 80% shade 

Paper or refle  68% ctive layer in glass 37 -
Spectrally selective glass 37 - 58 % 

Glass of bronz  - 37 % e or grey tint 26
Interior blind o 30 % f clear colour 

Interior blind of medium colour 22 % 
Curtain inside 54 %  translucent 
Curtain inside 59% white colour 
Curtain inside dark colour 15 %  

          Source: (Data taken of ASHRAE Handbook of Fundamentals, 1998) 
 
One typical and economical strategy of appropriate solar shading in a warm-humid climate is the placement of 
vegetation or external gardens embedded along the windows with simple glass. This element called bioshader (Lam 
2005) allows the solar heat loads to diminish and it improves the quality of the circulating air around the facades. 
Also, it can valorise the aesthetic factors. Another strategy of tropical architecture in Venezuela is shading windows 
with external corridors or balconies. They help to reduce the heat gain inside, by using a buffer effect. 
 
The use of spectrally selective glass is another strategy to reduce the quantity of heat transmitted through windows or 
curtain walls, and also it allows the penetration of high levels of visible light. This way it can decrease the energy 
necessary for the cooling load and electric lighting. A curtain wall facade reduces the electric energy demand by 48% 
in comparison to windows without shading (Kolokoteroni 2004). 
 
Several types of spectrally selective and low emittance (Low-e) glass have been developed, but not all of them are 
adapted for warm-humid climates. Some glass systems have been designed for temperate climates and they work by 
maintaining the warm spaces in winter, but in warm-humid climates the glass should be of low solar gain properties.  
Next some indicators are presented to select the glass with thermal properties adapted for warm-humid climates such 
as that of Venezuela: 
• A low value of Coefficients Solar Gain SHGC is the most important property in warm climates. Select windows 

and translucent surfaces with a SHGC 0.40 or less. 
• Select windows with a high value of Coefficient Visible Light VLTC 0.7 or more, to maximize the natural light 

inside the space. 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 121 



• The rate of flow of heat through the unit of area of the glass (W/m2 grade C) is another property that should be 
considered. A low Factor U is useful when it is important to maintain the heat outside, but it is less important than 
the SGHC in warm climates. Select windows and skylights with a Factor U less than 4.00. 

 
Table 5:  Comparison of the thermal and light behaviour for different types of glass in window  
 

 
   

Coefficients CODE WINDOW WITH GLASS   
SHGC VLTC Factor U 

a Simple clear 0.86 0.90 6.59 
b Simple bronze or grey tint 0.73 0.68 2.09 
c Double simple clear 0.76 0.81 4.48 
d Double bronze or grey tint 0.62 0.62 3.41 
e Double high technology Low-e 0.48 0.69 2.04 
f Double high solar gain Low-e 0.71 0.75 1.82 
g Double medium solar gain 

Low-e 
0.53 0.75  

h Double low solar gain 
Low-e 

0.39 0.70  

i Triple  low solar gain Low-e 0.50 0.65  
j Triple medium solar gain 

 Low-e 
0.33 0.56  

     Source: (Data Visible Light Transmission Coefficient (VLTC) and Solar Heat Gain SGHC (SHGC)  taken  
from www.efficientwindows.org/glazing double.html). 

 
Simulations done for the latitude of Venezuela demonstrated the effect in the demand of the cooling loads of air 
conditioning for different types of window glass and for different orientations. The results were obtained with the 
simulation software APACHE™ IES (Integral Environmental Solutions) with climate data corresponding to March 
2003. This software was validated previously with experimental results corresponding to an existing building. 
 

Table 6: Impact of different types of window glass and orientations in the cooling load (kW/h) for Venezuela 

 

 

 

 

 

 

 

 
 
 
 
                                                                                                                                Source: (Sosa and Siem 2004) 

 

 

 
 Window F Window E Window D Window C Window B Window A 
Glass Simple 

clear 
Simple 
bronze or 
grey tint 

Double 
simple 
clear 

Double 
medium 
solar gain 
Low-e 

Double 
high solar 
gain  
Low-e 

Double low 
solar gain 
Low-e 

     North         East           South         West 
 
                          Orientation 

 
These results reflect: 
• The influences of the windows orientation in the cooling loads of the air conditioning system. In the west facade 

for the same area of window the highest cooling loads were observed. It is important to underline the high results 
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for the south façade, because they correspond to the month of March when the sun is inclined towards the south 
in the north hemisphere (the latitude of Venezuela is 10 degrees north).  

• The lowest cooling loads are obtained with high-technology glass of low solar gain.   
• The highest cooling loads are obtained with simple clear and bronze or grey tint glass. Bronze and grey tint are 

not high-technology glass and they do not reflect the infrared radiation; on the contrary, they absorb it. Some dark 
tints admit more heat than visible light. For example, a simple glass with bronze or grey tint presents a high 
SHGC 0.73 and a low VLTC 0.30. Additionally, the colour of the glass can produce darker interior spaces 
resulting in more energy use for artificial lighting. 

 
In warm-humid climates with high radiation for the whole year, the west facades should be opaque with small area of 
windows. A big ratio between window and wall, results in a high solar gain (Hyde). The curtain wall has the largest 
cooling demand because of higher glazing (Kolostroni 2004). 
 
Simulations done for the latitude of Venezuela demonstrated the impact of the area of windows and types of glass in 
the annual costs of the electric consumption. The results obtained for a ratio of 15% and 30% of the windows area in 
relation to the area (m2) of the floor area are shown in Table 7. Venezuelan standards demand a minimum ratio of 
15% between windows and floor.  
 

Table 7:  Percentage increase of annual electricity consumption when increase the ratio between window and wall 
 

Glass Type  

Simple clear Simple bronze 
or grey tint 

Double Low-e low 
solar gain  

Percentage growth of annual 
electricity consumption which 
increases with the  enlargement 
of the window area from 15% to 
30% 

 
50% 

 
40% 

 
33% 

 
                                                                                                                                                              Source: (Sosa and Siem 2004) 
 
These results reflect: 
• The windows with clear simple glass or bronze or grey tints present a significant increase in the cooling load when 
the area of glass is duplicated. The analysis indicates that the increment of the area of windows increases the 
energy use but it is lower when windows are used with spectrally selective glass (example: double glass with low 
solar gain Low-e). 

 
In warm-humid climates, another important factor to consider is the constructive technique for windows in west 
facades. Surfaces of glass inclined toward the inside, as shown in Figure 1, attenuate the solar irradiations 
transmitted by the glass significantly. With a vertical inclination of 15°, a 14% reduction of solar penetration is 
obtained for windows in north facade, 28% for orientation east-west and 32% for glass to the south (Nedianni, 1998). 
For attenuations of 50% in the most critical facades (west or east), glass façades could be designed with angles of 
35° regarding the vertical one (135° for the horizontal one). 

 
Figure 1: Strategic constructive technique in window’s façades for reduction of solar penetration 

 

8% transmitted           35% reflected 

  
20% re-irradiated 
inside and 20% re-
irradiated outside

          40% absorbed 

                                                                                                   Source: (Sosa and Siem 2004) 
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Next, a table summary is presented, to compare diverse strategies in the design of the west façade with windows in 
warm-humid climates, specifying its advantages and relative defects in relation to the energy efficiency and more 
global concepts including environmental impact and the construction costs, operation or maintenance, based on the 
outlined indicators.  
 

Table 8: Comparison of diverse west façade design strategies for Venezuelan warm-humid climates 
INDICATORS  

Energy efficiency Environmental 
Impact 

Construction, Operations and 
Maintenance costs 

Lighting  
Energy 

Cooling Energy 
 
 

STRATEGIES 

SHGC vs. 

VLTC 

 Reduction 
gain of 

solar heat 

Reduction 
cooling load 

 

Microclimate's 
impact, 
Energy 
Efficiency  

Construction 
costs 

Operating and 
maintenance 
costs 

Solar shading 
Windows with simple glass 
and external solar shading 
(louvre). 

SHGC=0.86 
VLTC=090 
 

 80% 
 

18.25% Typical Typical Low 

Windows with simple glass 
and external  
bioshade (vegetation) 

SHGC=0.78 
VLTC= 0.81 
 

Dynamic 
shading 

coefficient, 
maximum 
value of 
0.55. \ 

(LAM 2005) 

 Typical Typical Low 

Windows with simple glass 
with interior solar shading 
(curtain or blind). 

SHGC=0.78 
VLTC= 0.81 
 

15 - 30%  Typical Low Low 

Windows with simple glass 
and external corridors or 
balconies. 

SHGC=0.78 
VLTC= 0.81 
 

Buffer 
Effect”. It 

controls the 
loads of 

heat to the 
interior of 
the space 

 Typical Typical Low 

Technology glass 
Spectrally selective glass 
Low -e 

SHGC=0.38 
VLTC= 0.71 
 

37 - 58% 48% High High High 

Bronze Glass  SHGC=0.72 
VLTC= 0.67 

26 - 28%  Typical Medium Medium 

Double simple clear glass SHGC=0.78 
VLTC=0.81 
 

 8.8 % Typical Low Low 

Ratio between windows and walls 
Increase of the window 
area from 15% to 30%, 
with simple clear glass 

SHGC=0.86 
VLTC=090 
 

50% 
Percentage 
increase of 

annual 
electricity 

consumption 

 Typical Low Low 

Increase of the window 
area from 15% to 30%., 
with simple bronze glass 

SHGC=0.72 
VLTC= 0.67 

40% 
Percentage 
increase of 

annual 
electricity 

consumption 

 Typical Medium Medium 

Increase of the window 
area from 15% to 30% with 
double Low e, Low gain 
solar 

SHGC=0.38 
VLTC= 0.71 
 

33% 
Percentage 
increase of 

annual 
electricity 

consumption 

 Typical High High 

Constructive technique 
Windows with glass placed 
with angles of inclination of 
115° (toward inside). 

SHGC=0.86 
VLTC= 0.90 
 

28 % 
in west 
facade  

 Typical Medium Medium 

Windows with glass placed 
with angles of inclination of 
135° (toward inside). 

SHGC=0.86 
VLTC= 0.90 
 

50% 
in west 
facade  

 Typical Medium Medium 
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CONCLUSIONS 
Contemporary architecture of non-domestic buildings in Venezuela has introduced inappropriate design criteria and 
technology for the warm-humid climate because of the ineffective regulations. As a result these buildings are 
responsible for high energy use, high costs and environmental impact. 
 
These results represent a first exploration for the development of a method to evaluate the typical strategies for the 
building envelope of commercial buildings for warm-humid climates, north latitude such as that of Venezuela. This will 
allow a comparison of the design strategies, with an integral vision in relation to the energy efficiency and other global 
concepts including environmental impact and the construction, operation or maintenance costs.  
 
It has evaluated the effect of the design decisions and selection of opaque and translucent materials in the loads of 
cooling of the air conditioning system and of electric lighting.  This paper uses a reference model whereby a window 
of simple clear glass is exposed in the sun without shade. Different types of glass are then evaluated within this 
model, showing good relationships between wall and translucent components and the impact of different techniques 
of shading. Each one of the strategies of the design is endorsed by the literature and by its own simulations for the 
latitude of Venezuela. These results reflect: 
 
In façades, the total translucent surface and the orientation influences in the increase of the cooling loads of the air 
conditioning system.  In the west façade for the same area of window a greater increase of the cooling load is 
observed. In west facades, the best solution is to offer walls limiting the areas with windows. 
 
A decrease in the cooling load is a result of using windows with spectrally selective glass of low solar gain, in a warm-
humid climate. A low value of Coefficients Solar Gain SHGC (0.40 or less) is the most important property in warm-
humid climates.The curtain wall with high-technology glass is more appropriate than windows without solar 
protectors. However, the technologies of spectrally selective glass are high cost in Venezuela, especially if it is 
compared with the price and the efficiency of simple glass with solar shading. Additionally the reflective glass can 
have environmental impact when increasing the temperature of the microclimate, and they can produce damage in 
the immediate urban context because of the glare.  
 
The application of shading to the façades has a significant effect on the reduction of cooling energy. The traditional 
tropical shading solutions in windows, in particular external solar shading, corridors, balconies and vegetation, are the 
most energy efficient and economical design strategy. 
 
The present study will be continued, with further fine-tuning of the evaluation approaches. Also, it will include a 
deepened analysis of other design strategies as these influence the loads of cooling of the air conditioning system 
and the electrical energy consumption. This study also attempts to evaluate strategies of design that involve 
intelligent or more novel technologies such as self regulated shade, double ventilated façades, solar collectors, 
determining the relationship benefit, costs and environmental impact in a climatic, technological context, such as that 
of Venezuela. 
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ABSTRACT: Traditional houses in the Southeast Asia can be addressed as a ‘house society’ referring 
to Levi-Strauss’s concept and at the same time, by looking through Olgyay’s design approach, they 
can be seen as a ‘climatic designed’ building. The Indonesian traditional houses can be recognized in 
the same way. The concept of cosmology and the beliefs in ancestral or divine power are common 
characteristics that mould the form with a variety of customary ceremonies to sanctify the 
construction. Its climatic responsive design and the construction technology are often described in 
cultural context that they lose the logical account, which is essential for future development. 
 
Currently, the form of sao pu’u, or the traditional house of the Ngada ethnic group is found to have 
transformed to a new model. It appears outwardly modern and resonate a “sense” of environmentally 
healthy. This paper intends to examine whether climate, health issue, or cultural beliefs has the most 
influence in the current change and whether they are closely interdependent. A field observation was 
conducted with interviews and thermal measurement. The result indicates that people prefer to build 
the semi-modern house because of its modernity form and economy wise.  
 
The study concludes that the form of traditional house has always been protected from being 
changed for cultural reasons, unless the change itself is culturally determined. The new transformed 
sao pu’u indicates that some influences are beyond merely culture. There is also a sense or feel of 
healthy environment, although it is thermally unsuitable when compare to the old traditional model. 
This study is expected to encourage collaboration studies between architecture, especially building 
science, with anthropology. 
 
Conference Theme: Human Issues: social, cultural, economic, thermal comfort 
Keywords: Culture, climate, transformation, house form, health 

 
 
1. INTRODUCTION 
Indonesian traditional houses conceive a blending of culture and climate in their architectural expression. The 
architectural form is remarkably rich with symbolic articulation signifying cultural beliefs and cosmological view of 
the dwellers (Waterson 1990). In traditional culture the presence of ancestral spirits is an important part in buildings, 
determining the way a house should be treated. It is believed that these spirits are the source of structural stability 
that works through sanctified construction (Waterson 1990, Tjahjono 1999, and Forth 2003). Amos Rapoport argues 
that house form is primarily determined by socio-cultural factors (Rapoport 1969). 
 
While socio-cultural factors are often claimed as the primary indicator, the notion of climate as being the dominant 
factor appears equally strong. Building form, especially the roof, and construction materials are the common 
features of traditional houses, which demonstrate the way the building responds to the immediate climate (Olgyay 
1963), Konya 1980, and Dawson 1994). In a study of thermal comfort using computer simulation, Satwiko (2004) 
found that the roof shape of a typical traditional Javanese house determines its comfortable indoor microclimate.  
 
On the other hand, traditional houses are also known for their unhealthy indoor environment. In a number of cases, 
the interiors are murky with barely any lighting, which suggest that indoors were not aimed for comfortable living 
condition. Nevertheless, the house is socially and culturally satisfactory since the indoor is mainly a place for 
sleeping, as most of the day will be spent outdoors (Waterson 1990; Dawson 1997). 
 
As the architecture continually changes following the socio-cultural or economic conditions, its form is gradually 
transformed and goes through some sort of “trial and error” process as an adjustment before it finally satisfies most 
of the cultural, physical, and maintenance requirements. In recent development of traditional houses or sao pu’u of 
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the Ngada ethnic group in central Flores, a new model of house is growing in traditional kampongs. The model 
looks modern on the façade with its new construction system, but apparently retains some essential cultural 
attributes. It signifies an improvement of indoor environment that gives a sense of healthy living conditions, yet at 
the same time the application of the building materials appears unsuitable for the climate. 

1.1  Objective and Method 
The objective of this study is to identify the most influential factors influences of climate, health, or socio-cultural 
aspects in the making of the new model of traditional house and whether they are closely interdependent. The 
approach to the intended objective was taken by identifying the dwellers’ sense of comfort, culturally and thermally, 
in regard to their preferred house. 
 
A field observation was carried out. Interviews and thermal measurements were conducted to obtain information on 
the social and microclimate aspects that are assumed to have impacts on preferences. Thermal measurement 
devices were used to record air temperature, relative humidity and light intensity. The measurement was applied 
both to 1 (one) traditional house and 1 semi-modern type but was measured at different time. Each house was 
measured within 6 days. The rooms or spaces that were measured are the sao one, the attic, and the teda one.  
 
The temperature information was intended to give a general sense of the indoor microclimate and not to be 
concluded as measures of thermal comfort. This paper only concentrates on the results of measurement and what 
can be learned from them. Likewise, the following charts in 4.2 and 5.2 are not intended to be compared, but were 
to give a general idea of microclimate in both types of houses. 
 
Questionnaires were distributed only to the respondents who currently live in the semi-modern house but had also 
lived in the traditional house. There were 32 houses with 63 respondents in 3 different kampong. At each house, 
interviews were given to both the male and female respondents (the targets include the husband and the wife) 
separately. In this observation the women group is important since they usually spend longer time at homes, and 
therefore, are predominantly subject to the indoor climate and health problems.  
 
The dwellers who lived only in the traditional house were not included. The reason for this is because the objective 
was to draw conclusion from people who had lived and still live in both types of the houses. Most of the people who 
dwell in the semi-modern sao pu’u had lived in the traditional house during their teenage years. 

1.2  Healthy House 
During the 1980s the local government of Ngada regency socialized a concept called “healthy house”. The 
government believed that traditional houses were not healthy and promoted the concept as a way to improve living 
conditions, especially for those who lived in the mountains or places remote from towns or a city. The way the 
concept was socialized had an impact on people’s perception of what a healthy house was. The house is ideally a 
building that is built on ground; it has many windows and openings to allow light and airflow. It has separate kitchen 
and baths to substitute for tradition indoor hearth for cooking and going to rivers for bathing. 
 
The Dutch colonial type of house was also made as an example of a healthy house. The house was built with brick 
walls with the floor covered with tiles and had many windows. Mass product and prefabricated materials were also 
perceived as a factor to the idea of health and modernity. Beyond modernity, the materials were seen as 
economically desirable because they are durable, ready to use, and easy to apply. 

Figure 1: The map of Indonesia shows the location of Flores Island (left). Ngadha Regency, in grey block, is 
located at the centre part of Flores Island (right) 

2.  GEOGRAPHICAL LOCATION OF NGADA REGENCY 
Ngada regency is located in central Flores Island, eastern Indonesia. In general, Flores falls into semi-arid climate. 
The rainy season is short and occurs from November to March while dry season is from April to October. The 
maximum mean temperature is 33.20 C and the minimum mean temperature is 21.70 C. The lowest humidity is 63-
76% in June until November, while the highest is 82-88% from December to May. Average wind speed from 
November to April is 5.56-9.26 km/h and on May till October is 11.11-18.52 km/h. Flores Island lies in the Pacific 
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Ring of Fire where earthquakes are common in the region. A strong earthquake (7.8 magnitude) triggered a tsunami 
in December1992.  
 
One of the kampongs in the study, Bejawa-A, is located in the Ngada regency, positioned at latitude 8°46S, 
longitude: 120°58E with altitude 1020 meters above sea level. The other kampong, Bena, which is a conserved 
traditional settlement, is approximately 6 km southward and 1.2 km from Bajawa-A. According to Zulyani Hidayah 
(1996), Ngada ethnic group comprised of several sub-tribes, while Koentjaraningrat (1971) mentioned Ngada as 
one of the eight ethnic groups that are known to inhabit the Flores Island. The sub-tribes differ in their dialects, but 
share a common culture. For simplification, all the sub-tribes will be referred to as the Ngada through out this paper. 

3.  NGADA VILLAGE 
Generally, a traditional kampong or village lies on a sloping terrain of a top of a hill (hill shoulder) or at a foothill. The 
orientation is determined by its proximity to the sea-mountain position. In a typical site plan the houses are arranged 
in two opposing rows creating a large open court in-between, known as the centre. The court is filled with various 
cultural artefacts – the bagha and ngadhu, miniature of wooden houses and umbrellas like structure used for divine 
offerings; one or more groups of sharp megaliths (watu lewa) as objects of homage to the ancestor; some stacked 
flat stones (ture) that are used for food serving table, and family graves. This court is an important place for social 
gatherings and various ceremonies such as, traditional New Year festivals, animal sacrifice, or as a construction site 
for building sao one. All the houses face toward the open court, which act as the front yard. At the back, there are 
stables and recently, bath or toilet compartments were built to comply with the housing health programme. The back 
yard is usually dense with trees and other domestic plantation.  
 
Usually there are several clans inhabiting a kampong, although it could have been initially built by a group of clan 
before other clans joined in. The presence of the clans is stated through the existence of their principal house, 
called sao pu’u, and the bagha-ngadhu. The Ngada recognizes matrilineal system of kinship. Women hold the 
ownership of the house (and all things that belong to the house), while the men are responsible for managing it and 
execute all kinds of custom. Most of the people are farmers, but at times between planting seasons and crop 
harvesting some farmer work as labours. In certain kampongs the women weave cloth along with their daily 
activities besides looking after the house. 

4.  TRADITIONAL HOUSE: SAO PU’U 
There are several categories of houses in a kampong- the sao pu’u (also called the house of origin); kaka, which 
means a supporting house; and kekha, a hut that, is located in farm. The most important category is the principle 
house since it holds the highest social status and cultural importance. As a sao pu’u represents a clan, it also acts 
as the central authority over its descendents. The house is an important element in the social and housing system, 
which Levi-Strauss describes as ‘house societies’ (Carsten 1995). 

4.1  Building Construction 
Basically, sao pu’u is a simple rectangular wooden structure that rests on rows of posts, approximately 1.00 –1.50 

(Arsitektur Hijau UKP 1996) 

Figure 2: The typical traditional kampong like Bena is generally located on hilltops. The houses are 
arranged into 2 parallel rows, separated by a large open court (left). A cross section of Bena shows the 
profile of the terrain (centre). Bajawa-A is another type of kampong that is usually located at foothills 
and has a rectangular form of houses arrangement (centre). The preserved Bena kampong and a 
typical bagha-ngadhu with megalith (right) 
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meters above the ground. In 
following order - teda moa, a 

principle, the plan is composed of three adjacent enclosed spaces organised in the 

 three independent 

wever, positively acts as a good insulator to keep 

ends. The raised floor, which is made of bamboo, laid on girders and in some cases bamboo mat was used. 

s to decide which trees in the forest will have to be cut down to produce the material. Every 

eping room; it contains a small hearth called 
ng; there is a mataraga (symbol of family property) hung on the wall opposite the small and only 

4 x 4 m2 and the height is approximately 2 meters. Each of the four 

(Arsitektur Hijau UKP 

Figure 3: The section and the floor plan of sao pu’u (left and centre). The interior of sao pu’u is very simple with 
the sao one the centre of the house. The photograph shows a typical traditional sao pu’u at the entrance gate of 
Bena kampong (right) 

roofed terrace in the front; teda one, a living room in the middle; and sao one, a square 
compartment in the back. The elongated section shows the three space are elevated one higher than the other with 
sao one the highest. The terrace is the most used space. Dwellers receive guests in the terrace; they take rest 
there, watch passers by, and usually communicate with others between houses. The women use the terrace as their 
workplace for weaving. Most activities in the house take place in the terrace and the living room. 
 
The house has very few windows, which are available only in teda one facing the front terrace. There are also no 
ceilings except above the sao one, where the heirlooms are stored. The building is composed of
structures – the posts, the wall and floor construction, and the roof. The separation of these structures symbolises 
the parts of a human body as the legs, body, and head. All joints are mortised and locked with pegs, which make the 
construction flexible to move about when an earthquake erupts.  
 
The large sharp inclined pitched roof covers two third of the building footprint as the main roof, while a smaller tilted 
bamboo roof shelters the teda moa. The thick grass-thatched, ho
the indoor temperature relatively comfortable. However, since there is a hearth inside the house with no ventilation 
in the walls, the roof cannot allow the smoke to escape easily to the open air. Airflow is possible only through gaps 
between the walls and the leaning roof rafters and other loosely joinery. Because the smoke is temporarily trapped 
in the attic, the dwellers are susceptible to upper respiratory infection and tuberculosis as reported by local public 
clinics. 
 
The walls are made of wood panels, tightly joined in a vertical position and are griped or pinched by mortised beams 
on both 
The mats are not tightly joined, affording tiny gaps in-between which allows cool air to rise up from the cavity 
underneath (lewu).  
 
There are various ceremonies during the construction process, which starts even at the time when the limapade or a 
master builder begin
stage of the construction has to go through a ritual ceremony where particular structures are consecrated, such as 
the principal posts. Currently, building a traditional house has become a burden strongly felt by the new generation 
because of the ceremonies that consumes a large amount of money. 

4.2  The sao one 
Sao one is the most important room in the building. It is a sacred sle
lawu for daily cooki
door, facing straight to the location of bagha-ngadhu; and a heirlooms storage on the bamboo ceiling. Sao one is 
also used to conduct important customary meetings or family gatherings. The Ngada people believe their ancestors’ 
spirits live inside the room above the bamboo ceiling and they have the duty to perform some tasks to please the 
spirits such as to light a small fire in the hearth during the night. Proper behaviour is strictly required in this room 
and only certain persons are allowed to enter.  
 
The size of the compartment is determined by using anthropocentric measurements based on the eldest person in 
the family. The rectangular sao one is roughly 
walls consist of seven wooden panels with one slim panel of 3 cm wide that function as a lock located on the right 
end of the panels. The wall construction is aimed to be sound proof to secure conversations during particular 
traditional meetings, from being heard by anyone outside the chamber. Posts are erected in the order of ‘right’ 
movement and beams are laid following the order of ‘root and tip’ end [See also Gregory Forth (2003) in Indonesian 
houses]. The construction can easily be dissembled or assembled and made possible for relocation when required. 
The building materials are made on site by the villagers and simply produced adequately for the house. Woods are 
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obtained from particular trees in the forest such as Ampupu (Eucalyptus), Oja (Toona sureni), and Fai (Albizia 
chinensis). 
 
The sao one is almost a total dark room since it has no windows except the small door. Apparently darkness is 

quired by the customs, although there was no clear reason why it is so. There is, however, a common belief in the 

980) design guide in warm-humid climate, the light 
 be regarded as suitable. The field measurement records temperature, during the 

ractically an open space. Since no paint is used 
n the walls or floors, the natural colours of biotic materials, mainly wood and bamboo do not help much to reflect 

5.  CURRENT DEVELOPMENT: TRANSFORMATION 

re
traditional society in Indonesia where darkness is associated with the spirit of the decease. Occasionally the 
dwellers would use candles to light the room. This totally dark indoor can be found in other traditional houses, the 
Ende-Lio traditional house. A mosalaki or knowledgeable elder in the Ende region claims that dark chamber is 
simply a mix of cultural beliefs and technological limitations. 

4.3  Microclimate Performance 
According to Koenigsberger's (1974) and Lippsmeier's (1
structure of sao pu’u building can
day, inside sao one show a maximum fluctuation between 26–29 0C while the outdoor can be 27–33 0C in 6 days. 
The lowest temperatures vary from 16–20 0C at around 4.00-5.00 hours. Indoor humidity is relatively high with a 
range of 65% to 96%. Apparently the grass-thatched roof keeps the attic maximum temperature as high as 27-28 0C 
and drops as low as 18-21 0C, slightly above the sao one. The indoor temperature is always below the outdoor 
temperature due to the thermal mass effect of its light construction. 
 
Indoors is generally poorly lit, except for the front terrace, which is p
o
light in order to brighten the indoor area.  
 

Figure 4: Indoor temperature of sao one and the attic above of a traditional sao pu’u is shown here with the 
outdoor temperature. The indoor temperature seems to follows the outdoor temperature (left). The indoor-
outdoor temperature with humidity difference (right) 

Figure 5: A typical sao one chamber in a traditional sao pu’u shown with a small door behind the teda one. A 
platform and wooden stairs in front of the door is called kevapere, which is one of the sanctified interior 
elements (left). A chamber of sao one is under construction situated in the open court. A man is seen giving 
offering at the doorstep (centre). A built-in sao one in a semi-modern building with the kevapere is shown here 
for comparison (right). 
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5.1  Semi-modern sao pu’u 
The word semi-modern, which is popular among the Ngada people, principally refers to buildings that use a 

ion and timber construction. The building materials consist of prefabricated, which are 

 

a frame concrete structure filled with painted or plastered brick walls and cemented floor, built 
n the ground. Sao one, which is still raised about 1.2 meters from the main floor, rests on brick walls creating a 

 
f the building plan. A small skylight is now added in the roof to light the sao one and while its rooftop maintains ana 

l model by the majority of the dwellers who have 
ed in the traditional house. Most of the respondents feel the house is environmentally healthy, since the interiors 

The buildi y thermal recording (the chart in Figure: 
8 only shows 3 days) inside and around semi-modern sao one, the result shows the average maximum temperature 

mperature difference. 

combination of brick construct
generally mass-produced, and on site produced materials. The building can be seen as a small ‘box’ within an 
enclosed structure. The box refers to the sao one as a freestanding light structure inside a large concrete structure. 
The room organisation is basically similar to that of the traditional, but with some additional bedrooms. The sao one 
‘box’ is strictly required to be built with wood construction and the building process has to be carried out according to
the traditional method. The teda moa or the front terrace is smaller than the traditional model. The terrace or the 
living room (teda one), which is half open space is still an important location where dwellers can communicate with 
people on the street and watch people passing by. Kitchen and bathroom are now included but built separately from 
the main building. 
 
The main building is 
o
cavity underneath. There are also windows in the external walls, while the sao one remains with no single window. 
 
The roof uses corrugated zinc with a form slightly modified to retain the traditional profile and to adjust with the size
o
iye or ata it does have small ventilation to allow smoke escape. 
 
The model of semi-modern sao pu’u is favoured over the traditiona
liv
are bright and airflows. The light in sao one, which enters through the skylight above the ceiling completely alters 
the image or feeling of the dark sacred space, but does not contradict with the culture. Dwellers also express their 
preference because of its modern image. There are, however, few people who prefer the traditional house and, in 
some cases, they moved back to live in the old house. The reason was simply personal. 

5.2  Building Performance 

ng shows some indoor improvement and disadvantages. In a 6 da

Figure 6: The section and the floor plan of the typical semi-modern sao pu’u (left and centre). The footprint of 
the house is larger with additional rooms on both sides of sao one. Photograph of a semi-modern sao pu’u 
with the corrugated zinc pitch roof at Bajawa–A kampong (right) 

is 23.27 0C which fluctuates at a range of 22.68 0C -25.56 0C at 12.00-14.00 hours. The average minimum is 15.67 
0C in a range of 12.93 0C –18.28 0C. The difference between indoor and outdoor temperature is on average 2.82 0C. 
Since the roof uses corrugated zinc with no insulation, the attic suffers the most with its temperature as high as 
33.59 0C while sao one is 25.56 0C with the outdoor temperature at 20.57 0C high. The average maximum 
temperature in the attic is 23.27 0C and the minimum is at 15.67 0C. The maximum humidity is 92.2% and the 
minimum is 65%, while the outdoor humidity fluctuates from 35% to 100%. The indoor temperature is always higher 
than the outdoor temperature due to the thermal mass effect of its heavy construction. 
 
Roof is essentially the most exposed to solar radiation in the warm-humid climate. The grass-thatched roof of the 

aditional house performs better than the corrugated zinc in managing the daily indoor tetr
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Unlike in the traditional house where sao one is always dark without any artificial light, daylight in the semi-modern 
model is available inside, with or without the door in an open position. This is possible since a skylight is built in the 
roof allowing light passing through a perforated bamboo ceiling. The measurement registers light as much as 1,8 
lm/m2 from 10.00 to 15.00 hours. Indoor light is the most desired element by the dwellers. All respondents agreed 
on having natural light inside their house as a factor that would make them physically comfortable. They also point 
out larger openings as desirable to increase airflow, which indicate that the sao one is relatively hot during dry 
season. When the indoor temperature drops down the dwellers express the ambient temperature as an 
unfavourably cold.  

Figure 7: Indoor temperature of sao one and the attic above it of a semi-modern sao pu’u is shown here with 
the outdoor temperature. The indoor temperature is always higher than the outdoor temperature due to the 
thermal mass effect (left). The indoor-outdoor temperature with humidity difference (right) 

DISCUSSION AND CONCLUSION 
The result of interview, the thermal measurement, and visual observation has come to some conclusion. The 
interview shows that 83% of the respondents feel comfortable living in the semi-modern sao pu’u. While 68% of 
them feel uncomfortable with the traditional type of house, only 13% describe that they would like to go back and 
live in the traditional house. 
 
There are various reasons why the dwellers chose to build their semi-modern sao pu’u. The majority (44%) feel the 
new building is healthier to live in. Some 33% of the dwellers prefer the modernity style, while 21% feel the building 
is stronger than is traditional counterpart. However, while most of them expressed their satisfaction with the semi-
modern model, they still regard the traditional model of sao pu’u has a charismatic power and cultural value due to 
its originality. 
 
The indoor lighting and ventilation are the two most important elements that determine dwellers’ preference on the 
semi-modern house. All dwellers agree that they are very comfortable with the penetration of daylight into the 
building and make the indoor environment healthy. 
 
The form two models of sao pu’u show that the roof profile, the room organisation, and the construction of sao one 
are the key factors that must be strictly preserved. The sao one must be built in tradition fashion. The semi-modern 
model shows a disadvantage in the thermal performance when compared to the traditional house. However, the 
dwellers, in general, are not concerned with the high temperature since the condition is temporal and they also need 
to balance the outdoor cold air during the rainy season. The dwellers are mostly concerned with indoor lighting and 
expressed their satisfaction that they can build windows. The addition of skylight in the roof apparently is allowed by 
the culture, which is also technically possible with the modern construction. The construction materials are easy to 
maintain and be cleaned, creating of a feeling of healthy and an image of modernity.  
 
Although the concrete frame structure of the semi-modern is rigid, it still needs a further examination to ensure 
whether it can manage to resist earthquakes, something that traditional construction has proven genuinely capable. 
The use of prefabricated materials, which some are toxic, is also a concern. The reason of concern is the common 
process of technological transfer in tradition method, which is through simply duplicating or copying. Although the 
technical skill of the local people is sufficient to build with modern construction, they lack the scientific knowledge of 
the system. The skilled builders still rely the construction stability on ritual ceremonies and animal sacrifice. 
The semi-modern sao pu’u building actually reveals a major change, which not only relates to its physical form, but 
also the construction as well as the building process. Construction materials consequently alter the indoor 
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microclimate. The building can be seen as essentially a new design concept with its ‘box within an enclosure’ 
structure. Nevertheless, the growing of semi-modern sao pu’u demonstrate people’s acceptance. The model has 
been able to fulfil the cultural requirement as well as its construction maintenance. There are however, a small 
number of people who strongly believe that they should maintain the tradition by building, rebuilding or 
reconstructing the traditional house.  
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ABSTRACT: The paper is an attempt to demonstrate the quality of new housing systems by illustrating 
examples and explaining the principles which make them successful. The paper illustrates case studies at 
Edgewater Estate (Maribyrnong) by Delfin/Lend Lease, City Edge Housing at Eastern Road in South 
Melbourne, the Mixed House Development on Cole Street in Williamstown, 205-211Highett Street in 
Richmond, ‘Knox Schlapp’ housing on Graham Street and Esplanade East in Port Melbourne, the ‘Edrington 
Park’ Retirement Village in Berwick, the Royal Gardens on 39 Palmer Street in Fitzroy, 9-29 University 
Street in Carlton and the Vermont Village situated at 457-467 Canterbury Road in Vermont. The greater 
influences in these housing projects are people’s desire for detached housing and their preferences for 
individual identity. 
 
The paper will then discuss the importance of the following factors: 

• Sense of security and local belonging 
• Roads and footpaths 
• Built form and hierarchy of spaces, Human Scale Factors 
• External environment, aspect and orientation 
• Ecological Design 
• Types of alternative sources 

 
The objective of the paper is to state the popularity of new housing in Melbourne looking at the case studies. 
It is more of an analytical rather then a research paper 
 
Conference Theme: “Challenge for architecture science in changing climates” 
Sub theme:  Human Issues, Social, Cultural, Economic, Thermal Comfort 
Keywords: Social, Cultural, Built Form, External Environment, Human Factors. 

 
 
INTRODUCTION 
Over three-quarters of the population of the Western world live in town and cities. Most live in housing which were 
built as a part of a group. The group may be along a street, around a cul-de-sac, designed in the form of a square, 
clustered on a hillside or even designed within one building. History, however, has also shown that grouped housing 
has been considerably influenced by social ideologies and by particular planning and design concepts. However, they 
initially developed in one or two countries to create the ideal human habitat, in the form of grouped housing, but have 
been influenced by factors beyond the control of the designers and the occupants. Of these factors, the lack of proper 
levels of financial investment and the manipulation of house building by national governments to suit political 
objectives have been amongst the strongest. The results are all too evident in most countries, but in recent years the 
approach to the design of grouped housing by architects has shown a new awareness of factors for good design in 
housing. (Comerio 1987) 
 
The influences that have brought about the new awareness are related to an increase in the general level of 
expectation by society at large. This concern is not just functional requirements of space, convenience, 
accommodation for the motor car, etc. – but also the level of esteem the housing represents for its occupants. Such 
expectations also mean that new grouped housing has considerable competition. In Melbourne, there is a wealth of 
second-hand housing, which is frequently more spacious than housing built today, and which is set in an environment 
that has matured over many years. As a practitioner, I have noticed that clients who are building in an area of high-
esteemed development will always want an individual built home which is unique and exclusive (i.e. architecturally 
designed). However, owning an individual house is not always realistic due to the rising costs of living and thus many 
people can only afford semi-detached housing as an alternative. The desire for single dwellings has nowhere 
expressed itself more vigorously than in the sprawling low density cities that have grown in Australia in the last 
century. 
 
In Melbourne, much of the land that has been identified by planners for new housing development exists in urban 
areas only. If need and land availability are to be balanced there must be a positive policy for investment in the 
revitalisation of the inner city which must be preferable to despoiling the countryside. 
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However, low-density housing forms in urban areas raise problems which are difficult to alleviate. Semi-detached 
houses are not often built in areas of developed infrastructure and amenities (i.e. transportation, schools and shops) 
and are therefore difficult to sell or rejuvenated into an acceptable housing type for the next purchaser.  Melbourne’s 
Property Guide review in ‘The Age’ newspaper written by Andrew Brasier states that:  

The pattern of layout and housing form is all too familiar: the land round the cul-de-sac road system is divided into more or 
less equal plots, each of which receives a box-like three-bedroom house separate garage. The road is often wide with 
kerbs, pavements and out-of-scale streetlights. The spaces between the buildings are secondary in every sense to the 
motor vehicle: no community is envisaged or planned for. This contrasts sharply with the traditional town or city street or 
square in which housing is inextricably mixed with shops, workshops and community buildings of all kinds. Here patterns 
of habitation reflect social relationships and the dependence of people on one another. The land take for low density 
housing can be enormous and, whilst the individual’s requirements may be met, it has a considerable effect on the 
community as a whole, as movement from home to work, school, shops, etc. becomes even more dependent upon the 
motor vehicle and the quality of the infrastructure of roads. (Brasier 2005:11-12) 
 

Whether it is more important to meet the desires and aspirations of the individuals, as opposed to those of the 
community as a whole is a much debated issue. What is clear in Australia is that the spread of low density housing 
into the countryside is taking up valuable agricultural land absorbing physical and financial resources which would be 
better if channelled into urban regeneration. It is to the credit of city authorities, developers and architects in 
Melbourne that this reality is now beginning to be expressed in programmes of new housing in inner urban location, 
on land formerly devoted to industrial and commercial uses. Architects have traditionally sought this ideal and 
opposed suburban sprawl 
 
ECOLOGICAL DESIGN 
The housing developments to be discussed in this paper have had some ecological design principles adopted. The 
key design principle is to create ‘sustainable’ development. This can be defined as development which meets present 
day needs without compromising the ability of future generations to achieve their needs (PRP Architects 2003:7). I 
believe Melbourne architects need to think of how new housing developments affect the air, water, soil, vegetation 
and people: an ecological approach means looking at a multitude of issues from energy use, waste, water run off, 
transport, to more significantly, green space. 
 
Greenspace can be incorporated into development in a number of ways: firstly through taking maximum advantage of 
existing open space, woodland, water or any other natural feature: secondly greenspace can be incorporated by 
creating new green areas: thirdly opportunities also exist in the spaces between the buildings and in the buildings 
themselves (Paxman 2003:8). These factors were considered as important generators for the design of housing 
projects discussed in the case studies. 
 
As a practitioner, I always look at the most practical use of material and sensible detailing when designing. 
Minimizing the use of hard surfaces, tarmac, concrete, etc. can achieve a high degree of local recycling of water and 
improve the permeability of the ground. Building products are selected on the basis of the replacement of the raw 
materials.  
 
INFILL DEVELOPMENT 
Since the mid 1970’s, there has been a significant switch from demolition and redevelopment of old residential areas 
to the refurbishment of older properties and the construction of new, sensitively designed housing on the small infill 
sites where clearance has taken place. New ‘street’ housing and town houses now abound in cities and towns from 
San Francisco to Sydney, Amsterdam and London to New York, as people move back to the urban lifestyle that living 
can now offer. The design principles that make these schemes successful are set out below. 

1. The development relates to the street pattern and the lines and heights of the existing buildings. The buildings themselves 
are usually close to the back edge of the pavement. Just as importantly, any spaces within the development resemble 
those which are familiar to the locality and to the people who already live there. 

2. The new architecture reflects – without necessarily copying – the existing character of the area. 
3. The density of development is similar to the building form of location in which the housing is built. (Farelly 1987) 

 
This principles help to create a sensitive balance between the public and private requirements of all residents. Most 
infill developments have small court yards within the project to provide quiet outdoor space for common use and yet 
these dwellings are designed to have an individual identity, achieved by the use of features such as projecting oriel 
windows, differing colours, materials and textures and even a variety of means of access from the street to front 
doors. 
 
PARTICIPATORY DESIGN METHODOLOGY 
Tom Woolley, community architect and Professor of Architecture at Queens University School of Architecture, 
Belfast, has studied dweller satisfaction in three tenant cooperatives and this has convinced him that architects have 
a lot to learn about the techniques of participatory design. In his community architecture paper, given at the Institute 
of Community Studies Housing Co-ops Research Seminar in 1986, he made the following point: 

User satisfaction was related more strongly to the degree of control which the clients exercised over the projects. In 
the most successful case…the tenants had taken the initiative, had control of the direction and the management on 
the project and were willing to take on and fight all comers to ensure a successful completion. This created a 
general sense of solidarity and common purpose among the cooperative members which I am convinced is 
reflected in higher levels of satisfaction. (Ward 1987:13) 
 

Woolley considers that, ‘the credit for the success of such projects should go much more to the clients and the way 
they organised themselves rather than to the architects in view of the limited nature of the design participation 
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activities’. He also makes the very important point that ‘architecture is not necessarily the central concern of a 
community group – the control, location or funding of the development, whether housing or community buildings, may 
be much more vital’. 
 
The process of participatory design of housing can be time consuming and far from easy. It is not, therefore, a cheap 
method of procuring housing. There is a particular problem in the early stages of a project when the feasibility of 
building the houses requires architectural input and there is no guarantee of the project proceeding. These problems 
were highlighted in The Architects’ Journal: 

First, the public costs of housing cooperative education to achieve full client participation must be seen as a sound 
investment in empowering local communities on regenerate and develop self –sustaining economies…second, the 
desperate need for effective coordination of government department activities must be a reality…third, the scale of 
pump priming public expenditure for feasibility studies and land reclamation must be recognised. The private sector 
cannot and will not risk such large resources up front (Architects’ Journal. March 1988:5) 
 

The case studies: The ‘Edrington Park’ Retirement Village in Berwick , the Mixed House Development in 
Williamstown and the Edgewater Estate in Maribyrnong all used the methods of participatory design where the 
end user had a large amount of input and contribution in the final outcome of the design. There are many 
aspects of design which were enhanced by this participation. These are explained in more detail in the 
housing project examples. 
 
OBJECTIVES & DESIGN PRINCIPLES 
The case studies illustrated in this paper have looked at the new challenge for architects and have produced highly 
imaginative design solutions. Not all the schemes illustrated in this paper may be liked by everybody but most of 
them adhere to some or all of the following principles, which should be adopted if a good design is to be achieved. 

1. They are either small in scale or designed to create a sense of security and local belonging. 
2. The roads and footpaths are not segregated from each other or from the buildings they serve. 
3. They are appropriate to the site. 
4. They relate to the surroundings in terms of the built form and the hierarchy of spaces created, whilst being of 

human scale and recognizable as such by the occupants. 
5. The image of the development compensates any loss of amenity tied to the attached nature of the dwelling. 
6. The amount and division of the space within the dwellings, and ancillary accommodation, relate to the 

particular pattern of living of the occupants; in addition, the spaces within the dwellings have been designed 
as pleasant, workable interiors and have been carefully made to complement the external environment, 
aspect, orientation, etc. 

7. The future residents have been involved in the design process in one form or another. 
 
The case studies to follow are from the suburban areas and inner city suburbs. They range from Carlton, Port 
Melbourne, Fitzroy, Richmond, Williamstown, South Melbourne and Maribyrnong; all within 5-10 kilometres of the 
Melbourne CBD. The outer suburb projects Berwick and Vermont are dealing with the Retirement Villages and 
grouped housing which deals with various aspects of participatory design and community involvement in housing. 
 
SUBURBAN MELBOURNE HOUSING PROJECTS (EXAMPLES) 
The City Edge Housing at Eastern Road, South Melbourne (Fig. 1) is designed by Daryl Jackson Evan Walker Pty Ltd 
and constructed by Breschi Constructions. These low-rise high-density flats and townhouses are alternatives to 
suburban houses or high-rise apartments. The development contains a variety of dwelling types. Mass is stacked to 
optimise the site limitations and orientations towards views and sunlight, balancing the competing demands for 
privacy and sociability. The result is an architecture of aggregation, with windows punched into walls separating 
dwelling and court, courts connecting gardens and footpaths, and footpaths leading to entrances. These hierarchies 
clarify function and what is communal. Landscape and streetscape were most carefully considered. Although it is an 
individual design, it still acknowledges the neighbouring nineteenth-century terrace houses with their front gardens, 
balconies and street colours. 
 
The Mixed House Development on Cole Street, Williamstown (Fig. 2) is designed by Williams & Boag Pty Ltd and 
constructed by Galvin Construction Group Pty Ltd. The long narrow site is parallel to a railway cutting on one side 
and to the backyards of a number of houses on the south. It has difficult access and was found to have very poor soil 
conditions in parts. A mix of one- and two-storey units are arranged along two culs-de-sac running along the site’s 
east-west axis. These meet in the middle at a common open space. At one end six older people’s units are grouped 
around their own courtyard. The single-storey units are located in the south of the site to avoid overlooking 
neighbouring properties, with the two-storey units in the north. The units are arranges diagonally on the block to give 
better orientation to the north and to break down the wall effect the buildings could otherwise have. The units are also 
designed to be sympathetic with adjacent buildings. Variations of unit configurations were built into the scheme and 
building materials common to the area were used. The colour scheme was devised to reflect the suburb’s seaside 
location. 
 
205-211Highett Street, Richmond (Fig. 3) is another one of Williams & Boag Pty Ltd designs and is constructed by 
John Dudley and Associates. The site is a rectangular area on the north side of Highett Street. It contains a single 
brick-veneer house on the south-west corner, leaving an L-shaped area for development. A frontage to the Rule 
Street at the northern boundary meant that all car-parking could be provided well away from the busy Highett Street. 
The nine units are arranged along a north-south pedestrian walkway running from Highett to Rule Streets. The 
walkway widens into a compact open space at the northern end. Car-parking, garbage bin enclosures and collection 
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points are located in an apron along this boundary. This site is organised so that all units connect with the walkway 
and/or public open space. Private open space is concealed in a discrete area behind each unit. Of the nine units, six 
are in terrace rows and three are semi-detached. Variation in the buildings was achieved by grouping common 
elements at different positions on building exteriors. Colour was used to distinguish each unit from its neighbour. 

 
‘Knox Schlapp’ housing on Graham Street and Esplanade East in Port Melbourne (Fig. 4) was designed by Peter 
Elliot Pty Ltd and constructed by G Breschi and Son Pty Ltd. ‘Knox Sclapp’ (the name of a former factory situated on 
the site) is a public housing project of 37 family dwellings. The buildings are situated around the perimeter of the 
block, producing a central court. They range in height from two to four storeys and have expressed gable roofs and 
polychrome brickwork. The perimeter block type of structure maintains both a public and street address and a more 
private inner court. This housing type is underused, yet it is valuable in the way it reinforces urban compactness and 
the traditional street pattern. It is a type of design mediating between the individual house and the high-rise 
apartment. The format of the accommodation pursues traditional Australian housing aspirations, albeit more 
compactly, with a front garden and entry door facing the public street, and a private service court at the rear opening 
onto the internal central court. 
 
The ‘Edrington Park’ Retirement Village in Berwick (Fig. 5) is designed by Clive Fredman and John Malina and 
constructed by Zig Inge Enterprises. The development commenced in 1990 and is situated on the historic Edrington 
Estate, once the home of the Chirnside and the Casey families. The Historic Buildings Council required the retention 
of Edrington House – which dates from 1906 – and two hectares of surrounding landscaped gardens. The house, 
now completely restored and air-conditioned, contains the village’s communal facilities. On over six hectares of 
elevated land surrounding the house and gardens are 153 dwellings situated in sixteen courts. The dwellings are 
grouped in pairs and have either two bedrooms, or two bedrooms and a study. Each has a separate title and is 
equipped with a 24-hour emergency call system. The village has a resident manager and a medical centre. The final 
stage of the development will contain the balance of the dwellings, thirty serviced apartments for a different level of 
resident occupancy, and a bowling green. 

 
The Royal Gardens on 39 Palmer Street, Fitzroy (Fig. 6) is designed by Neil Evans and Noel McKernan Pty Ltd and 
constructed by Palmer Street Developments. The scheme was developed around an internal open space area with 
rows of terraces fronting the existing streets and lanes. All the 76 units were designed to face two directions, so that 
they enjoyed a view of the inner garden while gaining valuable northern sun. It was important that the scheme related 
to the scale of the adjoining houses, hence the end-units have been made two-storey. The building is also designed 
to step back from the street as it climbs to a three-storey structure and then culminates in a four-storey central bay. 
Single-storey entry porches and protruding balconies help to break up the façade, resulting in an interesting structure 
with a residential feel to it. 
 
9-29 University Street in Carlton (Fig. 7) is designed by Ashton Raggatt McDougall Pty Ltd and constructed and 
developed by Caringal Constructions Pty Ltd. This project breaks away from the obvious development solution for the 
site, which are six or seven row houses. Instead it capitalises on the 6m wide lane at the rear to provide an integrated 
development of 12 units, each with street access, a secure garage, and entry from the garage direct to the unit. The 
front units are designed as two-storey townhouses or wide single-storey apartments, one above the other. The rear 
units are all two-storey townhouses, sitting over the car parks and utilising the (trafficable) roof of the front units for 
their private open space. The design also capitalises on the good northern views. While in its final form, the colours 
and materials have departed somewhat from the design, the result nevertheless indicates a highly acceptable way in 
which elevated densities can be achieved on tight blocks. A creative approach to the building regulations was also 
necessary to avoid the significant cost penalties which are associated with three-storey construction. 
 
The Vermont Village situated at 457-467 Canterbury Road, Vermont (Fig. 8) is another of Clive Fredman and John 
Manila’s works and is constructed by Elliot Enterprises. The village was the first development under the new Cluster 
Titles Act 1974 (now superseded by the Subdivision Act 1988), which provided for this form of housing to be built and 
sold in stages. The village consists of 92 dwellings of two, three and four bedrooms, of which 30 are two-storey. Car 
parking for visitors and residents is more than three cars per dwelling. All utility services are underground in 
easements specifically created for that reason. Communal facilities include a recreation centre, kitchen, sauna, 
heated pool and spa, tennis courts and children’s playground, all located on a private ring road. Vermont Village 
provides a pleasant garden environment for people of all age groups and family sizes, combining both private and 
communal living. The development, which was innovative at the time of its construction, is still regarded as a 
landmark in medium-density housing in Victoria. 
 
The Edgewater Estate by Delphin/Lend Lease is a project where a number of factors influenced the development of 
the whole estate and also the design of housing on the estate. The integration of the design from developers, urban 
planners, architects and individual residents were adhered to and greatly utilized in the development. There is a 
greater outcome when this type of participatory design is done correctly. Community cohesion seems to be the 
number one aspect of this estate. Figure 9 shows the development plan of the site as it will grow the next 2-4 years. 
There is a participatory role between clients, architecture and developer which is quite critical here leading towards a 
sustainable and practical solution to housing and medium density housing. Figure 10 and 11 shows the typical 
product the estate encourages and how the process helps for the satisfaction of both parties. 
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Figure 1: City Edge Housing, Eastern Road, South Melbourne 

 
 

 
Figure 2: Mixed Housing Development, Cole Street, Williamstown. 

 
 

 
Figure 3: 205-211 Highett Street, Richmond  

 
 

 
Figure 4: Knox Schlapp Housing, Port Melbourne 
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Figure 5: Edrington Park, Retirement Village, Berwick 

 
 

 
Figure 6: Royal Gardens, 39 Palmer Street, Fitzroy 

 
 

 
Figure 7: 9-29 University Street, Carlton 

 
 

 
Figure 8: Vermont Village, Vermont 
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Figure 9: The Overall Master Plan of Edgewater Maribyrnong 

 
 

 
Figure 10: Aerial photo of the Edgewater site and its relationship to the city of Melbourne 

 
 

 
Figure 11: Group Apartments and Warehouse Apartments in Edgewater 

 
 

CONCLUSION 
The architects who have designed these projects believe that the principles shaping their work are the establishment 
of public space, pedestrian scale and neighbourhood identity and are as applicable to centre city as to suburban 
conditions. The new theme that links these projects is the redesigning of the vast area in which most Australians now 
live, sprawled between the Metropolitan Center, which is emptying out, and the open countryside, which is rapidly 
being devoured. The major issue here is surely to do with reshaping that sprawl of automobile suburbia into 
communities that make sense. 
 
Western Culture has an increasing emphasis on freedom of expression, which places new demands on housing. 
Traditional nucleuses, (as some of these examples clearly show) are declining and new household patterns are 
emerging. Couples have fewer children and many more marriages end in divorce, leaving partners on their own or as 
lone parents. Many young people prefer to live on their own or share an accommodation with one or more people.  
 
The case studies illustrates that not only do people yearn for a sense of place but look at living in a suburb or a group 
housing project that gives a sense of built form, hierarchy of spaces and have a human scale. Sustainable Ecological 
Design principles become important for the future of these types of housing projects. Some of the essential features 
that are concluded from these case studies are: 

• Accessible location with good transport 
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• Location regarded as generally “sought after” 
• Generous internal space and storage 
• An adequate infrastructure of shops, schools and other amenities in the area 
• Good security arrangement 
• High standards of finish. The scheme must fit well into existing urban scale and street pattern 
• High quality building materials that will stand the test of time 
• Good communal facilities (PRP Architects 2003:8) 
 

The architect will still be required to conceive and realize physical environments for their creations. To do so 
architects have to utilise their fundamental disciplinary skill of design. They can respond to these issues through the 
high quality plan dispositions, spatial relationships, treatment of aspect and orientation or by proposing new and 
innovative forms for their arrangement. The future of housing lies in the hands of young designers who are able to 
analyse the strengths and weaknesses of previous generations whilst incorporating their skills and innovations into a 
successful design philosophy that produces quality homes. 
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ABSTRACT: International Standard ISO 13370 “Thermal performance of buildings — Heat transfer via 
the ground — Calculation methods” provides a method to calculate the R-value of a suspended floor. 
The method is a modification of a methodology first published in the CIBSE Environmental Design 
Guide A -1998. The thermal network that forms the basis of the CIBSE calculation includes radiative 
transfer between the suspended platform and the ground, conductive components and a sub-floor 
ventilation component. In the ISO 13370 methodology the surface resistance (the inverse of the 
combined convective and radiative co-efficient) is used as a proxy for the more explicit calculation (as 
is done in most building heat transfer calculations). This paper deals with the ventilation component of 
the ISO 13370 calculations. This component would seem to have its origins in an infiltration model 
developed during the late 1970s and early 1980s by Max Sherman and others at LBL. It is a single-
zone model that incorporates both stack and wind induced effects. This paper investigates whether this 
model can in fact be applied to sub-floors and shows how an “exact” formulation may be derived from 
first principles. 
 
Conference theme: Building and energy 
Keywords: ventilation, floors, dwellings, standards and regulations 
 
 

INTRODUCTION 
The energy-efficiency provisions into the Building Code of Australia (BCA 2006) for Class 1 and 10 buildings specify 
deemed-to-comply R-values for building elements. However no standard method to calculate these R-values exists in 
Australia. For many years the AIRAH Handbook (AIRAH 2000) has been accepted as a default standard, specifying 
assumptions for factors such as surface resistance values. However, when considering the R-value of suspended 
floors the AIRAH Handbook takes a simplified approach and deals only with the suspended platform, neglecting the 
complex radiation and convective heats flows that contribute to the actual performance of the floor construction. 
Dealing realistically with the heat flows is especially important when the resultant values are being used for the 
comparison of floor constructions which may have different driving stimuli, for example, comparing the performance 
of a suspended timber floor with a concrete slabs-on-ground floor. Accurate calculations at short time intervals (eg 1 
hour) can realistically be done only using computer methods.  Many such programs treat the sub-floor space as a 
building zone and model the heat flow from the internal zones of the building to a sub-floor zone.  This heat is then 
considered to flow partly to the ground, and partly, via walls and ventilation openings, to the outside. In the case of 
manual methods, a more sophisticated approach is necessary than the traditional one of summing values for the 
internal and external surface resistances and resistances of the floor components.  One method that allows for some 
elements of the complexity of the situation is found in the CIBSE Environmental Design Guide A prior to 1999 (CIBSE 
1998). Here the methodology simplifies all the storage and perimeter/sub-floor effects to an equivalent steady-state 
U-Value that is said to give reasonable predictions of heat losses in practice.  The calculation of the U-Value is based 
on the resistance network (see Figure 1 below) that includes the radiation exchange between underside of floor and 
ground surface together with ventilation and conduction heat flows.  A delta to star network transformation was 
employed to perform the calculations. 
 
International Standard ISO 13370 “Thermal performance of buildings — Heat transfer via the ground — Calculation 
methods” provides a method to calculate the R-value of a suspended floor.  Equation (6) of ISO 13370 (Eq 1 below) 

gives the thermal resistance (
U
1

) of a suspended floor as, 

UUUU xgf +
+=

111
      (1) 

where 
Uf is the thermal transmittance of suspended part of floor, in W/(m²·K) 
(between the internal environment and the underfloor space). The calculation of Uf includes the effect of any thermal 
bridging; 
Ug is the thermal transmittance for heat flow through the ground, in W/(m²·K); 
Ux is an equivalent thermal transmittance between the underfloor space and the outside accounting for 
heat flow through the walls of the underfloor space and by ventilation of the underfloor space, in W/(m²·K). 
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R g   thermal resistance of floor 
R r   equivalent thermal resistance due to radiation
R c   equivalent thermal resistance due to convect
R v   equivalent thermal resistance due to ventilatio
R e   thermal resistance of the earth 
R sw  thermal resistance of the sub-floor wall
t ao  outside air temperature 

FLOOR 

 
Figure 1: Thermal resistance network for heat flow through suspended floor 

 
Eq (1) is an approximation for the explicit heat flow network given in the CIBSE Guide. In the ISO methodology the 
surface resistance (the inverse of the combined convective and radiative co-efficient) is used as a proxy for the more 
specific calculation (as is done in most building heat transfer calculations). 
 
Further Ux, given by ISO-DIS-13770 equation (9) is the sum of the heat flow through sub-floor walls and a ventilation 
component, 
 

BvfBhUU wwx ′+′= /1450/2 ε      (2) 
where 
h is the height of the upper surface of the floor above external ground level, in m; 
Uw is the thermal transmittance of walls of the sub-floor space above ground level, in W/(m²·K), 
ε is the area of ventilation openings per perimeter length of under floor space, in m²/m; 
v is the average wind speed at 10 m height, in m/s; 
fw is a wind shielding factor. 

B’ is the “characteristic dimension” of the floor, defined as 
P

AB
2

1
=′  

where 
A is the ground floor area (m2) 
P is the exposed perimeter of the floor (m). 
 
The wind shielding factor relates the wind speed at 10 m height (assumed unobstructed) to that near ground level, 
allowing for the shielding by adjacent buildings, etc. Representative values from ISO 13370 are given in Table 1. 
 

Table 1:ISO-DIS-13770 ‘wind shielding factor’ (from Table 2, p11) 
Location Example fw

Sheltered City Centre 0.02 
Average Suburban 0.05 
Exposed Rural 0.10 

Note: These values can be reproduced using Eq (10) below with a height of 0.2m. 
 

This paper is concerned with examining the ventilation term in Eq. (2).  
 
VENTILATION IN ISO 13370 
Appendix E of ISO-DIS-13770 (eq. E.4, p26) gives the wind-driven ventilation rate Qw for naturally ventilated sub-floor 
spaces as, 
 

'59.0 PvfQ ww ε=   (m3/s),      (3) 
where 
0.59 is said to be a discharge coefficient, 
v' is the “design wind speed at 10 m height” (i.e. the weather tower wind speed at 10 m height in terrain category 2), 
fw is the shielding factor as shown in Table 1 above. 
 
The U-value implied by this flow rate, Uv, is given by Uv = ρQwcp/A. For calculations in the standard, Cp = 1000 
J/(kg·K) (at 10 °C) and ρ = 1.23 kg/m³ (at 10 °C and 100 kPa pressure) 
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Therefore, 
 

B
fv

A
fvP

U ww
v ′

′
=

×′×××××
=

εε 145023.1100059.0
,  (4) 

 
Correspondence between the authors and the Convenor of the ISO 13370 committee has confirmed that the factor 

 in Eq (4) was derived from the so called LBL Infiltration model. wf
 
LBL infiltration model, applied to sub-floor spaces 
The LBL model for infiltration, developed during the late 1970s and early 1980s by Max Sherman and others is widely 
recognised. It is a single-zone model that incorporates both stack and wind-induced effects intended to estimate the 
infiltration characteristics of a building envelope: only the wind-induced effects enter into the ISO formulation Eq (2). 
However, it is not clear if this model can in fact be applied to sub-floors. Assuming that it can, the flow rate due to 
wind only is given by Sherman (1980) as, 
 

'0vAfQ ww =        (5) 
 
where A0 = ELA (equivalent leakage area), v' is the weather tower wind speed, and  
 

( ) ( )
( ) ⎥

⎥
⎦

⎤

⎢
⎢
⎣

⎡
−= '

3
1

10/''
10/1' b

b

w
Ha
HaRCf ,     (6) 

 
where primed quantities refer to the weather tower site, unprimed quantities refer to the building site, C’ is a 
‘generalised shielding coefficient’, and R is the fraction of leakage in the floor and ceiling. For the purposes of 
calculating wind-driven flow through the sub-floor vents, we may take R = 0. 
 
If we further assume that the weather tower is in terrain category 2 (see Table 2 below), then a' = 1, H' = 10, and fw 
reduces to, 
 

b

w
HaCf ⎟
⎠
⎞

⎜
⎝
⎛=
10

' .       (7) 

 
H is the height of measurement of the wind speed to which the local pressure coefficients are referred.  
 
An explanation of the generalised shielding coefficient is found in Etheridge & Sandberg (1996) who say that as used 
by Sherman (1980) and Sherman & Grimsrud (1980) it “is a pressure coefficient with the internal pressure as 
reference. It can be roughly considered as half of the difference between the values of cp on the windward and 
leeward surfaces.” In a personal communication (May 2005) with Max Sherman he said “David Etheridge's 
explanation is essentially correct. Class I is "no shielding" but that means we use the pressure coefficients for an 
isolated structure, which I got from the literature.  I then derive the internal pressure coefficient necessary for 
conservation assuming an equal distribution of leakage and compute the coefficient. This was done for a range of 
aspect ratios and wind angles and averaged”. The literature referred to by Sherman is the data produced by Akins 
(1976). 
 
Values for a and b are given in Table 2, while values for C' as derived by Sherman are given in Table 3. 
 

Table 2: Terrain factors 
Terrain 

category Description 
a b 

1 Ocean or other body of water with at least 5km of unrestricted 
expanse 

1.30 0.10 

2 Flat terrain with some isolated obstacles, e.g. buildings or tress well 
separated from each other 

1.00 0.15 

3 Rural areas with low buildings, tree,. etc 0.85 0.20 
4 Urban, industrial or forest areas 0.67 0.25 
5 Centre of large city 0.47 0.35 

Source: Sherman 1980 
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Table 3: Shielding parameters 
Shielding class Description C' 

 
I No shielding 0.324 
II Light 0.285 
III Moderate 0.240 
IV Heavy 0.185 
V Very heavy 0.102 

Note: We have found in the literature two versions of values for C’. We 
understand that the original values as shown in this Table are ‘correct’ and 
that the other version is a result of a typographical error. 

 
The values of C', for classes II-V shown in Table 3 were obtained by Sherman from the Class I value as follows: take 
one-tenth of the square of the Class I value, and set this to be the square of Class V value. Obtain the squares of the 
values for the other classes by linear interpolation. But as Sherman has stated, “this was quite arbitrary on my part.” 
(personal communication May 2005) 
 
As explained, below in Sherman’s conception, the terrain category (and therefore wind speed profile) for a given 
building is directly tied to the shielding class. 
 
For sub-floor walls with evenly spaced vents, the ELA may be determined as, 
 

εPCA d=0 ,       (8) 
where 
Cd is a discharge coefficient 
ε is the area of ventilation opening per perimeter length (m2/m of sub-floor wall), 
P is the perimeter. 
 
Thus 

'59.0'
10

' PvfvHPaCCQ w

b

dw εε =⎟
⎠
⎞

⎜
⎝
⎛= ,    (9) 

where  is defined as in Eq (7). f w
 
THE AKINS DATA 
In the mid 1970s Robert Akins at Colorado State University conducted a large series of wind tunnel tests to 
determine wind loading on structures. The wind tunnel studies consisted of a series of model flat-roofed rectangular 
‘buildings’ of varying geometries immersed in four turbulent boundary layers simulating typical flow conditions. The 
‘buildings’ comprised three side ratios(width/length - 1.0, 0.5, 0.25) and aspect ratios (height/width) in the range 1.0 to 
8.0. Descriptions of the boundary layers used by Akins are shown in Table 4. 
 

Table 4: Akins Boundary Layer Details  
Boundary Layer Power-Law Exponent 

(see Eq 12 below) 
Terrain Description 

1 0.12 Level surfaces with very small 
surface obstructions, 
grassland 

2 0.26 Rolling or level surface broken 
by numerous obstructions 
such as trees or small 
buildings 

3 0.34 Heterogenous surfaces with 
structures larger than one 
storey 

4 0.36 Heavily built up suburban 
area, typical of metropolitan 
area 

Source: (Akins 1976, p116) 
 
Akins presented his data generally in terms of local pressure coefficients that is, based upon the velocity at the height 
of the measurement location. This local pressure coefficient had the advantage of being independent of boundary 
layer and height of building. Local pressure coefficients  are reported averaged for different aspect ratios and 
boundary layers over a surface grid. Data are presented for wind approach angles 0,20,40,70 and 90 degrees (Akins 
1976 p254-260). 

CPmean

 
The local pressure coefficients reported by Akins may be transformed to a pressure coefficient related to the 
approach wind speed at the height of the building (flat roof level) by the power-law expression Eq (10) (Grosso 1992). 
Note the exponent term is the same as the b term in Eq (9) above. 
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From this expression the surface pressure coefficient Cp at a location with reference wind velocity at zref  (local wind 
speed at height h) and velocity profile exponent b, may be transformed to a new value Cp’ referenced to z’ref (height 
of structure H). Where the transformation applies to different heights this reduces to, 
 

}){(
2

' b
H
hCpCp =       (11) 

 
Eq (11) is used to convert Akins local pressure coefficients to pressure coefficients at roof level as adopted by 
Sherman in the LBL infiltration model. 
 
‘FIRST PRINCIPLES’ MODEL 
For a single zone with several openings, each with area Ai, the flow rate at opening i is given by 
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2

1

pIpi

pIpi
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cc

cc
vACQ

−

−
= ,     (12) 

 
where v is the wind speed at the reference height, cpi is the appropriate external pressure coefficient at opening i, and 
cpI is the unknown internal pressure coefficient, given by 
 

2
2

v
pc I

pI ρ
=        (13) 

 
where pI is the internal pressure. A positive value of Qi indicates inflow. The total flow Qw is obtained by summing all 
positive values of Qi.. Thus 
 

∑ −=
positive

pIpiidw ccAvCQ 2
1

.     (14) 

The wind speed at a reference height H is related to the wind tower speed v’ by 
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b
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⎛= .       (15) 

 
assuming the tower is 10 m high. Therefore 
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Equation (16) can now be directly compared with Eq (9). Thus the shielding coefficient implied by Eq (16) is given by 
 

∑
−
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ε

2
1

.     (17) 

 
A value of C’ according to Eq (17) averaged over a range of side ratios and wind directions may be calculated and 
compare with Sherman’s results. 
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CONFIRMATION OF SHERMAN RESULTS 
Sherman (1980 p185) explains his method for calculating the ‘Generalised Shielding Coefficient’. While explanations 
of this coefficient are given above, essentially they represent the internal pressure coefficient to produce a balanced 
mass flow, averaged over all wind directions (0-180deg) and side ratios in the range 1.0, 0.5 and 0.25. Each 
coefficient corresponds to a particular velocity profile (or boundary layer). While at the time Sherman may have 
struggled to perform the necessary calculations, an Excel spreadsheet can easily be set up to carry out the many 
computations, using the original Akins data. For R in the range 0 to 0.5 and boundary layer 1 (b=0.12) the 
relationship C’’= 0.331 (1-R)0.3324  may be derived. When this is linearised using the exponent 1/3 we get C’’= 
0.327(1-R)1/3 which closely matches Sherman’s value. The maximum introduced error is 6% with a correlation 
R2=0.9. 
 
While Sherman calculated the Shielding Coefficients for Classes II to V as described above, it appears these may 
also be calculated directly for each shielding class by “scaling” the pressure coefficient to account for the terrain 
constant a relative to Class I. Equation (18) gives the “scaled” pressure coefficient. 
 

})({ ''
2b

H
h

a
aCpCp =       (18) 

where 
a is the terrain constant in Class I, equal to 1.3 
a’ is the terrain constant in the appropriate class, see Table 2. 
 
Table 5 shows the calculated Shielding coefficients, which may be compared with the Sherman results in Table 3. 
 

Table 5: Shielding Coefficients Directly Calculated 
Shielding Class 

(Boundary Layer) 
C ′′  

I 0.327 
II 0.240 
III 0.196 
IV 0.142 
V 0.095 

 
As a digression, calculating shielding class I employing the Swami and Chandra low-rise version of their formulation  
to determine the pressure on building faces with Cp at zero incidence derived from the Akins data of 0.76 and using 
Eq (17) summed over the range of wind directions and aspect ratios, yields C’=0.322. (Swami and Chandra 1988) 
 
LBL MODEL APPLIED TO SUB-FLOOR VENTILATION 
The previous section shows that with a reasonable degree of accuracy the Sherman Shielding Coefficient for 
Boundary Layer I can be replicated.  However, it is clear from Sherman (1980) that the method used by ISO to derive 
the sub-floor ventilation rates via the Sherman expressions is not correct. There appear to be three errors or 
misconceptions in ISO’s application of Sherman’s model to air flow through sub-floor vents. 

 
1) Because Sherman was developing a model for infiltration in rooms, the pressure coefficients used by him 

(taken from Akins) to derive his shielding factors C’ are average pressure coefficients over the wall surface, 
and it is uncertain how such surface-averaged pressure coefficients relate to pressure coefficients towards 
the bottom of a wall where vents are located. Examining Figures 2 and 3 below we might suspect the latter 
are lower but the combined effect over the range of wind directions and side ratios is less clear. 

2) The pressure coefficients used in the Sherman formulation are referenced to wind at the ceiling height of the 

building. That is, in the expression ( )bw HaCf 10/'= , H should therefore be the ceiling height of the 
building (or more correctly the building height assuming a flat roof) and not the vent height. This has been 
confirmed by Sherman who said “The pressures on each face are induced by the house/crawlspace 
together--so the right height to use is the height of the house not the height of crawlspace.” (personal 
correspondence May 2005). Therefore accepting Sherman’s Generalised Shielding Coefficients but 
correcting for the roof level as the correct reference height the Wind Shielding Factors should be as shown 
in Table 6. 

 
Table 6: ‘Wind Shielding Factors’ for sub-floor vent calculations 

Location Example fw
Sheltered City Centre 0.03 
Average Suburban 0.10 
Exposed Rural 0.16 

 
3) The discharge coefficient employed in the ISO formulation, that is 0.59, approximates to that of a square 

edged orifice and is unlikely to represent realistic flow through a sub-floor ventilator. Possible blockages by 
debris, spider webs, etc should be taken into account. In an attempt to account for sub-floor vents that may 
become partially blocked over time the standard discharge coefficient of 0.6 is multiplied by 0.7. 
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Figure 2: Average Pressure Coefficients at Height z/h (Referenced to Wind Speed at Height of Building) 
Source of data: Akins (1976) 

 

 
Wind Angle 0deg, Side Ratio 1:1, Terrain Class I  

 

 
Wind Angle 0deg, Side Ratio 1:1, Terrain Class IV  

Figure 3: Pressure Coefficient Contours (Referenced to Wind Speed at Height of Building) 
Source of data: Akins (1976) 

 
Applying the same method for calculating the Shielding Coefficients for average wind pressure over the whole 
surface we may calculate the Shielding Coefficients that apply in the region of the sub-floor ventilators. For example, 
if the height of the building is nominally 3m and the sub-floor vents are at 300mm, then the appropriate height would 
be 0.1H. Table 7 shows vent height Generalised Shielding Coefficients, where the C ′  values for shielding classes II-
V are scaled using Sherman’s explanation above (see text after Table 3), and the C ′′  values are directly calculated. 

 
Table 7: Generalised Shielding Coefficients at Vent Height h=0.1H, R=0 

Shielding Class 
(Boundary Layer) 

C ′  C ′′  

I 0.359 0.359 
II 0.316 0.246 
III 0.266 0.192 
IV 0.205 0.128 
V 0.113 0.073 

 
Combining these coefficients with wind speed calculated at a height of 3m corresponding to the eaves height of the 
building then the new Windspeed Shielding Factors, calculated as ISO 13370 with the following coupled terrain and 
shielding combinations, Sheltered: T5/V, Average: T4/IV, Exposed: T3/III are shown in Table 8. 
 

Table 8: New ‘Wind Shielding Factors’ for sub-floor vent calculations 
Location Example f w′  f w′′  

Sheltered City Centre 0.03 0.02 
Average Suburban 0.10 0.06 
Exposed Rural 0.18 0.13 
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These values would be used in conjunction with either Eq (4) where “maximum” ventilation rates are important or Eq 
(19) if blockage of vents were to be taken into account. 
 

B
fv

U w
v ′

′′
=

ε1033
       (19) 

 
(Note : Eq (19) is determined as Eq (4) but taking Cd = 0.6 and a blockage factor = 0.7) 
 
CONCLUSIONS 
This paper has examined the ventilation component inherent in the ISO 13370 methodology for calculating the overall 
R-value of a suspended floor. The ventilation component based on Sherman’s LBL infiltration method is shown to 
have at least three shortcomings when applied to estimating ventilation in sub-floor spaces. 
 
The suspended floor R-value for a standard construction calculated with “correct” formulation can be up to 15% 
higher compared with the value calculated when adopting the ISO 13370 numbers. This has significant implications 
when regulatory authorities set minimum construction specifications. 
 
The nature of science is concerned with objective knowledge and describing this knowledge in terms of laws and 
theories, but often the way in which the results are applied receives little attention. The principle of evidence-based 
regulation applied in the building/construction realm demands that scientific models such as the ISO 13370 
ventilation model are validated by full scale case-studies against stated objectives. While this principle continues to 
be ignored design decision-making informed by building science will be the poorer. 
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ABSTRACT: The processes of modernization and globalization unfolding throughout South-East Asia 
reveal a concerted push to use masonry construction technologies in the housing market. This is in 
part due to desires to engage with imported ideologies but pragmatic issues such as the effects of 
deforestation make this trend all the more apparent. This paper critiques the use of masonry 
construction technologies in tropical climates and addresses relationships between construction 
technology and thermal comfort. Users have typically described non air-conditioned masonry houses 
as hotter than traditional lightweight timber houses during the day and difficult to cool – particularly at 
night. However existing literature suggests that masonry houses would be cooler than lightweight 
houses in the early morning due to time lag effects. This paper introduces a pilot study that uses 
comparative temperature measurements to evaluate these claims. It challenges the claims made in the 
literature by revealing that lightweight timber houses perform more effectively than masonry houses 
throughout both the day and night with the highest difference being in the hours when the house is 
used for sleeping. It goes on to argue the case for alternate lightweight construction materials with 
similar properties to timber and outlines the advantages of housing systems based on fibre-cement 
wall panels. 
 
Conference theme: Construction and materials 
Keywords: Tropical architecture, lightweight construction, thermal comfort, fibre-cement 
 
 

INTRODUCTION 
Contemporary development processes in South-East Asia reshape the ways tropical houses are imagined and 
conceived by their owners. Traditional practices, self-build and incremental construction techniques and lightweight 
construction technologies are being neglected in favour of techniques that are seen as being more ‘efficient’ or 
‘modern’. This type of transformation has technical and cultural implications, occurs in urban, suburban and rural 
areas, and has an impact on the region’s future development. This paper concentrates on the effect upon thermal 
comfort when imported models supersede traditional housing systems in rural areas. 
 
Depending on the country concerned there have been varied degrees of engagement with new housing materials. 
The countries with closer connections with other industrialised nations have adapted these new technologies more 
readily – most notably Singapore, Thailand and Malaysia. Other countries lag behind – Cambodia, Laos, Burma, and 
the remote Indonesian islands – while most others sit somewhere between. However it is the rural areas that have 
had the least amount of change to the housing culture and generally this has been occurring only within the last ten 
years – if at all. This change from lightweight ‘natural’ materials and post and beam construction systems has 
heralded the introduction of load bearing walls based on masonry technologies. While masonry has been a dominant 
material in the urban fabric of these nations for two centuries – brought by European and Chinese traders – it has 
rarely made its way to the housing systems in rural areas. However this is no longer the case and there are two main 
reasons why this is so. 
 
The first issue is of a pragmatic nature and is centred upon the effects of deforestation. South-East Asia’s forests are 
threatened by industrialization, overpopulation and corruption (Dauvergne, 1997; Global Witness, 2002). The Food 
and Agriculture Organization of the United Nations (FAO) reported that Indonesia and Malaysia were losing forest 
cover at six times the global average. Burma was worse at seven times, whilst Thailand and Cambodia lost forest 
cover at three times the global average (FAO 2001). The Bangkok Post has reported that the illegal logging industry 
continues despite the government’s 1989 moratorium (Bangkok Post, 1 October 1998). Australian newspapers have 
reported that a retired Thai Prime Minister was implicated along with the Cambodian Government in the illegal 
logging trade (The Age, 24 January 1997). Another suggested that the Cambodian forests would be commercially 
exhausted within five years and there was little hope for sustainable forest industries (The Australian, 9 June 1999). 
Attempts to regulate the timber trade have repeatedly failed to make South-East Asia’s timber industry sustainable. 
The net effect is that timber is unaffordable for the rural poor. 
 
The second issue concerns the introduction of new ideologies – in particular the changing aspirations of people in 
these rural communities. Whereas the people living in rural communities might have once been satisfied with their 
modest house constructed from timber, bamboo and thatch they are now exposed to images of suburban houses in 
two main ways. Firstly patterns of migration mean that rice farmers travel to city areas when planting and harvesting 
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are complete. Here they work as taxi drivers, as construction and as factory workers or bar girls and are exposed to 
new lifestyles based on consumption and status. Secondly the television acts as a conduit between city and rural 
lifestyles. Popular television soap operas are commonly set in lavishly decorated houses with generously 
proportioned spaces, Grecian columns and marble statues (Hamilton 1992). This pattern holds true throughout 
South-East Asia – even in the poorest regions the population has access to televisions, and the soap operas and 
dramas are frequently the most popular forms of family entertainment. Desirable lifestyles, images of modernity and 
the cult of celebrity are enmeshed with specific house types and then packaged as symbols of status. Consequently 
the rural poor have begun to identify with the lifestyles of the upper and middle classes and use these to help 
redefine their own aspirations (O’Brien 2005). While it is difficult to demonstrate a clear causal link, changes to 
housing types in rural South-East Asia have coincided with the proliferation of television and it seems pertinent to 
investigate how images of ‘modern’ housing might be reinterpreted in rural locations. 
 
As the existing vernacular housing stock reaches the end of its lifespan new construction techniques must emerge. 
Migration and the images seen on television offer rural residents a clear opportunity to engage with new housing 
types – albeit on a more modest budget. However it remains to be seen if the rural poor are getting value from their 
masonry houses. Do these houses provide the same levels of comfort as attributed to the traditional timber houses? 
Are other construction materials more suitable? This paper addresses these questions by first discussing the 
attributes of the traditional vernacular house and making comparisons with the common non air-conditioned masonry 
varieties now becoming commonplace in rural areas of South-East Asia. It then goes on to outline some alternate 
materials and construction systems, based on lightweight technologies, that connect more closely with tropical 
climates. 
 
1. THE TRADITIONAL LIGHTWEIGHT VERNACULAR 
The development of the lightweight tropical house in rural areas of South-East Asia has been well documented 
(Oliver 1997, Chaichongrak et al 2002, Waterson 1997, Dumarcay 1985, Gibbs 1987, Dall 1982, Srisuro 1995). With 
minor exceptions timber posts and beams were embedded in the earth in a modular formation to define the outline of 
the house. A series of timber beams were attached to these posts to form a frame that in turn supported the floor and 
roof. Infill walls were prefabricated and attached to the frame – poorer families built their panels with woven bamboo 
or grasses and wealthier families commonly used timber. Roof materials could include leaves or grasses while 
wealthier families used small interlocking clay tiles (Fig. 1). 
 

 
Figure 1: South-East Asian tropical houses – Four types 

A: Peninsula Malaysia. B: Aceh, Indonesia. C: East Java, Indonesia. D: Isaan, Thailand. 
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Most of the literature discussing South-East Asian housing has emerged from a predominantly descriptive taxonomy 
concentrating on the vernacular timber housing of the region’s most wealthy areas. Wealthier regions have 
traditionally been seen to demonstrate the pinnacle of the tropical style whilst the housing (and to a degree the 
culture in general) of the poorest regions tends to be marginalized by scholars. The marginalization of the poorest 
community’s housing culture is further compounded by the simplicity of analysis that typically concerns itself with 
describing traditional uses, construction technologies, materials and forms. Oliver (1997) adds to this material by 
briefly comparing regional differences between the houses in Thailand, Indonesia, Malaysia, Cambodia and Laos 
without speaking more broadly of housing culture. The consensus reveals that lightweight construction technologies 
enabled houses to be built quickly; houses could be easily extended if the family’s fortunes increased or enlarged to 
reflect the owner's status. Timber houses were carefully designed to suit the hot and wet climate – sleeping spaces 
were raised above the ground to catch cooling breezes and during the day the undercroft below the house was used 
as the main living area. 
 
As outlined in the introductory section, a series of factors have worked to reshape traditional patterns of construction. 
Deforestation and changing household aspirations have introduced new construction technologies and production 
methods. The lifespan of timber houses is somewhere between 25 and 40 years but it is no longer possible to view 
them as viable solutions to the housing needs of rural communities. Despite talk of the need to establish sustainable 
timber industries in the region there have been no gains in this area and consequently there is no access to 
renewable timber supplies. Hence masonry construction technologies and industrialised construction processes have 
become widespread. 
 
2. THE MADNESS OF MASONRY  
In the main it has been masonry technologies – concrete and brick – that have proven to be the most popular 
alternative construction material. Masonry constructions have been historically linked with the elites of South-East 
Asian society and were traditionally reserved for palaces, public buildings, shop houses and religious structures. 
Hence they were connected with high levels of status. Paradoxically the poor and middle classes are becoming 
increasingly dependant on masonry construction as timber prices escalate and it is the elites who consider using 
timber today. In rural areas the common construction technique uses reinforced concrete frames and concrete block 
or brick infill panels between columns. The floors are typically concrete slabs and the roof is commonly steel framed 
with sheets of corrugated iron or asbestos cement (Fig. 2). In the rural areas these houses are rarely air-conditioned 
because of the high purchase and running costs of the unit. 
 

 
 Source: (Author 2006) 

Figure 2: Masonry houses in the typical village 
 
Visitors to South-East Asian villages cannot fail to make comparisons between masonry and traditional timber 
houses. Masonry houses can appear to be a poor substitute to the traditional models on both aesthetic and practical 
grounds. Whilst aesthetics are hard to value, particularly across cultural borders, the practicalities of this new type of 
housing can be measured in various ways. This section has been based on research undertaken by the author in 
Thailand between 1999 and 2005 including interviews, observation, physical trace analysis, photographic surveys 
and spatial syntax analysis. Much of this work has been based at Ban Rai Kok village – a settlement 250 kilometres 
from Bangkok covering eighteen hectares and ninety-two houses, seventy outbuildings, three shops, one food stall 
and a series of community buildings. This village is typical of the villages in a region that includes the rural parts of 
northern and northeastern Thailand and parts of Cambodia and Laos. Here the housing culture is not framed within 
political boundaries as much as it is by the shared lifestyles, economies, food, religion and social networks of the 
people living within the Mekong River basin. Like the many thousands of villages in these regions this is a poor 
community based on a mix of farming and factory economies. 
 
The research revealed that residents have begun to adopt masonry construction techniques as they build new 
houses but that some disquiet remains about masonry as the primary construction material. Interviews reveal that on 
the one hand masonry houses have traditionally been recognised as symbols of wealth and status, but on the other 
there is no contemporary alternative due to the lack of affordable timber. The two main criticisms that came out of the 
interviews are that masonry houses are hotter than timber alternatives and that masonry construction is used to build 
houses that frequently diminish community life. Issues regarding community life have been addressed in previous 
research undertaken by the author (O’Brien 2004) and this paper focuses on the issue of thermal comfort. 
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Despite the resident’s capacity to adapt to new technologies there is unease at the way user comfort has been 
diminished by the widespread adoption of the masonry bungalow type. During a series of open-ended interviews 
conducted in a variety of villages in northeastern Thailand many residents complained that masonry houses are too 
hot and unfavourable comparisons were typically made with the perceived ‘comfort’ of timber houses. In part this 
could be rationalised as a lingering sense of nostalgia that might favour traditional forms of housing and the 
recognition that they suit the local culture and climate. However any sense of nostalgia must be countered with direct 
and persistent claims by a number of respondents that masonry houses perform less well than the timber varieties. 
 
A pilot research project was initiated to test the claim that timber houses respond to the tropical climate more 
effectively by maintaining lower internal temperatures that the masonry alternatives. A series of four comparative 
tests were undertaken where temperatures were logged in both masonry and timber houses. Figure 3 and Figure 4 
show two of the four tests and compare temperatures inside typical timber houses with typical masonry houses. The 
remaining two tests share similar profiles to those in Figure 3 and Figure 4. Figure 3 is based on two houses in 
northern Thailand while Figure 4 is based on two houses in northeastern Thailand. The timber houses were 
constructed with walls made from twelve millimetre thick hardwood timber planks and these planks had aged to a 
deep grey/brown colour. The masonry houses had walls of standard one hundred millimetre concrete block and a 
white paint finish. None of the rooms were air-conditioned and all relied solely on cross-ventilation and electric fans 
for cooling. All rooms were well cross-ventilation with similar sized open windows on two opposing sides of the room. 
All windows remained open during the period when the measurements were taken. The rooms were similar in size – 
approximately 6 x 6 metres square. 
 
The internal temperature measurements were recorded at five-minute intervals over a three-day period in early July 
(Figure 3) or early September (Figure 4) using two ‘Tinytag’ temperature recorders – one in each of the houses. 
Outdoor measurements were not recorded due to the limited number of temperature recorders and the primary aim to 
compare the interior temperatures of both timber and masonry houses. For Figure 3 the recording devices were 
located in the southeastern corners of the room one metre from the floor and half a metre from the walls. Both rooms 
had two occupants during the night and so produced comparative live heating loads. For Figure 4 the recording 
devices were located in the center of the room two metres from the floor. The masonry house had two occupants 
while the timber house had four occupants. The shaded section of Figure 4 records a period of unseasonally heavy 
rain and the recorded temperatures are expected to be lower than average as a result. As a general rule in the 
tropics there are many months around April where the maximum daily average is 36 degrees celcius (minimum 25) 
while December has the maximum daily average of 29 degrees celcius (minimum 22). The periods tested in this 
project offered the opportunity to measure months with median temperatures. 
 

 
 Source: (Author 2005) 

Figure 3: A comparison of temperatures inside typical northern Thai masonry and timber houses 
 
Figure 3 and Figure 4 reveal the differences between the internal temperatures inside both masonry and timber 
houses in northern and northeastern Thailand. They show that masonry houses are hotter than timber houses 
throughout both the day and night. The difference is greater during the evening and at night as opposed to the period 
during the morning. This is the period when the residents of timber houses experience the greatest benefits over 
those in masonry houses and comes during the time when they are likely to be inside the house rather than the 
period when they are at work outside the house. Correspondingly the most disadvantageous time to be inside a 
masonry house is when the resident is inside during the evening or at night when they are asleep. Figure 3 shows 
that on average timber houses are between 2 to 2.5 degrees celcius cooler in the hours between 6pm and 6am, 
when they are most heavily occupied, and one degree cooler between 6am and 6pm. The difference is anticipated to 
be proportionally lower during the cooler months and proportionally higher during the hotter months. 
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 Source: (Author 2005) 

Figure 4: A comparison of temperatures inside typical northeastern Thai masonry and timber houses 
 
Broadly speaking these results follow patterns outlined by Anderson in the seminal text Solar Energy: Fundamentals 
in Building Design (Anderson 1977). Anderson (Fig. 5) plots the temperatures inside both lightweight and mass 
buildings against time and reveals temperature gradients fluctuating according to time. Temperatures inside 
lightweight buildings are sometimes higher than temperatures inside mass buildings and his rationale is that 
lightweight buildings respond more rapidly to changes in outdoor temperatures while mass buildings tend to maintain 
their temperature over a longer period of time. The more even temperature profile generated within mass buildings is 
because thermal mass and ground coupling provide both dampening and time-lag effects which reduce the amplitude 
of the temperature variations and delay their effects by several hours. 
 

 
 Source: (Adapted by the author from Anderson 1977) 

Figure 5: A comparison of temperatures inside lightweight and mass buildings 
 
Comparisons between the two studies are revealing and the usefulness of this study is that it demonstrates some 
clear differences to Anderson’s model. In particular it calls into question the assertion that there are periods of the 
day when temperatures inside lightweight buildings are higher than temperatures inside mass buildings. The author’s 
results show that lightweight (timber) houses always remain cooler than the mass (masonry) houses. The difference 
between these results could be explained by the locations of these two studies. Anderson’s study is in North America 
– a temperate zone that has high differentiation between seasons, high differentiation between daytime and night-
time temperatures and consequently high diurnal swings. By contrast the author’s study is in the tropics where 
seasonal differences are less significant, average maximum daily outdoor air temperatures are 33 degrees celcius, 
temperatures rarely dip below 25 degrees celcius during the night and where diurnal swings are low. It is possible 
that the consistently high temperatures in tropical zones affects the performance of the construction materials – for 
example consistently high temperatures do not allow the mass buildings to cool down enough to enable internal 
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temperatures to reduce to the comparable levels of the lightweight alternatives. A more extensive comparative study 
will be undertaken in the near future to test this hypothesis. 
 
Another relevant study Effect of Envelope Colour and Thermal Mass on Indoor Temperatures in Hot Humid Climate 
suggests that building orientation, colour and construction materials combine to affect thermal performance (Cheng et 
al 2005). Their methodology utilised a series of cubic test ‘cells’ – with sides up to 1.5 metres – raised 0.8 metres 
from the roof of a seven-storey building at the Chinese University of Hong Kong. The walls of their test cells were 
made from composite panels of 20mm plywood and 25mm Styrofoam interior thermal insulation. Their first 
experiment tested the effect of envelope colour on internal air temperature. Results showed that the maximum air 
temperatures inside the white painted cell were 12 degrees celcius lower than in the black painted cell but differences 
in minimum temperatures (during night time) were negligible. Hence the darker the colour the higher the potential 
maximum internal temperature and the higher the diurnal swings. Their second experiment is more useful to this 
research project in that it compared results when another layer was introduced to the composite panels forming the 
test cell – in effect further insulating the cell. The third layer was formed from 90mm thick concrete brick and turned 
the test cell into a ‘mass’ walled structure. As expected two significant points are worth noting, firstly the added 
thermal mass had the effect of further suppressing the diurnal swing as compared with the lightweight cell – there 
were lower maximum temperatures and higher minimum temperatures – and the diurnal swing was halved. Secondly 
the peak temperature in the mass cell was delayed by four hours which enabled periods of time in the morning when 
the temperature inside the mass cell would be lower than in a lightweight cell. This would allow a temperature/time 
profile to be plotted where it would be possible for periods of the day to be cooler inside a mass building. 
 
Results of the current project appear to contradict the results of the two published research projects. Aside from the 
inevitable errors that come from the author’s methodology (principally the difficulty of comparing a series of houses 
identical in every way aside from being constructed from either lightweight or mass materials) there are various 
combinations of factors that could drive these differences. Firstly there is no clear case why Anderson’s results must 
be directly applicable to a study of temperature/time profiles in various house types in tropical locations. Secondly 
Anderson’s results were generated in North America where high diurnal swings are the norm as compared with the 
author’s results obtained in northern and northeastern Thailand where lower diurnal swings are the norm. Given the 
lower diurnal swings in tropical regions it would appear likely that the capacity for houses to dissipate heat during the 
night is significantly diminished and higher heat loads are likely to be maintained over a longer period of time.  
 
Thirdly Cheng’s results (and possibly Anderson’s) do not take into account the link between technology and house 
form – they are theoretical models rather than ‘actual’ models. By contrast the author’s measurements were taken 
with actual houses and so reflect the role played by the style of the housing. Lightweight houses are raised off the 
ground on stilts with the living/sleeping spaces – and temperature measurements – taken at first floor level. By 
contrast the mass houses are built with the slab directly on the ground as it is technically difficult, and particularly 
expensive, to build mass houses on stilts. Therefore lightweight and mass houses have different typologies and the 
role their style plays on thermal performance is important. This is particularly relevant as masonry houses have a 
stronger connection to the earth and less capacity to dissipate heat to the air. Alternatively timber houses are raised 
high on stilts, have increased air-flow around and under the house (improved cross-ventilation) and consequently 
have greater capacity to shed their heat to the air. This leads onto one of the limitations of Cheng’s methodology 
where the mass cell was raised 0.8 metres from the ground. In a ‘real-life’ situation this structural system would be 
impractical and the claimed benefits of mass construction are likely to be somewhat diminished as the amount of air-
flow would be diminished. Finally Cheng’s results were based on a closed system – the 400mm x 400mm openings 
built into the opposing sides of the cells were not open during their experiment. It is highly likely that the time lag 
effects recorded would not be so significant if this closed system was opened or once the effects of any cross-
ventilation were included. 
 
While theoretical models have their place it is also important to test actual situations even if all variables cannot be 
fully controlled. In this case the value of Anderson and Cheng’s results as a determinant of real-life conditions in 
tropical locations can be called into question – particularly the notion that thermal mass might be used to deliver 
higher levels of thermal comfort.  
 
3. THE LIGHTWEIGHT ALTERNATIVE 
The previous section makes the case that lightweight construction materials are better suited to tropical climates than 
mass materials as they can be used to maintain lower internal temperatures. Figure 3 revealed that they remain 
between 2 and 2.5 degrees celsius cooler during the evening and night – the key period when the houses are being 
used. However timber is no longer available as a contemporary lightweight construction material because of the 
effects of deforestation and that there has been no attempt to formulate sustainable forestry industries. This paper is 
part of a larger project making the claim that fibre-cement planks or panels are a suitable alternate construction 
material to timber and masonry. There are five areas where the advantages are particularly strong. 
 
3.1. Physical properties 
Fibre-cement panels have similar thermal properties and physical characteristics to timber boards. Both are 
lightweight materials that can be cut into planks or formed into panels and used as a cladding material. As such it can 
work in the same way as timber and can retain the same appearance – even to the extent that a faux timber grain 
can be imprinted on the face of the plank. Alternatively it can be installed in panels detailed to resemble masonry and 
so connect with the same levels of status associated with masonry. As it is a lightweight product it enables houses to 
be built on stilts with an open-air undercroft below – hence its use is not as restricted as masonry technologies and it 
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can replicate the form and design principles that have driven South-East Asia’s traditional architecture over many 
generations. 
 
3.2. A ‘kit of parts’ 
Just as the traditional timber house was made from a series of prefabricated pieces and could be assembled (and 
dismantled) so too could a house made from panels or planks formed from fibre-cement. A ‘kit of parts’, with modular 
components specifically designed to fit together, could be put into production. The installation of the components 
could occur incrementally with families purchasing prefabricated pieces for the walls, floors and roof and then 
connecting these to a specially designed frame. The frame could be formed from reinforced concrete – the system 
commonly used to frame the masonry buildings common in the region – or it could be built from steel if the budget 
allowed. Doors, windows, and internal fittings could be added as required and the size of the house could expand as 
the family’s economic resources permitted. Various options could be available to suit various prototype plans – 
allowing houses to be personalised and tailored to suit the family’s needs. This system, reminiscent of the model 
discussed by Habraken (1972), should be so simple that specialist contractors would be used sparingly. 
 
As a technical system this kit of parts fits somewhere between the mass-produced model and the low-technology, 
owner built model. It would take advantage of the economies of scale that come with modern manufacturing systems 
and offers the enhanced levels of status that accompany consumer goods. The reinforced concrete frame, to which 
the fibre-cement panels are attached, is the same technology currently being used to frame masonry houses and is 
familiar to the client. At the same time the system reflects traditional lightweight and modular construction methods 
with prefabricated componentry.  
 
3.3. Low embodied energy  
Table 1 compares the embodied energy required to manufacture three common building materials. Embodied energy 
is the energy consumed by all the processes associated with the production and delivery of a building material. The 
table compares panels of fibre-cement against the two most common masonry construction materials – concrete 
block and clay brick. What it reveals is that concrete block and clay bricks have embodied energy figures that are 
respectively one third and one half the figures of fibre-cement when calculated per kilogram. However these materials 
are all used to form walls of different thickness and weight. When wall thickness, weight and the coverage of the wall 
in square metres are calculated a different picture emerges. The amount of embodied energy required to construct 
fibre-cement panels is approximately five times less than concrete block and ten times less than clay brick when 
calculated per square metre of wall. This efficiency is significant and makes fibre-cement walling a key alternative 
material with both better thermal performance and less energy required in production over its two main rivals – 
concrete block and clay brick. 
 

Table 1: A comparison of the embodied energy associated with three common construction materials 
Commonly Available 
Construction Materials 

Embodied Energy
MJ/kg 

Embodied Energy 
MJ/m2

Concrete block 1.5 270.61  
Clay brick 2.5 551.49 
Fibre-cement panels 4.8 54.72 

 Source: (Author 2005) 
 
3.4. Some existing market awareness 
Fibre-cement panels already have some application in South-East Asia and limited market share. However there is a 
common perception that the product fractures easily. Knocks that would be insignificant in quality panels often 
fracture locally made panels. As the quality of locally manufactured panels has traditionally been considered poor it 
has generally been used in applications with minimal chance for impact. Hence it is used to line ceilings, the eaves 
under roof overhangs and gable ends. It is a common sight to see fractured panels in commercial applications and it 
is easy to understand why people would be reluctant to use it for housing. However local manufacturers have 
recently improved their product with new manufacturing processes that have brought the panels and planks in line 
with international standards. The key task for local and international companies will be to convince potential users 
that the product is more versatile than it once was and that its performance will exceed their expectations. 
 
3.5. Passive cooling 
To cope with high heat loads there is a trend in tropical regions to use air-conditioning technologies inside masonry 
houses. This is as much an ideological need as it is a physical need as the wealthiest sectors of society follow 
patterns of consumption common in developed nations. However there are significant problems with this strategy. 
Firstly the poor cannot afford both the initial outlay required to purchase the air-conditioning unit, let alone the 
continued running costs. Secondly air-conditioners consume large amounts of electrical energy and contribute to 
greenhouse gases. This use of air-conditioning is a short-term solution to a long-term problem and the development 
of alternate housing systems that reference passive cooling ideologies is a key priority to reduce energy 
consumption. Success will require excellent design strategies with particular attention paid to components that enable 
the house to cross-ventilate as this is the most effective way to cool a house on a tight budget. In this regard 
reference needs to be made to the design of traditional timber houses – the slatted walls, gaps between wall planks, 
open planning, interior screens rather than fixed walls and open planning. These traditional technological patterns 
have worked well in the past and must be carefully studied and reinterpreted with the new materials. 
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CONCLUSION 
This paper argues that the resident’s claims that mass houses are less thermally comfortable than lightweight houses 
in tropical conditions may well be valid. Although academic studies have produced results that indicate mass 
structures have lower internal temperatures than lightweight structures for some periods of the day this project has 
shown that there is evidence that this might not be the case in all applications. A series of tests undertaken in ‘real-
life’ conditions in tropical climates has demonstrated that the thermal advantages connected with mass construction 
may well be exaggerated. The evidence suggests that a lightweight house are cooler throughout the day and more 
than two degrees celcius cooler during the parts of the day when the houses are most likely to be occupied. It is 
suggested that mass walls do not thermally ‘work’ in the same way as lightweight walls due to their contact with the 
ground and their correspondingly diminished capacity to shed heat. In effect the mass house is never able to 
effectively cool down to the same extent as the lightweight house. 
 
The limited access to traditional construction materials, coupled with the aspirations for modern housing types, 
requires the introduction of new construction systems in tropical climates. Fibre-cement panels and planks could form 
the basis of this system – they share similar physical properties to traditional systems whilst still affording higher 
levels of status, they use a similar ‘kit of parts’, have lower embodied energy requirements, have some existing 
market awareness and can take advantage of design strategies that encompass passive cooling techniques. 
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ABSTRACT: The importance of sub-floor ventilation as long been appreciated to prevent the 
deterioration of the timber structure of suspended floors. In mid-1999 the Building Code introduced 
amendment 5 to include uniform ventilation requirements of sub-floor spaces of Class 1 and 10 
buildings based on climatic conditions. This amendment was based on work by Cole (1997) at CSIRO. 
Here ventilation areas are calculated based on a scientific method, given certain wind and humidity 
conditions, so that the underfloor humidity does not exceed a critical value that was assumed will lead 
to the deterioration of timber. The vent requirements vary according to three humidity zones defined to 
cover Australia. Recent concerns to improve the thermal resistance (R-value) of the building fabric 
have lead to a critical examination of ventilation requirements. This paper will present a re-evaluation 
of the Cole work and applying a “first principles” ventilation model to investigate the performance of 
sub-floor conditions to prevent deterioration of timber and possible health hazards due to mould 
growth. The implications for the present BCA requirements are discussed. 
 
Conference theme: Construction and materials 
Keywords: sub-floor, ventilation, condensation, mould, building code. 
 
 

INTRODUCTION 
The importance of sub-floor ventilation for preventing the deterioration of the timber structure of suspended floors and 
reducing dampness to avoid possible health problems has long been recognised as an article of faith. The 
ArchiCentre website says “The sub floor harbours many disease-causing pests like rats, cockroaches and ants, and 
destructive things like termites and mould-spore-producing dry rot. The drier and more ventilated the sub floor the 
healthier it is” (ArchiCentre 1997).  A check of the internet reveals a number of companies in Australia offering sub-
floor ventilation and damp proofing systems.  
 
Good house construction practice in Australia has required sub-floor ventilation. Da Costa in 1974 gave examples of 
ventilation requirements in Australia ranging from 1400 mm2 per m of perimeter wall (NSW specification) to 10,600 
mm2 per m (Light Timber Framing Code). While observing that “the data for an objective calculation of requisite 
ventilation are not available…” he reviewed the factors that should enter into such a calculation. 
 
The Building Code of Australia (BCA 1996 edition) contained a constant requirement for sub-floor ventilation: 
“Internal and external wall vents to be provided at a rate of not less than 7300 mm2/m length of wall.” In mid-1999 the 
Building Codes Board introduced amendment 5 to include uniform ventilation requirements of sub-floor spaces of 
Class 1 and 10 buildings as a function of climatic conditions. This amendment was based on a preliminary 
investigation by Cole (1997) at CSIRO, who combined data from field measurements with calculations to propose 
that, given certain wind and humidity conditions, the ventilation areas required to ensure that the underfloor humidity 
did not exceed a critical value that was assumed would lead to the deterioration of timber. He also suggested that the 
vent area requirements could be varied according to three humidity zones defined to cover Australia as shown in 
Figure 1. 
 
Cole calculated the steady-state moisture content of the sub-floor air as a function of the ventilation rate, outdoor air 
moisture content, and the evaporation rate of moisture from the ground surface. The evaporation rate was based on 
the work of Abbott (1983) at BRANZ. The sub-floor ventilation rate as a function of vent area and wind speed was 
based on a simple model proposed by Walsh (1975) at CSIRO. 
 
Rose and Ten Wolde writing in the North American context suggested that “whether or not to ventilate a crawl space 
is probably the most controversial issue concerning crawl-space design”. They concluded after examining the 
available research data that providing sub-floor drainage is adequate, 

• “there is no convincing technical basis for current code requirements for ventilation. 
• heated crawl spaces should not be vented with outdoor air. 
• unheated crawl spaces may be vented, but there is no overriding need to do so for moisture control if an 

effective ground cover is present.” (Rose and Ten Wolde 1994 p14) 
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(Note – crawl-space is the term adopted in the US for sub-floor space.) 
The recent impetus in Australia to improve the thermal resistance of the building fabric has led to a re-examination of 
the thermal resistance of sub-floor spaces, which in turn has led to a critical examination of the sub-floor ventilation 
model (Williamson and Delsante 2006) and a re-evaluation of the ventilation requirements and the work of Cole.  
 

 
Figure 1: Building Code of Australia Sub-Floor Ventilation Requirements, Class 1 and 10 Buildings. 

 
 
1. COLE’S METHODOLOGY 
The moisture balance in Cole’s methodology is given by solving the relationship, 
 

⎟
⎠
⎞⎜

⎝
⎛ −+⎟

⎠
⎞⎜

⎝
⎛ −= sfmexmnhsfmsmKK

dt
sfdm

h 21    (1) 

where, 
ms, mex & msf are the absolute humidity (g/m3) of soil, external air and sub-floor respectively. 
 
K1 & K2 are constants, with K1 derived from the sub-floor evaporation rates determined by Abbott (1991). 
n is the ventilation rate in air changes per sec. 
h is the sub-floor height (m). 
 
A solution to this mass flow equation can be found as follows. 
 
Abbott (1983) working at BRANZ found that when ground water approached the surface, especially during winter, the 
sub-floor evaporation rates were practically independent of soil type and was very near the evaporation rate of free 
water. He developed a relationship for the moisture evaporation from soil beneath a suspended floor as, 
 

)(4 sfs ppQ −=  g/(m2.hr) (2) 

Where 
sp  is the saturation vapour pressure at ground temperature (mbar) 

sfp  is the vapour pressure in the sub-floor airspace (mbar) 

Converting Eq (2) to SI units (1 mBar = 1/10 kPa), 
 

( ) 3600/10*10*4 3
sfs ppQ −= − …kg/(m2.s)   (3) 

Since the pressures are now in the units of kPa 
 

( sfs ppQ −= −510*111.1 ),...kg/(m2.s).    (4) 
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From psychrometrics the vapour pressure of moist air (p) can be estimated as, 

w
twp

p
+

=
622.0

  kPa     (5) 

where pt is atmospheric pressure, and w is the moisture content of air in kg/kg. If we say that w is around 0.007 
(corresponding to T=19oC and RH=50%), and using pt = 101.325 kPa, then Eq (5) can be linearised to, 
 

wp 210*61.1= .  kPa     (6) 
From a mass balance on the sub-floor air we can determine that in time δt, the mass of moisture added to the sub-
floor volume is given by, 

( ) ( )sfexsfs wwtVtAwwM −+−= − δρδδ &25 10*61.1*10*111.1 ,  (kg) (7) 

where 
A = ground surface area (m2) 
h = height of sub-floor (m) 
V&= ventilation rate (m3/s) 
wex = moisture content of outdoor air (kg/kg) 
wsf = moisture content of sub-floor air (kg/kg) 
ws = moisture content of saturated air above free water on ground (kg/kg) 
ρ is the air density. (assuming 1.2 kg/m3) 
 
The increase in sub-floor air moisture content is 

Ah
M

sfw
ρ
δδ = ,       (8) 

Thus 
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This is of the form 
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The solution is 
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where wsf0 is the initial value of wsf. At steady state, wsf = F/G, or 
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If we write V&in terms of n air changes per second, we have V&= nAh, (or alternatively where N is air 
changes per hour) and so 

NAhV =&

Nh
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This can now be compared with Cole’s equation, which, when corrected for errors is given by: 

nhKK
exnhmsmKK

sfm
+

+
=

21

21 .     (14) 

 
Note that w and m are related by m = ρw. Hence (13) and (14) are directly comparable. 
 
However, from Cole’s paper K1K2 = 4*10-3 *1.4*10-2 = 5.6*10-5, which is wildly different from the constant in Eq (13) ie 
1.491*10-3 (assuming Cole’s n relates to air exchanges per second). The formulation on which the BCA sub-floor 
ventilation provisions are based would appear to be incorrect. The implications of this are examined below. 
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VENTILATION CRITERIA 
In order to use Eq (13) criteria for sub-floor ventilation must be established. The Building Code performance 
requirement related to sub-floor ventilation says, 
 

Moisture from the ground must be prevented from causing— 
(a) Unhealthy or dangerous conditions, or loss of amenity for occupants; and 
(b) Undue dampness or deterioration of building elements. 

 
Cole (1997) reviewed surveys of sub-floor moisture conditions and while commenting on the “paucity of information” 
concluded that observed moisture problems appeared to be associated with high timber Equilibrium Moisture Content 
(EMC) generally in excess of 18. His calculations of sub-floor ventilation areas were therefore based on the 
“ventilation required to guarantee that the sub-floor RH does not exceed 80% for a given external RH”. The 
relationship between EMC and Relative Humidity can be seen in Figure 2. 
 

 
Figure 2: Equilibrium Moisture Content of Wood as a Function of 

Dry Bulb Temperature and Relative Humidity 
 
Da Costa (1974) had a different view saying “…it must be realised that we are usually trying to prevent 
condensation….. wood does not decay as a result of high humidity alone, in the absence of 
condensation….Condensation is usually associated with condensation of water vapour on the cold floor from the 
relatively warm moist air below..”.  A CSIRO Information Service sheet of 1977 says, “Decay of timber flooring from 
fungal attack is not uncommon, especially in older houses and commercial premises. The term “dry rot” is commonly 
used to describe the problem, but this is misleading as it is essentially a fungal attack requiring dampness to 
proceed.” (CSIRO 1977) Condensation would occur on the underside of a floor if its temperature was below the dew 
point temperature of the sub-floor air. Such a condition may well occur in summer conditions if the interior of the 
house is cooled. And as Da Costa (1974) notes, “Forced ventilation with warm air might pick up water vapour where it 
enters the sub-floor space and deposit it as condensate when it meets colder floors further on.”  
 
While condensation as a design criteria is relatively straight forward the health or amenity effects of sub-floor 
dampness is not so easy to define. Bornehag, Blomquist, et al (2001) reviewing 590 peer-reviewed articles on 
dampness in buildings concluded that “Dampness in buildings appears to increase the risk for a number of health 
effects such as cough, wheeze, asthma, airways infections, tiredness, and headache. However, with the exception of 
mite-exposure, it is not known which humidity related agents in indoor air that are responsible for the health effects”.  
Recent research undertaken as part of the timber industry durability program to understand the environmental 
conditions required to initiate decay has confirmed that RH alone does not lead to decay and that the presence of 
“free water” is required to initiate decay (Iskra 2006). This same research has also shown that mould growth may 
occur when the relative humidity is above 80% and the temperature is above 12oC, with the higher the RH the faster 
the mould grows. However while restricted to the surface of the timber, mould can lead to an odour or smell being 
present.  Confirming this as a problem Kurnitski (2001) in Finland conducted experiments on a full-size crawl space 
because “Over the last years mould and moisture problems, appearing usually as mould smell… have been 
considered typical”.  
 
The relative humidity (RH) of the air is the most critical factor considering the mould growth in the structures of the 
sub-floor space. A relative humidity over 80–85% during a period of several weeks or months can cause mould 
growth (Samuelson 1994).. Hukka and Viitanen (1999) described the severity of mould growth by an index where, 

0 no growth 
1 some growth detected only with microscopy 
2 moderate growth detected with microscopy (coverage more than 10%) 
3 some growth detected visually 
4 visually detected coverage more than 10% 
5 visually detected coverage more than 50% 
6 visually detected coverage 100% 
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The Mould Growth Index related to temperature and humidity conditions is shown in Figure 3.  
 

 
Figure 3: Temperature dependent critical relative humidity needed 

for mould growth t different values of mould index. 
Source: Hukka and Viitanen (1999) 

 
 

In addition (Hukka and Viitanen 1999) give a regression model describing the response time in days needed for the 
first visual appearance of mould growth (M=3) as, 

)50.6106.0)ln(72.12)ln(74.0exp( ++−−= WRHTtv  (days) (15) 
where 
T & RH are the ambient temperature and relative humidity conditions, 
W is a factor depending on the timber species (0 = pine, 1 = spruce), taken as 0 in calculations below. 
 
SUB-FLOOR CONDITIONS 
Data of measured sub-floor conditions in Australia is scarce. Olweny, Williamson, Delsante, et al (1998) conducted a 
detailed monitoring program of 4 houses in Melbourne during the years 1997-1998. Figures 4 & 5 show a selection of 
measured temperature and humidity conditions for these houses. House 1 had a highly ventilated sub-floor while the 
other three houses had more conventional ventilation openings in the sub-floor wall. 
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Figure 4: Sub-Floor Temperature and RH conditions Houses 1 & 2 Melbourne, Period Dec 1996-Jan 1997 
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Figure 5: Sub-Floor Temperature and RH conditions Houses 3 & 4 Melbourne, Period Aug 1998 
 
In summer conditions the soil surface at the sub-floor space remains cooler than the average outdoor air 
temperature, acting as a heat sink and decreasing the ambient air temperature at the sub-floor space. This is 
amplified if the interior of the house is cooled. In winter the opposite occurs as the heat flow from the deeper and 
warmer subsoil layers together with heat losses from the floor component increases the average temperature at the 
sub-floor space. 
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Kurnitski (2001) in experiments on a full size sub-floor space (in Finland) found that for natural ventilation rates in the 
range 1-2 ACH the long term soil moisture evaporation rate was 3.6 g/m2h. Abbott (1983) on the other hand found 
average evaporation rates around 12.5 g/m2h and no influence of sub-floor air exchange rates. It would appear 
however that Abbott was dealing with relatively high air change rates, probably in excess of 10 ACH.  
 
SUB-FLOOR VENTILATION 
Williamson and Delsante (2006) have shown that the sub-floor wind driven ventilation rate appropriate for estimating 
timber deterioration may be estimated by 
 

'42.0 PvfQ ww ε=  (m3/s)     (16) 
where 
ε is the area of ventilation openings per perimeter length of under floor space, in m²/m; 
P is the exposed perimeter of the floor (m); 
v’ is the average wind speed at 10 m height, in m/s; 
fw is a wind shielding factor as given in Table 1. 
 

Table 1: Wind shielding factors for sub-floor vent calculations 
 

Location Example fw
Sheltered City Centre 0.03 
Average Suburban 0.10 
Exposed Rural 0.18 

Note: The wind shielding factors are calculated assuming a building roof height 3m. 
 
 
INVESTIGATION OF SUB-FLOOR CONDITIONS AND VENTILATION REQUIREMENTS 
A convenient place to start this investigation is with the humidity zones introduced by Cole (1997) and adopted by the 
BCA. As he explains “in zone 3 the RH exceeds 70% for a significant length of time, in zone 2 it exceeds 60% for a 
considerable length of time, while in zone 1 the RH does not exceed 60% for an appreciable length of time”. It is 
immediately obvious when considering the conditions that define these three zones that they are not comprehensive. 
The situation may exist where the 9am RH > 60% but the 3pm RH<40%. This extra condition has been designated 
as zone 4. Although these zoning criteria are essentially arbitrary they will be used in this study. 
 
Data were obtained from the Bureau of Meteorology for each station that had comprehensive monthly 9am and 3pm 
temperature, RH and wind speed measurements over a long period of time. In all 1126 stations were available. For 
each station the month with the highest 9am RH was identified. The station was allocated a zone based on the 
criteria set down in the BCA (with the addition of zone 4). It was noted that July or January were often not the month 
with the highest RH as stated by Cole. Stations were further divided into those with the highest RH month in the 
period November to March (designated with an A, Hot/Humid Regions) or the period April to October (designated 
with a B, Cold Regions).. Each post code area was allocated a humidity zone based on the BoM station closest to the 
centre of the post code area. The average distance between a BoM station and the post code centre was less than 
18 Km. An examination of Figure 6 with the eight humidity zones plotted into postcode areas reveals a somewhat 
different picture to the relative humidity zones depicted in the BCA (Figure 1 above). In addition, for each station, the 
“average” temperature and “average” RH was determined for the whole designated period based on the month with 
the highest RH. Because mould growth occurs over a long period (several weeks or months) the period average 
values (shown in Tables 2 and 3) were used as the basis for the mould growth calculations.   

 
Figure 6: Climate Relative Humidity Zones via Post Codes (1996 Version) 
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Table 2: Average 9am Conditions when Maximum RH occurs in Period April-October 
 

Zone Average 
9am RH% 

Average 
9am Temperature 

Average 
9am Wind (m/s) 

1A 55% 14.7 3 
2A 78% 11 2.5 
3A 85% 8.7 3.2 
4A 65% 11.7 2.5 

 
 

Table 3: Average 9am Conditions when Maximum RH occurs in Period November-March 
 

Zone Average 
9am RH% 

Average 
9am Temperature 

Average 
9am Wind (m/s) 

1B 54% 30.0 3.4 
2B 73% 26.9 2.6 
3B 80% 25.0 3.1 
4B 61% 28.7 3.8 

 
Condensation vent areas for winter critical conditions are calculated assuming a uniform temperature equal to the 
external temperature. Given the relatively stable sub-floor temperatures this is likely to be a conservative approach. 
For summer critical conditions the sub-floor temperature is taken to be 22oC (assuming interior air-conditioning). 
Again this is most likely a conservative approach. For the mould growth calculations suitable criteria are not so 
obvious yet are critical for determining the vent sizing. As a tentative beginning the vent areas were calculated 
assuming monthly average temperature conditions together with sub-floor humidity conditions estimated from Eq (15) 
equivalent to a response time of 30 days. Initial “required” vent areas based on these assumptions proved to be 
excessive; generally greater than 50,000 mm2/m. Enquiries with architects, timber industry bodies, and Government 
authorities in hot-humid regions revealed that there were no known reports of sub-floor mould growth problems. (But 
as one respondent said, “nobody in this area builds in the sub-floor, they are all left open”.) This indicated that 
probably the evaporation rate was most likely being over estimated. The evaporation component of Eq (13) was 
therefore factored down to match the Kurnitski value of 3.6 g/m2h as described above and assumed to be more 
applicable to situations when air exchanges rates are low. The results, ventilation areas for the condensation and 
mould risk, are shown in Table 4. 
 

Table 4: Ventilation Areas for Condensation and Mould Control 
 

Required Vent Area 
(mm2/m) 

 
Zone 

 
Condition 

Rural Suburban 

BCA 
Requirements2

Condensation risk 110 195 1A 
Potential mould growth 1000 1860 

2000 

Condensation risk 940 1650 2A 
Potential mould growth  30500 Open3 4000 

Condensation risk 400 700 3A 
Potential mould growth 22420 Open3 6000 

Condensation risk 145 250 

H
O

T/
H

U
M

ID
 R

E
G

IO
N

S
 

4A 
Potential mould growth  1100 2060 

NA 

Condensation risk 40 65 1B 
Potential mould grow  1550 2650 

2000 

Condensation risk 90 160 2B 
Potential mould grow 3130 5080 

4000 

Condensation risk 105 185 3B 
Potential mould growth 4295 6510 

6000 

Condensation risk 60 100 C
O

LD
 R

E
G

IO
N

S
 

4B 
Potential mould growth 1180 3310 NA 

Note: 1) Assumptions for these calculations include Area/Perimeter=2.5, building 
height=3m, sub-floor height=0.5m. Different geometries will change the 
results. 
2) No membrane installed 
3) Open - Implies that the sub-floor space should be left substantially open. 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 165 



DISCUSSION 
This preliminary investigation has raised more questions than it has solved. It has revealed that the relative humidity 
in the sub-floor space is determined by at least six factors linked together: ground moisture evaporation, soil type, air 
change rate, building geometry, ambient climate conditions and thermal behaviour of the sub-floor. The “one-size-fits-
all” vent requirements within three humidity zones specified as deemed-to-satisfy in the BCA is a simplification of the 
science that seems not to be justified. The exploratory analysis on which the BCA requirements are based, while 
undertaken in good faith, does not warrant the important decisions that have flowed as a result. 
 
Table 4 shows (if the assumptions can be believed) that condensation can be avoided with minimum vent areas and 
that potential mould growth is the more critical criteria on which ventilation requirements should be based. In the 
“hot/humid” zones 2A and 3A, it would appear that the BCA requirements if complied with could lead to amenity (and 
health) issues with the growth of mould. However this is not certain. While in Finland where mechanically ventilated 
sub-floor spaces are common the results from field measurements have shown a correlation between microbes in the 
sub-floor space and indoors (Airaksinen, Pasanen, et al 2004) in Australia detailed studies to ascertain the 
prevalence and significance of sub-floor mould growth or the extent that microbial contamination of indoor air may be 
due to sub-floor conditions have not been conducted. 
 
The investigation reported in this paper commenced with a consideration of the thermal performance of suspended 
timber floors and the effect ventilation has on the overall thermal resistance (R-value) of the system. It pauses here 
with three observations; first, a detailed consideration of required sub-floor ventilation is likely to result in different 
vent areas than presently required for many locations; in many cases this is likely to result in a higher overall floor R-
value, secondly, that an understanding of building performance (and especially where aspects are incorporated into 
regulation) requires the holistic application of building science, and finally, if this issue is to be advanced, further 
investigations are required to better understand both the physics of the sub-floor environment and its impact on the 
building occupants. 
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ABSTRACT: This paper evaluates the effect of increased water prices to the wider economy on the 
Australian construction industry. This research explores the uncertain effects of future water policy on 
the construction industry by depicting the consequences of possible scenarios. The effect increased 
water prices on the cost of construction was determined by initially calculating the embodied water of 
eight residential case studies. An input-output based hybrid embodied water analysis was undertaken. 
A range of water pricing scenarios was then applied to the case studies. It was found that despite the 
considerable amount of water embodied in construction, increased water prices would impact 
minimally on the cost of construction. This is primarily because water costs are initially such as small 
proportion of total building price that even quite large price increases have a minimal effect. Extremely 
large price increases were found to have an impact on construction price, but it is not envisaged that 
such prices will be applied in the foreseeable future, unless rainfall predicted reductions in rainfall from 
the enhanced greenhouse effect happen almost immediately. Although this appears to be a near-
neutral result for economic activity, the environmental impact of development in terms of embodied 
water are considerable.  
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1. INTRODUCTION 
Population increase and subsequent urbanization, industrialization and development is putting a growing strain on 
water resources. This is having adverse social and environmental impacts. Besides these issues, many economies 
are beginning to suffer the effects of a limited water supply. Incongruously, Australia is both the driest inhabited 
continent and one of the world’s largest consumers of water per capita. The industrialized economy requires water to 
some degree for all production processes. However prices do not reflect the scarcity of water, particularly relatively 
between domestic consumption and industry. This has created inefficient and excessive consumption with little 
incentive to conserve resources. If water is valued appropriately, an efficient reallocation may occur. A direct price 
increase is one means of achieving this. Price rises may be the result of general increases or the implementation of 
specific economic instruments such as taxes or trading permits. The effect of increased water prices on the economy 
will vary. Industries, companies and projects with water intensive practices and materials will incur the greatest 
burden. As a result, there is a lack of industry support for such a strategy. This probably stems from concerns about 
economic growth and industry competitiveness. The construction industry consumes large amounts of water, 
indirectly through consumption of goods and services. However, little is known about the potential sensitivity of 
construction price to water prices elsewhere in the economy. Therefore, the aim of this research is to investigate the 
effect a range of potential increases in water prices may have on construction prices. 
 
2. BACKGROUND 
In 2000-01 the amount of surface water and ground water available for use was 40 teralitres, ie. 1012 litres, or TL 
(NHT, 2002). 63% of this, or a total of 25 TL, was consumed in the Australian economy (ABS, 2004). As a result, over 
30% of supply systems were over-committed in water allocation or at their extraction limit (NHT, 2002). Australia is 
the third largest consumer of water, consuming 1.3 megalitres, ie. 106 litres, or ML, per capita per year (OECD, 
2001). This comprises direct and indirect water consumption, i.e. not just the average amount of water consumed 
directly but also including the water consumed in the manufacture of other goods and services that we consume 
(calculated by taking total water consumption for all activities and dividing by the population). Total consumption 
increased by 65% from 1985-86 and 1996-97. Although the increments slowed, there was a further increase by 12% 
from 1996-97 to 2000-01. Besides agriculture, industry combined consumes the greatest amount of water in the 
Australian economy. The household sector consumes the majority of the remainder. Australian water prices are 
amongst the lowest in the developed world (OEDE, 2005). Prices differ across the economy with major variance 
between the cost of water to households, industry and agriculture. Pricing also differs between urban and rural areas. 
The economy and the environment are inextricably linked through the input of environmental resources to the 
economy to sustain economic activity (Costanza et al., 1997). The production of commodities requires natural 
resources and transforms these from discovery, extraction and refinement into useful raw materials which are inputs 
into economic goods and services (Van den Bergh and Nijkamp, 2000). As a result, economic markets play an 
important role in the sustainability of natural resources. Sustainable development can be described with reference to 
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economic responsibility as economic transactions that optimize the benefits available today without endangering the 
benefits tomorrow (Goodland and Ledec, 1987). Natural resources can be protected with economic transactions 
associated with the natural resource base concerned. Price incentive modifications to the cost of resources can be 
made to encourage efficiency. Three main options are taxing, tradable permits or payment for abatement. These 
provide direct price indications for producers and consumers on shortages of particular resources (Baron, 1996).  
 
Environmental taxes can be consumption taxes, based on the quantity of tax base taken from the environment or 
product taxes, increasing the cost of products that consume the tax base during their manufacture and construction 
(Barde, 2000). A tax on groundwater extraction is an example of a consumption tax. A tax on the embodied water of 
materials is an example of a product tax. In both examples the tax is passes through the producer onto the consumer 
resulting in increased costs. With regard to the building industry, a construction company may be charged a price per 
kL of water extracted, or a purchaser of a building may pay a price for the amount of water consumed in the building. 
Both the construction company and the purchaser can react to the price increase by choosing to reduce consumption 
with the use of different materials and processes or buying a building with lower embodied water. A water tax creates 
efficient consumption from the reduction methods undertaken by industry, industry structure and consumer decisions 
(OECD, 2001). Taxes create these efficiencies with their impact on relative prices. Increased production costs are 
reflected in higher prices on products and activities that consume large amounts of water. Consumers choose lower 
priced alternatives that are less environmentally damaging (OECD, 2001). Apart from this initial efficiency increase 
there is a continued incentive to increase efficiency. Industries are generally resistant towards environmental 
taxation. This is because companies that are subject to environmental policy instruments only pay reduction costs, 
not also the tax on the remaining consumption. A tax encourages continued reduction of consumption when reduction 
costs decline. 
 
The Netherlands and Denmark are examples of water taxes being used to reduce consumption. Vermeed and van 
der Vart (1998) evaluated the environmental effectiveness of the Netherlands water taxes. The research found that 
groundwater consumption had reduced from between 2% to 12%. In Denmark, household water consumption 
reduced by 13% (OECD, 2001). The Denmark Bureau of Statistics concluded that nearly 50% of consumers have 
responded to the tax by investing in water saving techniques and technologies (OECD, 2001). Industry has on 
average reduced water consumption by 15%. Water management by water companies has also increased efficiency, 
reducing water waste by 23% (OECD, 2001; 2005; OECD/EEA, 2005). 
 
The embodied water of a product is the water needed to create and deliver a product through all stages of 
production, containing both direct and indirect paths for all materials and resources used to produce that product. 
Direct water is the water consumed in the main production of the specific product been analysed. It is easily 
assessed because it is a single source of consumption. Indirect water is the water used to create and deliver 
materials and resources that go into the main product. Studies of water embodied in construction are rare (Lenzen 
and Foran, 2001; Treloar and Crawford, 2004). It is harder to define because of the many sources of consumption 
that may be involved, thus methodology is critical. 
 
3. METHOD 
There are a number of methods that can be used for embodied water analysis, the accuracy and extent of analysis 
depends on the method chosen. The methods can be classified into three separate groups, process analysis, input-
output analysis and hybrid analysis (Bullard et al., 1978). Crawford presents an analysis of available methods, and 
finds greatest balance of reliability and completeness in the input-output-based hybrid analysis method developed by 
Treloar (1997). Direct inputs to a specific product or process at the focus of the analysis are calculated using process 
data. The process values are substituted into the input-output model for the equivalent input-output values without 
changing any of the upstream processes or truncating the system boundary. Other processes considered important 
have process data collected and substituted into the input-output model. To maximize completeness, further 
upstream processes are accounted for using input-output data. The method of this research can be broken into two 
main steps; under these steps are a number of sub-steps. First the embodied water of case studies is calculated. 
Then with the aid of scenario analysis this information is then used to evaluate the effect increased water prices 
would have on each case study.  
 
3.1. Step One - Embodied water analysis 
An analysis of the effect of increased water prices on products must consider the increased cost of water consumed 
directly and the increased cost of water consumed to produce other materials that are inputs to the main process. 
input-output-based hybrid analysis allows the indirect effects to be calculated while accurately calculating the direct 
effects to evaluate the accumulated effects of increased water costs. Therefore input-output-based hybrid analysis is 
used to calculate the embodied water of case studies. The description of the method applied is adapted from 
Crawford (2004; 2005). The method can be separated into four sub-steps. These steps describe the individual 
analysis methods used in the hybrid approach. 
 
The first step is to calculate the embodied water with standard input-output analysis. input-output tables are 
organized into sectors of the economy. Each sector has a direct water intensity and a total water intensity recorded in 
kL/$1000. The direct water intensity is the water consumed directly for $1000 of output. The total water intensity is 
the total amount of water consumed including all direct and indirect inputs in $1000 of output. The ‘residential 
building’ sector is used for the case studies. The total water intensity of the sector is multiplied by the price of each 
case study $ x kL/$1000 then divided by 1000 to correct the units. These methods and data sources have been 
detailed elsewhere in Treloar and Crawford (2004) and Lenzen and Treloar (2004). 
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The second step is to use process data to calculate the embodied water of the main materials. The water paths for 
each individual case study are modified using material quantities and direct water intensity. Each case study is 
broken up into elements, the elements are broken up into items with corresponding materials making up the items, 
measured quantities of the materials in the items that make up the element and the unit used to measure the 
quantity. The process based material intensities are multiplied by the material quantities to calculate the embodied 
water of each material input.  
 
The third step uses process-based hybrid analysis to derive hybrid water intensities that are multiplied by individual 
quantities obtained from the process analysis to calculate the embodied water of individual materials. Hybrid water 
intensities are calculated for the basic materials obtained from the process analysis. This allows a calculation of the 
material inputs to each case study. The hybrid water intensity for each material is calculated by adding the material 
process water intensity from the process analysis and the adjusted input-output water intensity, this is the input-
output derived total water intensity of the sector minus the total water intensity of the input-output path of the material 
being analysed. This figure is then multiplied by the price of the material and divided by 1000 to correct the units. The 
hybrid material water intensities then replace the process based material water intensities and are used to determine 
the embodied water of each material based on the quantities and method used in the process analysis. The revised 
individual material water intensities are multiplied by the material quantities to calculate the embodied water of each 
material. The direct water of each case study is then calculated using input-output data. The direct water intensity 
obtained from the initial input-output analysis in step one is multiplied by the price of each case study $ x kL/$1000 
then divided by 1000 to obtain the water consumed directly in each case study.  
 
The final step combines the information obtained from the previous stages. The algorithm developed by Treloar 
(1997) is used to systematically extract pertinent water paths for each case study. The inputs quantified from the 
process analysis are assigned to specific input-output paths. The total water intensity of the paths for the process 
inputs is then deducted from the total water intensity of the sector. To avoid double counting, the process value 
where available is subtracted from the total water intensity of the sector. The remaining paths are multiplied by the 
price of the case study and divided by 1000 to correct the units and calculate the additional embodied water of each 
case study. Finally, the process-based hybrid analysis embodied water value obtained in step three is then added 
and the direct water component is subtracted as this is already included. The resulting figure is the input-output-
based hybrid analysis embodied water figure for each case study. 
 
3.2. Step two – Scenario analysis 
The impact increased water prices would have on construction is calculated with scenario analysis. Three different 
tax rates are developed along with a baseline scenario, assuming no taxation. Using business as usual building 
prices the significance of change as a result of each scenario is measured relative to the baseline. The results 
obtained from the input-output-based hybrid analysis provide the basis for the evaluation of the effect of increased 
water prices on construction. The tax rates are multiplied by the embodied water of each case study to estimate the 
cost to construction as a result of each scenario. The baseline scenario is a business as usual model and assumes 
no policy intervention. It is the cost of construction without the increased costs of water. To relate to the 1996-97 
input-output data and process data used in the embodied water analysis, the baseline scenario is developed from 
1997 data. The total costs are calculated with 1997 national pricing handbooks (Rawlinsons, 1997). The handbooks 
have different classifications of buildings. Each case study is classified under the handbook guidelines. The floor area 
of each case study is multiplied by the appropriate rate for the buildings classification then adjusted for individual 
characteristics that have a large impact on price. The classification used in the total costing is used to calculate the 
elemental cost of construction. The handbooks provide a rate for elements per square metre and as a percentage of 
total building costs. The elemental costs as a percentage of total building costs are used to calculate their price.  
 
A 1997 industry average figure per kL for the cost of direct onsite water consumption is used to measure the baseline 
cost of the water directly used for the onsite construction process. The figure is $0.68 per kL. This is the average cost 
of delivery for 16 water service providers in Australia. The data was compiled from the Water Services Association of 
Australia publication WSSA Facts (1998), which presents information from the previous year. Three different taxation 
scenarios are developed to analyze their effect on construction. The taxation scenarios are based on overseas 
examples and have been adapted to account for Australian conditions. All proposals are a broad-based one price tax 
on the consumption of water by the economy. The first taxation scenario, partly based on the Netherlands water 
supply tax, is considered low. The rate used is $0.22 per kL of water supplied to the economy. The second taxation 
scenario, partly based on Denmark’s tax on water quantity, is considered moderate. The rate used is $0.95 per kL of 
water supplied to the economy. These two rates have been adjusted to account for the purchasing price disparity 
between the countries, this result’s in a smaller rate of taxation than the original models in both instances. The third 
taxation scenario is based on the notion of levels continually dropping, creating a need to raise price incentives to 
increase consumer awareness. The rate used is $5.00 per kL of water supplied to the economy.  
 
The construction industry has a direct tax burden based on the water it directly consumes and an additional indirect 
tax burden on the water consumed to produce its inputs. These inputs are produced with other inputs and so on. The 
analysis method allows the infinite series of indirect inputs to be calculated to evaluate the accumulated effect of a 
water tax on the construction industry. To measure the total effect on construction from each tax scenario the direct 
and indirect burden must be calculated and then summed. The indirect effect on construction is calculated by 
multiplying the embodied water of buildings in kL by the tax rates in each scenario. The water consumed directly 
calculated in the embodied water analysis is then multiplied by the tax scenarios. The additional direct and indirect 
figures are then added together. This is the total effect on construction resulting from each taxation scenario.  
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3.3. Case Studies 
There are many different buildings in the built environment. These range from simple residential construction, such as 
single and double brick or weather board housing to non-residential construction, such as high-rise and industrial 
developments. This research focuses on residential buildings. Residential buildings account for approximately two 
thirds of the value of work produced by the construction industry in Australia. Eight case studies have been selected 
for this research. The case studies range from solid brick and brick veneer houses to weatherboard homes. The case 
studies were chosen specifically to represent suburban residential housing in Australia. The dwellings have a building 
area ranging from 82 to 156 m2. These are quite small, by common standards today, but represent a lot of inner 
urban developments. Extrapolations can be made fairly reliably to larger buildings on a square metre basis, based on 
experience. Standard pine timber frames with concrete ground floor slabs or timber floor joists on stumps are used. 
Buildings with second floors have timber floor joists supporting the second level. Roofs are conventional pitched or 
flat roof construction or trussed. The buildings are well insulated with fibreglass insulation both in the roof and walls. 
 

Table 1: Residential case studies 
 

Residential Case Studies Description Area (m2)

RCS 1 Semi detached 2 storey  126 
RCS 2 Attached 2 storey 82 
RCS 3 Semi detached 2 storey  82 
RCS 4 Attached 2 storey 156 
RCS 5 Detached 2 storey 155 
RCS 6 Detached single storey 151 
RCS 7 Semi detached single storey  100 
RCS 8 Attached 2 storey 112 

 
 
4. RESULTS 
Figure 1 presents the results of applying each taxation scenario to the case studies. The low, moderate and high 
rates of taxation increased building costs by an average of 0.5%, 2.3% and 11.5%. The average building costs were 
$710/m2. This results in an average increase in costs by $3.62/m2, $15.65/m2 and $82.38/m2. RCS 3 has the highest 
percentage increase in costs ranging from 0.7% to 3.1% to 16.7%. RCS 3 also has the highest actual increase in 
costs ranging from $4.05/m2 to $17.49/m2 to $92.10/m2. RCS 3 has the highest embodied water (18.42 kL/m2) with 
the equal lowest building costs ($550/m2). RCS 4 has the lowest percentage increase in costs ranging from 0.3% to 
1.4% to 7.4%. RCS 4 also has the lowest actual increase in costs ranging from $3.07/m2 to $13.28/m2 to $69.90/m2. 
RCS 4 has the lowest embodied water (13.98 kL/m2) with the highest building costs ($940/m2). 
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Figure 1: Building price changes from water taxes 

 
Figure 2 presents the elemental breakdown of results. The average results for each element are presented. The 
external works group has the highest percentage increase in costs ranging from 3.3% to 14.6% to 77.1%. The 
external works group has the lowest actual increase in costs ranging from $0.10/m2 to $0.42/m2 to $2.20/m2. The 
external works group has the lowest embodied water (0.44 kL/m2) with the lowest building costs ($2.85/m2), 
representing 0.4% of total costs.  
 
The fixtures and fitments group has the lowest percentage increase in costs ranging from 0.2% to 0.8% to 4.4%. The 
fixtures and fitments group has the second lowest actual increase in costs ranging from $0.13/m2 to $0.55/m2 to 
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$2.87/m2. The fixtures and fitments group has the second lowest embodied water (0.57 kL/m2) with the third lowest 
building costs ($65.49/m2), representing 9.2% of total cost.  
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Figure 2: Elemental price changes from water taxes 

 
 
The structure group has the highest actual increase in costs ranging from $0.71/m2 to $3.06/m2 to $16.12/m2. The 
structure group has the second lowest percentage increase in costs ranging from 0.3% to 1.4% to 7.0%. The 
structure group has the highest embodied water (3.22 kL/m2) with the fourth highest building costs ($231.87/m2), 
representing 32.6% of total costs.  
 
5. DISCUSSION 
The taxation scenarios were developed with reference to overseas examples. The scenarios were simplified 
proposals and should be treated as illustrations of major changes required to the structure of water pricing. They do 
not represent the complex and more nuanced proposals that are likely to be developed from the balancing of 
environmental interests and economical needs by the lawmaking process (Hoerner, 2000). Price changes as a result 
of a water tax are unlikely to be uniform like the GST. One or a number of tax bases usually with different rates will 
levy a tax. A tax on water could have different tax bases for, regulated or unregulated water, surface or ground water, 
mains or self-extracted water. Currently water prices vary considerably across sectors of the economy. However, to 
measure the effect of a water tax, as is common in energy taxation analysis, the law of one price has been applied. 
All scenarios were broad-based one price taxes on the consumption of water by the economy. This assumption 
simplifies the analysis considerably. It has been assumed that the water tax burden is passed entirely on to the end 
consumer in the form of increased prices of goods and services. This is the most common assumption in academic 
literature (Hoerner, 2000).  
 
Case studies with a large gap between high embodied water and low building costs were most affected by increased 
water prices. The percentage increase in costs rose significantly compared to case studies with a large gap between 
low embodied water and high building costs. Despite the percentage increase in costs being significant on many of 
the case studies with a large gap between high embodied water and low building costs, the actual increase in costs 
was less than case studies with a smaller gap between high embodied water and low building costs that had larger 
embodied water. Therefore many case studies that had the greatest percentage increase in costs did not have the 
highest actual increase in costs. The individual elements, and thus materials, used were shown to have a significant 
impact on the effect of increased water prices on construction. The same factors and relationship that affected the 
degree of percentage increase and actual increase of total building costs also affect the individual elements and 
materials. 
 
The price of water used directly for construction increased significantly, however the low prices charged for water to 
construction sites and the relatively low amounts used compared to the total embodied water kept the effect of large 
percentage increases to a minimum actual increase in costs, even at the highest rate of taxation. Although this 
seems to be a positive result for economic activity within the construction industry, builders will only rein in their 
inefficient building practices to the extent that it is beneficial for them to do so. Therefore it is likely that little change 
will occur to onsite building practices as a result increased water prices at any level.  
 
Elements such as fixtures and fitments and many finishes are replaced over the life cycle of buildings. The materials 
that make up these elements such as carpet, MDF, plasterboard, vinyl and paint will need to be replaced numerous 
times depending on the their churn rate and life span of the building (Treloar et al., 1999). Therefore water embodied 
in these elements includes initial embodied water and recurrent embodied water. Consequently the additional costs 
as a result of increased water prices on these elements, will need to be considered not only initially but again many 
times over, making it important to use the lowest possible embodied water materials in them. The price increase in 
these particular materials and others that are replaced will have a significant impact on prices and therefore change 
consumer behaviour towards materials with low embodied water to reduce costs for consumable elements.   
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6. CONCLUSION 
With increased water prices, the impact on the economy will vary. Industries, companies and projects with water 
intensive practices and materials will incur the greatest burden. As a result there has been a lack of industry support 
for such policy, stemming from ill informed concerns about harm to economic growth and industry competitiveness. 
The aim of this research was to investigate the effect an increase in water prices would have on construction. To do 
this a streamlined version of life cycle assessment was used, namely an embodied water analysis. The embodied 
water analysis used an input-output based hybrid approach to calculate the significance of water embodied in eight 
case studies. Three taxation scenarios were developed and applied to the embodied water of each case study. The 
initial business as usual costs of each case study were determined and used as a baseline to measure the 
significance of the effect on construction from each scenario.  
 
It was found that although there is a considerable amount of water embodied in construction, the actual effect of 
increased water prices would be minimal unless implemented at a high rate. The already high cost of construction 
ensures that a rise in material and product prices as a result of increased water prices would have a marginal impact 
comparatively on the water intensive industry. The significance of water embodied in individual elements and 
materials confirms that their selection would dictate the effect of increased water prices more so than the onsite 
activities. The price of water used onsite for construction activity would increase significantly compared to the pre rise 
price, however the low price charged for water to construction sites and the low amounts used in the context of total 
embodied water would keep the effect of a large percentage increase to a small actual increase compared to the total 
costs of construction.  
 
Although the minimal impact of the increased water prices would appear to be a positive result for economic activity 
within the construction industry, its environmental effectiveness is questionable without price signals to encourage a 
consumer shift. Even if large increases in the price of water were introduced creating in many instances substantial 
indicators, unless practical and visible lower embodied water alternatives are available, developers would suffer no 
competitive losses. Therefore it is likely that increases in costs would be passed onto the consumer. If this occurs, 
the push for change would come from consumers with little assistance from developers making higher profits from 
increased building costs.  
 
It is widely recognized that the price of water is undervalued and will in the future rise. This may not be the result of a 
water tax but rather a general increase or the implementation of other economic instruments. This research has 
explored the uncertain effects of such policy on the construction industry by depicting the consequences of possible 
scenarios. Australia’s infrastructure and built environment is continually growing, therefore the water embodied in 
construction and its effects will continue to be an important issue.  
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ABSTRACT: The research develops a visual building plumbing management system (VBPMS) for 
effective system maintenance and supervision. The study combines a geographic information system 
(GIS) and a virtual reality (VR) program to manage and inspect a building plumbing system. The GIS 
uses point cloud retrieved from a 3D scanner as raw data to record plumbing shapes and locations, to 
assign serial numbers, to classify types, and to create databases. Because plumbing can be seen in 
3D by ArcScene of ArcGIS, a plumber can find a pipe’s location and retrieve information via serial 
number and database. On site seek and test time can be reduced during maintenance. The system 
also allows a building manager using to supervise plumbing information as well as to locate and fix 
problems in a timely manner. 
 
Conference theme: Construction and materials 
Keywords: 3D scanner, point cloud, GIS, building plumbing 
 
 

INTRODUCTION 
The research combines a geographic information system (GIS) and visualization method to manage and inspect a 
building’s interior plumbing. The GIS uses a 3D scanner to record building plumbing shapes as 3D point clouds to 
support the information required in maintenance, assiging serial numbers, classifications, and databases. The system 
allows a building manager using GIS to retrieve the location and the product information of the plumbing in a building, 
as a way to help fixing plumbing problems in a timely manner. 
 
Building plumbing consists of intricate network of systems. In the past, system is maintained mainly based on design 
drawings with very limited modification made before being filed as as-built records. Whenever plumbing needs to be 
maintained, manager usually has difficulty in finding information in a handy manner. As a result the maintenance can 
hardly be conducted efficiently. An appropriate management model for maintaining the plumbing infrastructure is 
therefore needed expecially under an as-built form. 
 
Plumbing shop drawings hardly repesent the accurate construction site information by integrating the most updated 
system modification. Plumbers must coordinate with the other contractors prior to installation (Ambrose 1992). 
Plumbing is usually configured at site with higher priority on function than the location. When the plumbing is 
installed, usually no complete record of as-built configuration exists yet, neither does the accurate plumbing layout 
(Shih and Wang 2006). The uncertainty of old records and the still innoience of new constructions makes it difficult to 
find the pluming layout information which is fundamental for management. It wouldn’t be surprised when plumber 
must reconfigure a new pipe slightly off the original design location for an easy installation and yet not be recorded in 
as-built drawings. On-site adjustments prevent plumbing records from being manageable and durable for future use. 
Over a long period of time, the plumbing system will become too cumbersome and difficult to maintain. So when 
maintenance is necessary, it is always easier to install new facilities upon existing ones than to be removed for no 
correct information regarding the system is still function or not. 
 
The research uses a 3D scanner to record the shape and location of plumbing during construction process, instead of 
after installation. Data in terms of point cloud were used to justify if construction follows the design of the building's 
plumbing system. Point cloud is useful not only for creating as-built drawings, but also for plumbing management in 
post construction stage. 
 
In the point cloud plumbing record, every dot has three-dimensional coordinate which initially does not show any 
information. A value is then assgned to each pipe to represent its layer name and the linking number between point 
cloud and database. A plumbing identification number is assigned to each pipe that identifies its position and 
function. Every pipe has its own number associated with the layers to be shown in the computer program. Under the 
layer framework, a plumbing database in accordance with the layer number is created. 
 
After the point cloud’s .dxf file is imported to GIS, the building’s plumbing can be viewed in a 3D environment so a 
plumber can understand system layout easily. If a pipe does not function anymore, the pipe also can be retrieved in 
the database with all the information stored pertinently. Since the plumbing can actually be “seen” in the 3D 
environment, the plumber can retrieve the pipe’s location and information via its number and the database. The 
information is useful for effective maintenance and management of a plumbing system. In the mean time, if a plumber 
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needs to know the location of a pipe, the database information can be retrieved to calculate the distance between two 
pipes, or between the pipe and a wall or ceiling. This retrieve function is very helpful to reduce the on-site seek and 
test time during maintenance. 
 
1. 3D SCANNER AND GIS 
 
1.1. 3D laser scanner 
A long-range 3D laser scanner can retrieve the surface geometries of remote objects as point clouds. 3D scan of 
small objects at short range has been widely applied to industrial design as part of the reverse engineering process. 
Previous industrial applications were not suitable for data retrieval of large objects like buildings until recently when 
the long-range laser scanner was developed. This study used a Cyrax 2500 (Figure 1) to scan a building site in order 
to record construction progress. Originally, a building’s construction process was recorded with text, photos, and 
videos. The 3D scan data could be used as a type of supplementary record for the analysis and evaluation of 
construction quality and quantity. 
 

  
Figure 1: 3D scanner (left) and registration 0targets (right) 

 
3D scans retrieve the configuration of the plumbing that is visible to the scanner as construction records (Figure 2). 
These records are useful for work quality check. Since the clouds consist of x-, y-, and z-coordinates, as-built 
geometric information can be compared with original 2D shop drawings. A building’s plan can be shown on a 
computer screen to verify any possible difference between the two sources of data (Shih and Wang 2002; 2004). 
 

  
Figure 2: Point clouds of toilet plumbing 

 
A single scan can contain up to a matrix of 999 points in width and length to figure the shapes of objects’ surfaces 
that are exposed to the scanner. The building is scanned from different orientations to create an ”omni view” that 
allows a building manager to observe the plumbing from any angle. The research team scanned and recorded 
plumbing locations from more than four orientations in each room. This system allows for modifications of scan 
density and enables the juxtaposation of multiple scans in one scanworld. Scans can be registered using reference 
points (or targets) shared by adjacent scans. The size and boundary of the scanworld is virtually unlimited. 
 
Scanned data are stored in Cyclone .imp format, which is translated into .xyz or .dxf files to be used by other 
applications. Most GIS supports the .dxf format. When point cloud data are imported to a GIS and linked to other 
data, plumbing information is co-related and available to the plumber and building manager. 
 
1.2. GIS and pipes database 
GIS works well with most databases. The system can use different databases to display necessary information. The 
research expects to use GIS to create links between point clouds and plumbing database for the cloud’s attributes 
display. GIS has been developed for more than 30 years. The system can integrate digital maps, databases, remote 
sensing, and GPS to serve many functions (DeMers 2000). GIS uses special information and attribute databases to 
measure, represent, operate, and transform objects (Chirsman 1997), by translating data into a multi-attribute 
information system and searching interface for measurement, mapping, monitoring, and modeling (The Four Ms) 
(Star and Estes 1990). Users can obtain information to coordinate and operate projects as needed. 
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The development of GIS not only makes it possible to perform the previously mentioned functions, but also 
contributes to great research using databases. For example, recently there was a serious debris flow problem in 
Taiwan. GIS was used to forecast the effects of rainfall using an advanced measuring device and efficient translation 
interface. Forecast and monitor items, such as weather conditions and debris flow, becomes easier and more 
efficient (Yu et al. 2006; Lin et al. 2002; Lin 2001). Moreover, the system can use different layers to stack multiple 
maps as defined by a theme. For example, a user can create any information needed for his research. Since it 
operates based on union, intersection, difference, and determination functions, it can analyze and compare many 
complicated information and data attributes. 
 
GIS can coordinate drawing information and databases. Previously, plumbing diagrams only indicate approximate 
plumbing configurations. The disgram does not associate with any accurate information, such as construction 
organization, installer, contractor, telephone number, and warranty. With the GIS coordinating capability used, all 
plumbing information is available via search functions. So the plumbing contractor can work quickly and efficiently. 
Traditional shop drawings are limited by the physical size of drawing paper. Now GIS can connect files and 
information beyond the limitation of drawings. 
 
This research interviewed contractors and building managers to understand why it’s difficult to determine a pipe’s 
location. Apparently, only the plumber knew the actual plumbing configuration. Since the plumbing shop drawings 
were referenced by contractors and building managers, other people found the on-site plumbing configuration difficult 
to understand and to perform follow-up maintenance. The plumbing illustrated by GIS should benefit the community 
by providing complete configuration information of local plumbing systems. 
 
2. BUILT TO PLUMBING CODE 
 
2.1. Plumbing classification framework 
If every pipe has an ID number from the framework, it can easily be assigned in a database. The research assigns an 
appropriate code to each pipe according to pipe attribute, location, and branch. This allows the plumbing contractor to 
manage plumbing efficiently. 
 
General building plumbing is divided into water supply, drainage stack, and sewage stack. Each division becomes a 
field listing the attribute of a pipe with the plumbing code making it easy to recognize. Besides shaft plumbing has 
vertical pipes while most plumbing has a horizontal configuration. The research assigned the code, “V”, with vertical 
pipes; other pipes are coded by connection location from a major trunk. This GIS database not only can control and 
understand the subordinate relationships between the pipes, but also their arrangement location. For example, with 
regards to plumbing code D1120, the “D” represent drainage stack, “1120” represent the second pipe in the first 
branch of the first major trunk. For this plumbing code framework, one can ascertain pipe location. Plumbing 
configuration is complicated in buildings since the amount of space is large. It is not enough to describe plumbing 
location by just the forward code. The research assigns building codes and spatial codes before the plumbing code. 
Therefore, every pipe in a building has its own plumbing code. The building’s name is Fifth Comprehensive Building, 
the research assigned it the code name “B5”. After the building name code, a four digit code is used to describe the 
spatial number. For example, the plumbing code for the first branch drainage of the first major trunk for room 917 in 
the Fifth comprehensive Building is B50917D1100 (Figure 3). 
 

 

 

 

 

 

 

B5 0917 D 1100 
Plumbing subordinate relationship 

Plumbing attribute 

Room No. 

Building No. 

 
 

Figure 3: Contents of plumbing ID 
 

For the research, plumbing codes need eleven numbers. The first two numbers are the building code. The third to 
sixth numbers comprise the spatial code. The seventh number is the plumbing attribute code. Research parameters 
are limited to a scan accuracy of 600*600 (maximal matrix is 999*999). The water supply pipe is thin and difficult to 
recognize. The research only assigned codes to drainage and sewage pipes. We use “D” for drainage pipe, “S” for 
sewage pipe. Other pipe systems can use this framework. The last four numbers represent the plumbing’s 
subordinate relationships. Since the shaft pipe has a vertical configuration and the other pipes have horizontal 
configurations, the shaft pipes are assigned the code “V000” to indicate that it is a major trunk in the shaft. Other 
pipes are coded in relation to its position from the major trunk in accordance with sequence permutation. For 
example, the first horizontal pipe from a major trunk is designated as “1000”, the first branch from 1000 is “1100”, and 
so on. Every pipe uses this framework so that it is easy to recognize. 
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2.2. Set layer 
In accordance with the code framework, the research uses Cyclone which is point cloud software to edit the original 
plumbing codes. The original point cloud only has three-dimensional coordinates values and no other attributes. The 
research give every point cloud image of a pipe a layer and a revised plumbing code so that it can be entered into the 
plumbing database. 
 
First, peripheral point cloud data is deleted. Only the main pipe point cloud is kept. In accordance with coding 
framework, the pipes are recorded one by one and assigned a plumbing code. When the layer of plumbing code 
setting is finished, it is saved in a .dxf file format and is easily imported to other software. 
 
3. PLUMBING DATABASE DEVELOPMENT 
The plumbing database is very important for building plumbing management. Point cloud in itself does not provide 
any information. So it completely depends on the database to provide useful information for building maintenance. 
The research, in accordance with the plumbing code framework, changed the plumbing code into ID numbers. In the 
database, we note information about every pipe such as attributes, completion date, warranty period, contractor, and 
contact information. The research uses Excel of Microsoft Office to create the database. 
In the research, the pipe database has pipe IDs, attributes, diameters, materials, installation time, warranty period, 
construction unit, and contact information (Figure 4). All the information is saved in database file format (dBASE III). 
 

 
Figure 4: Plumbing database, from left to right is plumbing ID, attribute, diameter, material, install time, warranty 

period, and construction unit etc. 
 

4. USE GIS TO CONNECT THE PLUMBING DATABASE 
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Figure 5: Information flow 
 

The research used ArcGIS of ESRI for its plumbing management tool. ArcGIS is compatible with different application 
software such as ArcMap, ArcCatalog, ArcScene, ArcGlobe, and ArcReader. Every application software can operate 
either alone or with other software. For example, ArcMap uses data to draw, procees spatial analysis, and integrate 
other information. ArcCatalog reviews, manage, organize, and searches information (Figure 5). The research used 
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ArcScene to rotate, move, and zoom three-dimensional point cloud information. It shows a realistic view of the real 
plumbing using the point cloud information. The command “Identify” allows the user to point to any dot in a plumbing 
point cloud. 
 
With ArcScene, plumbing point cloud is imported to a database and the “Relate” function connects the point cloud 
and database. When a user points to any dot in a point cloud plumbing, the pipe attribute from the database is 
displayed. This allows the plumbing contractor to control any plumbing information easily. 
 
5. DEVELOP A VISUAL PLUMBING INFORMATION MANAGEMENT SYSTEM 
 
5.1. Spatial index system 
For easy accessibility to the index system, the research created a 3D structure model of the building. Every special 
set up is linked to a point cloud plumbing simulation. Any piece of plumbing can be connected to a GIS plumbing 
system. In GIS plumbing, the user can continue to search for follow-up plumbing information. 
 
5.2. Plumbing search system 
The .dxf point cloud file format includes five different types of file formats such as Annotation, MultiPatch, Point, 
Polygon, and Polyline. Others do not need a plumbing search system for convenient follow-up operations. This study 
transform .dxf file into an ArcCatalog shapefile format first. Actually, if more system contents are needed, either the 
whole or part of .dxf file can be transformed into a shapefile. 
 
In this study, a three-dimensional environment is needed. The ArcGIS system uses a three-dimensional file format, 
but most software can only read in two-dimensions in ArcGIs. Only ArcScene can present displays three-dimensions. 
The point cloud shapefile and plumbing database have the same field used to describe the plumbing codes. 
In the test, the three-dimensional plumbing is can be rotated, moved, and zoomed to find a specific pipe. A virtual 
reality display can greatly decrease plumbing problems. Plumbing contractors can actually see the plumbing on site 
via the 3D display. Users can easily point to any plumbing, and connect and display all of information on a particular 
pipe (Figure 6). Plumbers do not need traditional as-built shop drawings or plumbing tests to understand and control 
relative information of any pipe, as well as execute follow-up maintenance or service. 
 

 
 

Figure 6: Plumbing management system 
 

Plumbing in a building is intricate and, cannot adequately follow recorded configuration leading to difficulty in 
maintenance. This study tries to use GIS to connect a point cloud-plumbing configuration and a database. This will 
allow a user to easily use this system to search for the location and pertinent information for a pipe. 
 
CONCLUSION 
Building plumbing is very important to a building. But it was not efficiently managed in the past. This resulted in 
building plumbing having many problems related to use, management, and maintenance. 
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Plumbing changes as the building ages, and tenants move, or facilities increase. If a GIS plumbing system is used, 
checking plumbing status, function, material, construction unit, and warranty period etc is much easier.  It helps the 
manager and plumber know how to keep the system well maintained. 
 
A plumbing point cloud that is used with a GIS to create a database can help a building manager or plumber 
conveniently manage a plumbing system. Its 3D plumbing display can show the same plumbing point cloud 
configured on site. Moreover, the plumbing database can immediately display all attribute information of a specific 
pipe so that a plumber can clearly determine how to maintain and service the pipes thereby decreasing the possibility 
of erroneous judgment and re-configuration. 
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ABSTRACT: This paper describes research into situated analogy-making and its application to digital 
design assistants. It is claimed that computational design support systems that provide designers with 
conceptually distant but contextually appropriate information can assist in designers with the synthesis 
of creative designs. This claim is supported by an example application of situated analogy-making to 
architectural design, adapting a solarium using analogy. The potential advantages of analogical design 
assistants are discussed independently of implementation and a number of possible directions and 
challenges for future work in design by computational analogy are presented. 
 
Conference theme: Digital architecture. 
Keywords: analogy-making, digital synthesis, design agents, situated computing. 
 
 

INTRODUCTION 
The majority of digital design tools focus on the representation of designs. These representations vary with use, from 
concept visualisation aids to precise machining specifications, but rarely expand beyond the documentation and 
presentation of the designer’s intent. One of the goals of current research into the development of design agents is to 
enable computers to contribute to the development and synthesis of designs by actively assisting a designer during 
the design process. This paper outlines one methodology for artificial conceptual design: the use of analogy-making 
agents to adapt design strategies from domains not directly related to the design domain. This research draws on 
concepts from situated computing, notably the subjectivity of knowledge and the constructive nature of memory to 
develop design agents capable of analogical reasoning. The central tenet of situated computing is that knowledge is 
not encoded a priori but is developed and refined in the course of use (Gero 2003). Models of situated analogy have 
been presented previously (Kulinski 2002), the purpose of this work is to demonstrate capabilities and applications of 
these concepts. 
 
The research presented here aims to develop a generalised design agent applicable to any domain, but the focus is 
on how situated analogical design assistants could be of use to architectural designers, particularly designing for 
harsh environments. Analogy can be applied directly to problems of climate as there are instances in the natural 
world of evolutionary adaptations that are well-suited to interpretation as architectural features; for example, the slope 
of an alpine conifer compared to a chalet roof that is well adapted to the prevention of snow build-up. While such 
literal analogies can be of value, the most useful analogies tend towards the more abstract, such as Jørn Utzon’s 
famous analogy of the Opera House’s sails as ribs of a sphere, allowing them to be constructed.  
 
1. ANALOGY 
Plato and Aristotle claimed that there can be a shared abstraction between two objects, an idea, pattern, effect or 
other regularity that is possessed by both of them, and Immanuel Kant argued in his Critique of Judgement that there 
can exist the same relation between two objects. The model of analogy adopted in this research is the Structure 
Mapping Theory (SMT), proposed by Gentner (1983). This defines analogy as a mapping of knowledge from one 
domain (the source) to another (the target) which supports a system of relations known to hold in both domains. In 
the SMT, a relation refers to an association between objects or properties of a domain, eg: “X revolves around Y”, 
and the source and target are represented as a hierarchy of these relations and attributes. This identicality of 
relations contrasts with literal similarity, which is expressed as identicality of properties. SMT describes the 
mechanism of analogy but does not explain the construction of the representations or how they come to be 
homogenous.  
 
In situated computing knowledge is constructed by an agent as a consequence of experiences that involve 
interactions between the agent and its environment. Representations developed through this process exhibit biases 
correlating to the situations from which they emerged. Situated analogy utilises representations constructed by an 
agent that subjectively reflect its context, the state of its environment, and its history. For this reason, representation-
building cannot be considered a separate precursor to analogy or any other cognitive process, representations must 
be able to be perturbed dynamically as the situation and the demands of the cognitive process require. 
 
The purpose of analogy-making is to permit knowledge transfer between the source and target, Figure 1. When an 
analogy is formed a mapping is developed between the source and target that describes the commonalities between 
them. These commonalities form the basis for knowledge transfer based on equivalence. For example, an umbrella 
and a conifer both divert precipitation; the mapping between the two is their shared conical shape. In this analogy it 
can be said that the spokes of an umbrella are equivalent to the branches of a pine tree and therefore knowledge 
about one object can be transferred to the other.  
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Figure 1: Analogy, the transfer of knowledge between a 
source and a target between which a relational mapping holds. 

 
 
Computational models of analogy aim to both understand and apply analogical reasoning. The majority of research to 
date in the field has focussed on the use of analogy in problem-solving tasks, to support deductive reasoning using 
information from a distant domain. Computational models of analogy have two significant problems when compared 
to human analogical thought, retrieval and representation. Retrieval of appropriate source domain knowledge (and 
therefore the selection of an appropriate target for analogy) in most computational analogical systems is based on a 
database of objects and their properties. Selecting from these databases requires an exhaustive search based on 
similarity, a computationally intensive and psychologically implausible act. Computational analogy systems often also 
have serious methodological problems as a result of their representation of knowledge. Analogical reasoning systems 
are often given a set of objects with prescribed attributes and values that represents its domain knowledge. This type 
of knowledge representation often leads to criticism that the system has been blessed with “20/20 hindsight”, i.e. that 
the system has been given knowledge in the exact form required to solve a problem. In other words the program is 
being presented with the answer (Chalmers et al. 1992). Ontologically-based representations have been shown to 
address this (Qian and Gero 1996). 
 
Computational analogy has been the aim of symbolic, connectionist and hybrid systems for over three decades. The 
process of mapping is understood, the challenges for the field now lie in the building of context-sensitive, 
experimenter-independent representations and the development of a better understanding of how long-term memory 
allows analogous situation retrieval (French 2002, Kokinov 1998). 
 
1.1. Analogical processes 
Analogical reasoning can be divided into two categories based on the aim of the process and the available 
information. This typology describes the different processes in analogy, not their motivations or applications. An 
analogy-making entity (hereafter referred to as an “agent”, either human or computational) that knows of a 
source/target pair seeks an explanatory analogy, a process referred to in this research as analogical comprehension. 
An agent that possesses a source object and desires a target is referred to in this research as analogical discovery. 
 
 

 
Figure 2: Analogical comprehension, the process whereby 

an agent receives a source and a target and develops the mapping between them. 
 
 

Analogical comprehension (see Figure 2) occurs primarily when an agent is informed of the existence of an 
analogical relationship, but can also occur when an agent discovers a constraint or relation that it wasn’t previously 
aware of (see Section 2.2). The processes in analogical comprehension are not consecutive, the representations and 
mappings develop concurrently and are affected by each other. The source and target are presented here as being 
external to the agent, but their origins are irrelevant to the process. The process is situated, the behaviours of the 
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agent are influenced by the context in which they are performed and the past experiences the agent has had with any 
of the objects under consideration. While these influences are not depicted here their effects manifest as biases in 
the representations and are reflected in the mappings produced. In an artificial design assistant, analogical 
comprehension can be an aid for perceptual actions (understanding the environment), learning tasks (building a 
model of the world) and communication (explaining ideas in terms another agent will understand). 
 
Analogical discovery (see Figure 3) contrasts with comprehension in that the target is not known in advance. The 
process of target selection is required to determine what object would make a suitable analogy with the provided 
source. As with analogical comprehension, the processes are concurrent, situated and interactive rather than static 
consecutive modules that do not influence each other. Analogical discovery is an exploratory act and can be used to 
provide solutions to problems which are expressed to the analogical engine through situated biases that influence the 
component processes. In a design assistant analogical discovery can be used for synthesis (developing a design) 
and reflection (analysing a design and looking for associations).  
 
 

 
 

Figure 3: Analogical discovery, the process whereby 
an agent, given a source, finds an appropriate analogical target and returns it. 

 
 

2. ANALOGY IN DESIGN 
 
2.1. Agents in design 
The development of computational agents in design research is motivated both by the desire for simulation of human 
designers for analysis and by the desire for artificial agents capable of some aspects of design. In design problems 
the solution space is often ill-defined and there is no deductive path to a solution. Design solutions must be 
synthesised abductively from the requirements and the designer’s knowledge. Analogy offers one mechanism by 
which external knowledge can be used to delimit the solution space.  
 
 

 
(adapted from Gero, 1990) 

Figure 4: The FBS model. Processes which can be augmented by analogical reasoning are in bold.  
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To expand the role of the computer beyond design representation a model of the design process is needed to define 
the role of a design assistant. In this research the Function, Behaviour, Structure ontolog-based model (Gero 1990) 
of design is used. This model divides design into five elements, Function: the design requirements and the design 
object’s purpose, Expected Behaviour: the behaviours the designer believes the design will need to exhibit), 
Structure: the properties and components of the designed object, Actual Behaviour: the behaviours the design, once 
constructed, actually exhibits and Documentation: the description of the designed object. 
 
The FBS model also describes eight processes which make up design, Formulation: production of behaviours from 
function, Synthesis: production of structure from behaviours, Analysis: analysis of structure to determine actual 
behaviours, Evaluation: comparison between actual and expected behaviours, the process of Documentation and 
three processes of Re-formulation: reflecting on structure and changing it, reflecting on structure and changing 
behaviour and reflecting on structure and changing function. The FBS model is depicted in Figure 4. 
 
Within the framework of FBS, analogy is most visibly present in the synthesis of design structure, but analogy can be 
applied to the production of behaviours from design requirements if knowledge of previous design requirements and 
behaviours is available. Analogical reflection can also occur in the processes of reformulation, when a designer 
searches for an analogy which fits something observed in the emerging design, or when a designer realises there is 
some correlation between elements of the design and seeks to understand it. 
  
2.2. Analogical reasoning in design 
Rowe (1987) identifies the role of analogy in design development as a type of autonomous constraint applied by the 
designer to an ill-defined problem. These constraints can take two forms, an iconic analogy, where the designer 
attaches symbolic importance to design elements based on an analogical target, or a canonic analogy, where the 
target is an “ideal” or formal system, such as Cartesian grids or Platonic solids. 
 
Rowe’s autonomous constraints describes the literal application of analogy to design as a means of synthesis. 
Design is an iterative and reflective process, with the designer producing a representation (often an externalised 
representation such as a sketch) and then reflecting on it, leading to unexpected discoveries where the designer 
recognises constraints or requirements that they were not previously aware of. This has been defined as the 
discovery of a new perceptual action with a dependency on a prior representation and is known as a “situated-
invention” (Suwa et al. 1999). These unexpected discoveries can take the form of a correlation or similarity between 
elements of the design, or between a design element and an external object. This triggers a reflective form of 
analogical comprehension, as the designer attempts to understand the discovered relation. An agent capable of 
analogical reflection would therefore be able to refine designs through reflection.  
 
2.3. An example of situated analogy 
To demonstrate the applicability of situated analogy to a design assistant, an example of analogical synthesis will be 
presented. The design is for a glass solarium, but an adaptation is required to let in sunlight but block some of the 
excess heat which makes enclosed, exposed areas unliveable in harsh climates. The solarium is also an important 
part of the overall house design, and therefore aesthetic appeal is a notable secondary factor.  
 
An artificial design agent creates a representation of the design problem. The agent then uses situated matching to 
select a target analogy (another constructed representation) from its memory. In this case, an analogy is made 
between the solarium and the human liver. The liver performs drug metabolisation using specialised enzymes to 
neutralise and carry away toxins from the blood stream. The solarium needs to perform an analogous process to 
absorb and draw away heat from the interior. Another object is needed to be equivalent to the enzymes in the 
solarium. An analogy is drawn between the liver enzymes that neutralise and remove toxins and flowing water that 
absorbs and carries off heat. The “liver” solarium design uses water as an “enzyme” to carry “toxic” heat away from 
the “blood”, sunlight. Water passing over the roof of the solarium will absorb heat from the sun, directly and through 
the glass, and transmit it away from the solarium and down the glass walls to a collection point. The friction of 
passage through the air in droplets will help cool the water, but a cooling system will need to be used to prevent the 
system becoming heat-saturated and to begin evaporating. The completed design is shown in Figure 5. 
 

  
Figure 5: The solarium design produced by an analogy to the human liver. 
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The mechanism underlying this analogy is shown in Figures 6 and 7. The representations of both liver and solarium 
are specific to this analogy and do not contain all the knowledge the designer possesses about either object, only 
those elements critical to the analogy. This specialisation is a result of the situated representation-construction 
process that occurs in parallel with the target selection and mapping development.  
 
 

 
 

Figure 6: The Structure-mapping graph of the source, the solarium. 
 
 

 
 

Figure 7: The Structure-mapping graph of the target, the liver. 
 
 

Correlations between objects can only be performed when there is a commonality of representation, this is a difficult 
task for any knowledge repository broad enough to span both internal organs and recreational rooms. A situated 
agent could overcome this problem by constructing the representations from prior experiences with the objects and 
biasing the representations based on experiences with overheating problems (water being a common coolant), the 
aesthetics of outdoor living areas and previous experiences with any of the factors involved. The representations 
developed from the interactions between the two objects and became homogenous as the analogy developed from 
focussing on the “contains excess” relationship to the “absorbed/removed by” relationships. A non-situated agent 
may not have been able to make the generalisation from enzymes “neutralising” toxins to “removing” them and in that 
case would not have produced this analogy. 
 
Analogies where the target is entirely semantically removed from the domain and the mapping is based on a 
behavioural property rather than a structural similarity can be difficult for a human designer to produce, especially in 
circumstances where the designer does not have extensive experience with the adaptations necessary for a 
particular situation. It is through providing ideas such as this one that design can be assisted by computational 
analogy.  
 
CONCLUSION 
This paper has presented a set of ideas and approaches for the use of analogy to assist design through the 
development of situated analogy-making design agents. It has discussed analogy as an aid to synthesis, where an 
analogy is made between an aspect of the design problem and another object and some property of that object 
becomes an element of the design. It has mentioned the possibilities of analogy being used as part of a more general 
cognitive architecture, with opportunities in perception and reflection and has considered the relation between 
unexpected discoveries and analogies in design. Analogy-making in design is a situated act and that computational 
models of it need to include this. 
 
Future work will focus on the production of a computational system capable of empirically demonstrating the ideas 
presented here. One approach being investigated is to build an agent that can make analogies between visual forms 
(initially simple geometric shapes) in a situated fashion. This analogy-making agent could then be used to assist a 
designer making conceptual sketches, providing ideas and approaches to broaden the designer’s considerations. 
 
Further research into the computational representation of situations and the construction of memory is required for 
the development of integrated design assistants capable of analogy as a general process to be utilised at many 
levels within a cognitive architecture. As this field develops, analogical design assistants have the potential to change 
how designers approach designs, particularly when working in environments that can require unfamiliar or novel (on 
behalf of the designer) adaptations, such as architectural design in difficult climates. 
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houses in Venezuela to improve thermal comfort 
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ABSTRACT: This work aims to investigate the thermal behaviour of low cost houses widespread in 
many regions in Venezuela and discuss their suitability to the climatic conditions, aided by ArchiPak a 
simulation software developed by Dr. Steven Szokolay. The simulation conditions correspond to three 
important cities located in different altitudes: Caracas (880 m), Maracaibo (40 m) and Mérida (1500 m). 
Frequently the occupants complain of low thermal comfort, especially in the warm-humid climate which 
prevails in most of the cities and populated areas. As a solution the owners undergo some 
modifications based in installing air conditioning equipment which is accompanied with additional 
energy consumption and maintenance costs. The results showed that the inside temperature in low 
altitude is very high and houses are uncomfortable the whole year. In middle and high altitude the 
temperatures are close to the comfort zones and it’s possible to improve their performance with 
appropriate design strategies. The modifications that include solar protection in windows and a good 
orientation improve the thermal behavior in a small measure, hence it’s necessary to use together with 
other solutions focused on using materials in walls and roofs with more appropriate thermal properties 
to produce a significant improvement.  
 
Conference theme: Thermal comfort 
Keywords: low cost housing, comfort, energy, simulation, tropical country 
 
 

INTRODUCTION 
A very important part of the Venezuelan population lives near the Caribbean coast where the climate is warm and 
humid almost the whole year. Because poor people represent a very important percentage of the total population 
(about 26 million), the government traditionally have provided economical and technical support to them through 
dwelling programs of low interests loan. The INAVI (Housing National Institute) has been in charge for designing and 
building these housings based on economical criteria; hence the quality is in a second rank, especially thermal 
comfort, acoustic and lighting. Frequently the occupants modify the original design in order to improve their 
performance, and one of the most common solutions is installing air conditioning equipment. Its design is very simple 
and it’s built with materials and components easily found in local stores. The house chosen in this study (INAVI, 
2001) has the same specifications for any location, without taking into account the differences coming from the 
climate as a result of the altitude. In this work a simulation tool is used to study the thermal performance with passive 
cooling of a low cost house very popular in Venezuela, in three important cities located in different climatic zones and 
to discuss the best solutions to improve the thermal comfort of occupants. This work is part of wider research carried 
out by the author (Sosa and Siem 2004, 2005) on building thermal performance in different climatic zones in 
Venezuela that includes multistorey residential and commercial buildings. It is also, a first approach to a guide of 
building design based on the climatic characteristics of each zone and it could be an important contribution to fulfil the 
lack of standard of thermal performance (ENELVEN, 2005). Venezuela has been characterized by the bad habits of 
energy consumption in the population, because of the availability and low cost of energy resources (oil, gas and 
hydroelectric power). A change in the thermal performance of this house will have an impact in the population in 
many ways: thermal comfort, economical and energy saving.  
 
1. METHODOLOGY 
This study is based on simulations of a low cost house, with the original specifications of design defined by the INAVI, 
well-known with the name Chaguaramas, in August, the warmest month in Venezuela. The climatological data 
correspond to three important cities of Venezuela, located in climatic zones identified by their altitude: Caracas (1000 
m), Maracaibo (40 m) and Merida (1500 m). The house’s main façade which have the biggest opening surface was 
oriented north. Based on these results and in function of the passive cooling strategies pointed out by the 
psychrometric chart, some measures related with the shading on windows and the roof components were taken to 
improve the house’s thermal performance. The results were analyzed to evaluate the impact of these improvements 
in relation to the thermal comfort of the occupants and the potential saving of energy, in case that active cooling is 
used. These results were also useful to estimate the adaptability from this design to each climatic zone included in 
this study. Simulations were done with ArchiPak version 5.4, software developed by the Dr. Steven Szokolay, which 
presents important advantages because of its friendliness and complete database information. 
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2. VENEZUELAN CLIMATE 
Venezuela is located between 1° and 13° north latitude, with a varied geography that includes coasts, flat lands, high 
savannas and mountains that reach near 5,000 m of altitude. Although Venezuela lies wholly within the tropics, its 
climate varies from tropical humid to alpine, depending on the elevation, topography, and the direction and intensity 
of prevailing winds. Seasonal variations are marked less by temperature than by rainfall. Several climatic 
classifications have been developed based on different approaches that have taken into account some factors like 
masses of water, rainfall, vegetable basement and topography. The classification proposed by Koppen (Hobaica et 
al., 2002) tries to gather all the factors, constituting an exhaustive division that considers diverse climate types: rainy 
tropical forest, savanna, semi-arid, height tropical, height rainy and perennial snow. A classification carried out in the 
Central University of Venezuela by Hobaica (Sosa and Siem, 2004) is focused in urban areas, where the 
microclimate is influenced by the built environment. The climatic zones were demarcated in function of the air 
temperature that is the most changing variable along the Venezuelan geography; because the solar radiation and the 
humidity vary little. This fact is justified because most of the Venezuelan population (near 90%) lives in cities whose 
altitude varies from the sea level to 1000 m, while 10% of them live between 1000 and 3000 m.  The zone 
classification made by Hobaica was based on the meteorological data of 29 stations contained in the publications of 
the Meteorology Service of the Venezuela Defense Ministry. This macro-classification is the first approach to define 
design recommendations adapted to the climate and to suggest more efficient systems of environmental control from 
an energy efficiency point of view (Table 1). 

 
Table 1: Classification of climatic zones in Venezuela 

Classification Altitude (meters)  
Zone I 0 - 500 
Zone II 500 - 1000 
Zone III 1000 - 1500  
Zone IV Above 1500 
                                                                   Source: (Sosa, Hobaica, Siem, Rosales, 2002) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       

                            
                              Zone I 

 
 
 
 
 

  Zone III 

  Zone II  
 
 
 
 
 Figure 1: Climatic zones in Venezuela 
 
3. METEOROLOGICAL DATA 
The meteorological information used in this work has been obtained from the Meteorological Service of the 
Venezuelan Air Force. This data corresponding to year 2001, include hourly measures of maximum and minimum 
temperatures; relative humidity; wind speed and direction; global, direct and diffuse irradiation.  
 
4. PASSIVE COOLING POTENTIAL 
During the first steps of building design it is necessary for the participants of the project to choose a cooling technique 
that ensures a sufficient degree of comfort and to evaluate the energy consumption and the energy gain due to the 
use of a passive cooling technique. Several methods offer more or less precise information about the thermal building 
behavior and the evaluation of buildings equipped with passive cooling systems. Givoni and Szokolay developed a 
method to define from the Psychrometric chart areas of comfort in function of different passive cooling strategies. 
This approach provides useful qualitative information for architects and building designers on the feasibility of a 
passive cooling technique based on comfort aspects. Nevertheless, it is necessary to quantify the potential of each 
cooling technique and to calculate the energy gain achieved by using a passive cooling system. In previous works 
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(Belarbi and Allard, 2001; Hobaica et al., 2002) simulations aimed to evaluate the climatic potential of some of 
passive cooling techniques were made as a way for setting down the basis for their application in accordance with 
Venezuela’s varied climate. The first estimates provided promising results in order to complement design strategies 
for obtaining suitable levels of comfort while reducing energy spending. The methodology used in these works follows 
a simplified procedure based on valuation indexes developed by the University of La Rochelle in the framework of the 
European projects Pascool/Joule and Altener/Sink. This procedure gives the necessary information for developing 
design tools that could be used to improve indoor comfort at reasonable energy costs. For each studied passive 
cooling system, it is possible to define evaluator factors which characterize the climate conditions, the nature of the 
technique, potential of the sink and the building type. These factors allow comparison of the different passive cooling 
techniques potential. Knowing the characteristics of the used fluid properties and of the natural source of cooling, 
called the sink, evaluator indexes dealing with the cooling potential of passive systems could be defined. For the 
passive cooling systems which operate with the same air mass flow rate and the same fluid (air), an index is defined, 
IPTheoretical, of comparison of the theoretical potential that depends only on the sink by TSink(t) and the climate of 
the site by TInlet(t), IPTheoretical = [TInlet(t) - Tsink(t)]dt  measured in degree-hours (°h). The simulation results 
(Hobaica et al., 2002) the potentials of passive cooling in six Venezuelan cities located in different climatic zones 
were estimated based on degree-hours calculation as a complementary approach of thermal building evaluation. 
They were considered respectively, a temperature of design of 25 ºC and a relative humidity of 75%. These results 
are related with a research stream at the Central University of Venezuela, which aims to explore the possibilities of 
the use of different cooling strategies to conform an Atlas of Passive Cooling Strategies that serves as guide for 
architects, engineers and builders when making design decisions. In that work strategies of direct and indirect 
evaporation, radiant cooling and buried tubes were explored and their potential were calculated as shown in Figure 2. 
This information allows to guide the search of the most appropriate strategies for each climatic zone and to deepen 
the search of appropriate solutions to each climatic condition. When analyzing these results it is possible to verify that 
concerning the systems of buried tubes and radiative cooling it is possible a total covering for Caracas, Maracaibo 
and Mérida, while the evaporative cooling strategy is not appropriate for Maracaibo. The main aim of this paper is to 
fine tune this study by applying the theory to specific cases.   
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 Figure 2: Covering of passive cooling potential in Venezuelan cities  
 Source: (Hobaica, Allard, Belarbi, Rosales, 2002)
 
5. BUILDING DATA  
The Chaguaramas House, shown in Figure 3, is one of the most popular houses built by INAVI (Housing National 
Institute) because of its dimension and cost. It has been designed with the minima requirements that accomplish the 
housing national system. It has the necessary spaces for a family of 5 people. It has a parking area and a garden to 
the front, and to the bottom a courtyard where the housing can grow in horizontal form in the future according to the 
need and possibilities. Other data are: total land area:  200 m² (10 mx20 m); house area: 68 m² approximately; steel 
structural system; walls: hollow bricks of 20 x 30 x 10 cm; floors: slab on ground; windows: metal frame, single clear 6 
mm glass; doors: metal frame, inset panels; pitched roof: tiles, asphalt, timber deck 1½  cm.   
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Figure 3: Chaguaramas House: isometric and plane view

Source: (INAVI, 2002)
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6. SIMULATION CONDITIONS 
Simulations were running for a complete year (2001) based in the data from the Venezuelan Air Forces. The house 
was oriented with the main façade to the North. Facades north and south have the biggest window surface. The data 
of the materials and components were obtained from the technical specifications which appeared in the INAVI official 
documents. Other information are: 5 family members, interior volume of 154 m3, rate of 3 air change per hour, a gain 
of internal heat estimated in 300 w. The warmest month in Venezuela (August) was chosen to compare the results of 
the three cities. In each city two case studies were also defined: original components and improved proposal; whose 
properties appear in Table 2. 
 

  Table 2: Building data     

  BUILDING DATA CONDITION = ORIGINAL     
 Volume (m3) = 154 Ventilation rate (ac/h) = 3 Internal gain (w) = 300 Position = normal 

No typ cod prent orient length W/H U AU sgf Rso abs Y decr tlag asg AY 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 16 17 18 

1 f 32 0 -1 7.8 6.8 0.79 41.7 - - - 6.00 0.00 0.0 - 318.2 
2 w 03 0 360 7.8 2.6 2.14 36.2 - 0.06 0.50 4.51 0.49 6.4 - 92.5 
3 o 30 2 360 2.4 1.5 6.00 21.6 0.76 - - 6.00 - - 0.64 21.6 
4 w 03 0 90 8.9 2.9 2.14 47.9 - 0.06 0.50 4.51 0.49 6.4 - 113.8 
5 o 30 4 90 1.2 0.6 6.00 04.3 0.76 -  6.00 - - 0.64 04.3 
6 o 90 4 90 1.0 2.1 3.24 06.8 0.60 - - 3.24 - - 1.00 06.8 
7 w 03 0 180 7.8 2.6 2.14 33.8 - 0.06 0.50 4.51 0.49 6.4 - 90.8 
8 o 30 7 180 2.4 1.2 6.00 17.3 0.76 - - 6.00 - - 0.64 17.3 
9 o 90 7 180 0.7 2.1 3.24 04.8 0.60 - - 3.24 - - 1.00 04.8 
10 w 03 0 270 8.9 2.9 2.14 54.0 - 0.06 0.50 4.51 0.49 6.4 - 113.8 
11 r 40 0 -1 6.8 7.8 2.55 135.3 - 0.04 0.50 2.58 1.00 0.3 - 136.8 

  BUILDING DATA CONDITION = IMPROVED     
No typ cod prent orient length W/H U AU sgf Rso abs Y decr tlag asg AY 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 16 17 18 

3 o 30 2 360 2.4 1.5 6.00 21.6 0.23 - - 6.00 - - 0.19 21.6 
11 r 44 0 -1 6.8 7.8 0.34 18.1 - 0.04 0.50 1.52 0.96 1.9 - 80.6 

 
 
7. STUDIED CITIES  
Three cities have been selected in this study, located in different altitudes in order to obtain a wide spectrum of 
results that allow extrapolating them to other cities of the country. These are: Caracas, capital of Venezuela, 4.5 
million inhabitants, 880 - 1000 m of altitude; Maracaibo, second city, center of the oil industry, 2.0 Million inhabitants, 
40 m of altitude; Merida, city located in the mountain chain of The Andes, important university and tourist center, 
300,000 inhabitants, 1500 - 1700 m of altitude. The 2001 climatic data are shown in tables 3, 4 and 5. 
 

  Table 3: Climatic data for Caracas  
  latitude: 10.5 °N; longitude: - 66.9; altitude: 865 m  
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  

1 T. 
max 23.12 23.89 23.93 27.40 27.86 25.90 26.35 27.63 26.71 26.61 25.15 25.58 degC 

2 SD. 
max 1.28 1.69 1.81 1.30 1.06 0.92 0.80 1.01 1.38 0.96 1.21 1.30 K 

3 T. 
min. 15.55 15.50 15.82 17.74 19.45 19.16 18.95 19.84 19.00 18.95 18.01 16.57 degC 

4 SD. 
min 1.48 1.26 1.27 3.51 0.93 0.85 0.77 0.87 1.31 0.80 1.14 1.27 K 

5 T.av 18.78 19.02 19.33 21.8 22.82 21.85 21.87 23.07 22.33 22.14 21.00 21.27 degC 

6 RH. 
am 71.68 71.46 76.19 72.90 79.00 80.13 80.23 74.52 75.33 75.74 78.80 70.81 % 

7 RH. 
pm 48.48 40.89 46.29 39.93 43.29 51.17 45.58 42.42 52.40 49.68 65.17 45.84 % 

8 Rain. 16 25 10 131 29 39 120 106 171 198 49 199 mm 

9 Irrad. 4375.00 4586.00 4945.00 5052.0 4287.00 5101.00 5258.00 5940.00 4699.00 4249.00 4177.00 3780.00 Wh/m2

  Table 4: Climatic data for Maracaibo   
  latitude:  10.6 ° N; longitude: - 71.7; altitude: 40 m  
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  

1 T. 
max 30.80 31.19 31.35 32.76 32.74 33.35 33.74 34.02 32.52 32.66 31.79 32.25 degC 

2 SD. 
max 1.55 1.34 1.31 1.10 0.86 1.10 1.06 1.20 1.06 1.30 1.36 0.98 K 

3 T. 
min. 22.51 23.28 23.68 24.79 25.14 25.19 24.77 25.11 24.32 24.54 23.90 23.23 degC 

4 SD. 
min 1.14 1.03 0.73 0.67 0.86 0.95 0.83 1.31 1.17 0.81 0.92 1.18 K 

5 T.av 26.09 26.56 26.91 28.06 28.22 28.80 28.56 29.25 27.92 27.98 27.29 27.08 degC 

6 RH. 
am 76.32 70.68 69.81 68.80 74.26 69.03 69.71 70.39 80.17 81.35 78.93 74.61 % 

7 RH. 
pm 59.00 55.75 53.81 54.43 60.13 54.80 53.29 54.10 60.97 59.87 61.50 55.19 % 

8 Rain. 0 0 0 41 121 55 30 131 291 142 43 -9 mm 

9 Irrad. 4297.80 4503.65 4857.48 4963.16 4212.84 5009.18 5165.14 5832.32 4615.32 4273.33 4103.29 3714.10 Wh/m2

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 189 



 
  Table 5: Climatic data for Mérida  
  latitude:  8.6 ° N; longitude: - 71.3; altitude: 1498 m  
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  

1 T. 
max 25.24 25.09 25.71 25.47 26.73 25.70 26.16 27.72 26.69 26.25 25.38 25.45 degC 

2 SD. 
max 0.58 0.99 1.39 1.82 1.58 1.65 1.16 1.76 0.87 1.27 1.23 1.29 K 

3 T. 
min. 14.01 14.63 16.04 16.41 17.21 16.37 16.35 16.96 16.51 17.05 16.22 16.15 degC 

4 SD. 
min 0.87 0.97 0.90 0.75 0.86 0.74 0.56 0.70 0.69 0.63 0.88 1.10 K 

5 T.av 19.13 19.18 20.28 20.15 20.86 20.39 20.51 21.38 20.66 20.75 19.99 20.09 degC 

6 RH. 
am 54.68 58.04 54.84 56.30 60.26 60.33 59.42 55.81 55.57 63.23 56.57 58.32 % 

7 RH. 
pm 42.61 44.61 50.29 51.97 51.52 51.43 45.39 41.55 45.07 52.19 50.97 50.19 % 

8 Rain. 67 215 64 156 109 168 102 307 182 209 160 110 mm 

9 Irrad. 4814.05 4779.78 4707.55 4410.81 4185.94 4280.05 4622.75 4623.41 4749.24 4426.43 4324.14 4049.50 Wh/m2

 
 
8. RESULTS 
The psychometric diagram allows studying the relationship among the climate of each one of the cities, the comfort 
zones and the potentials of passive cooling strategies. The results obtained from ArchiPak can be analyzed in figures 
3 to 5.   
 
8.1 Results for Caracas 
The Mahoney Tables obtained from ArchiPak offer the following design recommendations to Caracas: orientation 
north-south (long axis east-west), compact estate layout, no cross ventilation required, large opening sizes: 50-80% 
of wall surfaces, full permanent shading, rain protection required, lightweight walls and floors construction: of low 
thermal capacity, lightweight roof construction: well insulated, adequate rainwater drainage is important. ArchiPak 
use the Control Potential Zone (CPZ) method to show in the Psychrometric chart the relationship between climate 
and passive cooling strategies to building design. According to the Figure 5, the temperatures in Caracas are below 
the upper limit of comfort temperature (Tu) almost the whole year. The same figure shows the possibilities of 
employing the cooling effect of the air movement to improve the thermal comfort if necessary.      
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 Table 7: Annual load requirements for Caracas 
 Controlled mode (kWh) Free-running mode (K.h) 
 Heating Cooling Underheated Overheated 

Original 4652 4022 1384 11815 
Improved 3854 1397 336 4100 
Difference 798 2625 1048 7715 

% 17 65 76 65 
 
8.2 Results for Maracaibo 
The Mahoney Tables obtained from ArchiPak offer the following design recommendations for Maracaibo: orientation 
north-south (long axis east-west), open spacing to allow for breezes, single banked rooms for full cross-ventilation, 
large opening sizes: 50-80% of wall surfaces, opening in N and S walls: body level on windward side, full permanent 
shading, light weight walls and floors construction: of low thermal capacity, light roof construction: reflective surface 
and cavity between roof and ceiling. According to the Figure 7, the temperatures in Maracaibo are always above the 
upper limit of comfort temperature (Tu). The same figure shows the possibilities of employing the cooling effect of the 
air movement to improve the thermal comfort as the main design strategy.     
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Figure 9: CPZ for the cooling effect of the air 
movement in Mérida 

 
Simulations made with the original conditions and an improved version in Mérida are shown in Figure 8. According to 
these results the maximum temperature reached in the original house is 34.2 °C and in the improved version is 29.0 
°C, which is below the extended limit of comfort temperature with an air movement of 1 m/s (30.52 °C) shown in 
Table 10. It means that it is quite easy to get the comfort zone with little changes.  
A comparison of the annual load requirements in Mérida between the original house and the improved version is 
found in Table 11. The potentiality of energy saving (kWh) is 64% in controlled mode and a reduction of 80% K.h in 
free-running mode. 
 

 Table 10: Annual temperatures for Mérida 
 Tcomfort= 26.72 °C;   T1m/s= 30.52 °C;  T1.5m/s= 31.82 °C 
 Environmental Temperature Dry Bulb Temperature 
 Ti.av Ti.max Amplitude Ti.av Ti.max Amplitude 

Original 27.7 34.2 6.5 25.7 30.5 4.8 
Improved 26.8 29.0 2.3 24.9 26.6 1.7 
Difference 0.9 5.2 4.2 0.8 3.9 3.1 

 
 Table 11: Annual load requirements for Mérida 
 Controlled mode (kWh) Free-running mode (K.h) 
 Heating Cooling Underheated Overheated 

Original 9584 1158 2178 2456 
Improved 7941 415 218 479 
Difference 1643 743 1960 1977 

% 17 64 90 80 
 

9. DISCUSSION 
Analysing the results corresponding to the three cities it’s possible to appreciate big differences in potentialities for 
passive cooling. This remark reinforces the observation about the inadequacy of the same house design for different 
climatic zones in Venezuela. It is interesting to observe that the temperature in Merida stays below the temperature 
limit of the comfort zone 55% of the time, while Maracaibo never reaches temperatures below this same limit which is 
a measure of potentiality of using passive cooling techniques for improving the thermal performance. 
Reviewing the curves of temperature in August, it could be noticed that in Caracas the Ti.max is 37.9 °C and that it 
decreases at 35°C, a reduction of 2.9°C, applying a shading factor of 0.3. In the case of Maracaibo these values are 
42.9 °C and 40 °C, a reduction of 2.9 °C. In the case of Merida, the values are 33.7 and 31.7, a reduction of 2 °C. As 
a conclusion it could be said that applying other more appropriate strategies to each climatic region could achieve a 
better thermal behavior by these houses and to offer the comfort required to their occupants. It should take into 
account that this will be achieved in a simpler way in the case of Merida and also in Caracas because the climatic 
conditions would allow it. In the case of Maracaibo the solutions are more complex because the high values of 
temperature and humidity restrict the application of passive cooling; the most suitable solution according to the 
psychometric diagram is increasing the natural or mechanical ventilation. It would be necessary to also consider the 
use of the active-passive hybrid cooling. 
Concerning the annual load requirements for cooling is noticeable that Maracaibo has very high values in both cases: 
11626 kW (original) and 8304 kW (improved), which represent an important issue to the energy saving plans. As 
presented by the simulations it is very difficult to reach the comfort zone even with air movement. The big differences 
related to the results obtained for Caracas (4022 and 1397 kW) and Mérida (1158 and 415 kW), where it is possible 
to get the comfort zone almost the whole year, show the inadequacy of this design in the low altitudes zones. It is 
important to remark that the majority of the Venezuelan population live in this zone.  
 
CONCLUSIONS 
The results of the simulations allow the inference that the thermal performance of the Chaguaramas House is 
different in each climatic zone considered in this study; hence it has a different level of architectural adaptability to the 
climatic conditions. The temperatures reached in the original version are too high in the three climatic zones included 
in this study and they are above the comfort temperature during the warmest month (August). The improved version 
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offer an appropriate level of thermal comfort to the occupants that live in areas located in high altitude like the city of 
Merida (1500 m). In the case of Caracas, which is in a middle altitude (880 m), comfort is achieved during the coldest 
months (November, December, January, February) and almost completely in the warm months (June, July, August). 
In the case of Maracaibo (40 m), comfort is not achieved during any time of the year. The main problem comes from 
the climatic conditions because the very high readings of temperature and humidity allow the use of few strategies. 
The ventilation is an important help in this case, hence a good solution could be a combination of new materials and 
components for walls and roofs that improve the thermal behavior of the housing, and the use of the natural and 
mechanical ventilation. It should be explored in another investigation, to take additional measures that could change 
the design of the house, that which was not in the objectives of this work. Among these measures it can be 
considered: to use more appropriate materials to warm climate in walls and roofs, to increase the window area to 
favor the ventilation, to modify the basic design and to propose specific solutions according to the orientation, to use 
mechanic ventilation if the area where the housing is located doesn't have air currents. These first results confirm the 
initial assumption concerning the inadequacy of this design and they allow to tune the next works on dwellings and 
multistory residential buildings. 
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This study involves the assessment and restructure of the existing digital media components within the 
Bachelor of Design Studies degree, in accordance with the requirements graduates face when entering 
the workforce. The key objectives were to a) ascertain our students’ intended study paths, and their 
interest in studying specific areas of digital media, and b) to determine the relevance of digital media 
within the fields of occupation that stem from this program. 
 
Employers’ expectations regarding potential employees, and the nature of projects graduates 
experience when they enter the workforce were ascertained through interviews with industry 
professionals. Questionnaires were created to determine current students’ interests regarding digital 
media. These questionnaires concentrated on students’ experiences so far in the program, and 
determined specific areas of digital media they were interested in studying. 
 
The interviews emphasised the growing importance of digital media within all fields of design. Strong 
digital skills are especially important for architectural graduates, as they will initially work primarily for 
drafting and presentation purposes, while they are trained in the design principles of the firm. The 
surveys demonstrated an appreciation for digital media across all areas of design.  
This study assisted in three major outcomes within the Bachelor of Design Studies program.  
 
Conference Theme: Education of future architects 
Keywords: Digital Media, Education, Graduate Outcomes 
 

 
1. INTRODUCTION 
 
1.1 Objectives 
This research has been carried out in order to assess and suggest the restructure of the digital media components 
within the Bachelor of Design Studies degree, at The University of Adelaide, in accordance with the requirements and 
opportunities graduating students face when entering the workforce. The core objectives for the study were a) to 
determine the importance of digital media within the fields of occupation that can stem from the Bachelor of Design 
Studies Degree, and b) suggest the inclusion of these areas of digital media within our curriculum. 
 
A series of secondary objectives was also established. As this study is intended to act as a tool to help restructure 
our program is was important to determine the drive of our students, their goals, and their intentions upon completion 
of the Bachelor of Design Studies degree; for example whether they intended to go on with either the Architecture or 
Landscape Architecture degrees or pursue alternate routes of study, such as the Masters of Digital Media Program. 
 
As the digital components within all fields of design are continually evolving it was crucial to also assess the existing 
digital media elements within the Bachelor of Design Studies degree, to establish whether they need to be 
restructured, and if so, how to do it. This included examining both the hardware and software in current use, and 
comparing them with industry standards across Australia. While completing this part of the project it was imperative 
to bear in mind the hardware and software upgrades required to accommodate new areas of digital media within our 
program, and assess the feasibility of such a restructure. 
 
The final aim of this study was to attain the opinions of experienced architects, graduate architects, other relevant 
professionals (such as web designers, graphic designers, film & animation experts), and current students, as to what 
should be included in our curriculum. 
In order to achieve the required objectives two sets of data collection were carried out, a) a series of interviews with 
industry professionals and recent graduates and b) questionnaires aimed at first and second year Design Studies 
students. 
 
1.2 Literature Review 
In recent years there has been much discussion regarding possible approaches to teaching software packages to 
students and incorporating these digital skills into design-based courses. Dr Susan Pietsch, from The University of 
Adelaide, raises the concern that too much emphasis is being placed on the “keystroke approach”. In other words, 
students spend too much time learning the technical aspects of a program rather than using it as a design tool. Dr 
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Zbigniew Bromberek, of The University of Tasmania, adds to this in a paper presented at AASA 2005 in Brisbane, by 
questioning whether specific software packages should be included in the curriculum at all, leaving this choice to 
students. 

The huge range of other ‘essential’ software means that vast commitment would be required from people new to all 
the worthy packages to master them. Then, it is more than likely that the package, mastered at great expense of 
time and effort, will not necessarily be the one that the employees or clients need. There is not enough time to train 
in any particular software package. 
 

While this is accurate in some cases, particularly CAD software, many features and tools are interchangeable, 
Graphisoft’s ArchiCad and AutoDesk’s Revit for example, and it is therefore quite easy to pick up skills in a new 
program. The importance of incorporating specific software packages into the curriculum becomes more evident after 
discussions with architects, as Jason Schulz, Director of DASH Architects, emphatically states, “the first thing I look 
for in a prospective employee is which software packages they are familiar with.” The key aspects to bear in mind are 
a suitable selection of software programs to include, and their delivery within an appropriate vehicle. 
 
2. METHODOLOGY 
 
2.1 Interviews 
The initial step in setting up the interviews was to determine the fields of occupation to target, firstly by establishing 
which professions stem from the Design Studies program and accompanying degrees, and secondly by evaluating 
the emphasis on digital media within such fields. Architecture, Landscape Architecture and Urban Design were three 
key areas that needed to be addressed, along with web design, graphic design, film and visual effects, animation and 
game production. After contacting several companies and firms across South Australia and discussing the project I 
was able to secure a number of interviews. The interviewees included Jason Schulz, Director of DASH Architects, 
Tony Clark, a partner of Rising Sun Pictures, visual effects artists from Rising Sun Pictures, Dale Turner, Director of 
Bridgehead Australia (Web and Graphic Design), Tim Dawson, from Ratbag Games, and recent architecture 
graduates Poppy McNee, from Hassells Architects, and Lachlan Rose, from DASH Architects. I was also able to draw 
information from interviews I conducted in 2003 with architects such as Damian Madigan, then of Flightpath 
Architects, Ian Hore, of Walter Brooke Architects, and Steve Grieve, of Grieve Gillett Architects. These interviews 
were conducted in conjunction with the honours thesis Architectural Representation, which focused on the use of 
digital media within the preliminary stages of design and representation in residential architecture. 
 
The questions raised in these interviews were specific to the relevant profession however there was some overlap. 
Initial questions addressed broad topics such as the interviewee’s official position and their involvement with recent 
company projects, while following questions covered more specific details such as personal opinions regarding digital 
media within their immediate field, along with the software packages in current use and the hardware requirements 
they face. The interviews conducted with professionals in prominent positions, such as Jason Schulz, Tony Clark and 
Dale Turner, also included questions relating to prospective employees, such as required educational backgrounds, 
technical skills and abilities, design flair, and the appropriate means of presentation, for example CVs, portfolios and 
showreels. The primary aims of these interviews were a) to establish the key attributes industry professionals are 
looking for in prospective employees and b) to determine the nature of projects graduates face when they first enter 
the workforce. 
 
2.2 Questionnaires 
The second source of information regarding this study was current first and second year Design Studies students. It 
was important to gain an understanding of the opinions and attitudes of current students regarding digital media 
within the program, their areas of interest regarding design and also their intentions upon the completion of the 
Design Studies degree. In order to gain such information two questionnaires were created, for first and second year 
students. The two questionnaires were specific to the relevant year level, however as with the interviews, there were 
overlapping areas. The opening section of the questionnaires concentrated on the students’ personal experience with 
digital media in Design Studies to date. I was interested in firstly establishing whether the students had enjoyed their 
experiences with digital media, and secondly whether they had found such experiences relevant to their current 
studies. The majority of questions featured in the questionnaires used the Likert Method, where a statement is 
presented to the respondent and a seven-point scale is provided ranging from ‘strongly agree’ to ‘strongly disagree’. 
This method allowed relatively simple data analysis, for, as Robert Burns’ states in Introduction to Research 
Methods, “[this] method is based entirely on empirical data regarding subject’s responses rather than subjective 
opinions of judges.” Respondents were, however, also presented with some open-ended questions allowing them the 
opportunity to discuss, more freely, their opinions. The advantage of including such questions is based around the 
belief that respondents could provide unanticipated responses leading to new discoveries. 
 
To help establish the students’ interest in specific digital media subjects I included a question that allowed students to 
express their opinions regarding the inclusion of such areas within Design Studies. The specific components were a) 
web design, b) graphic design, c) architectural and landscape visualization through animation, d) architectural and 
landscape visualization through image composition, e) character animation, and f) visual effects. The second year 
students were presented with one additional question regarding specific digital media components. They were asked 
whether they were interested in taking part in an elective subject that focused on character animation and the 
creation of a short, team-oriented, animated film. This question was included in response to my discussions with 
Jason Schulz and Tony Clark, both of whom emphasized the importance of digital media within their specific fields 
and the importance of teamwork. One other key difference between the two questionnaires was that the second year 
students were broken down into two groups: those who chose CAD II, a digital media-based subject, as their elective 
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in second semester, and those who did not. These two groups were then referred to as CAD II students and non-
CAD II students. 
 
The final section of the questionnaires concentrated on the students’ expectations regarding their future studies, 
whether or not they intended, at least at this stage in their University career, to go on to either of the two professional 
degrees (Bachelor of Architecture, Bachelor of Landscape Architecture), or follow an alternate route of study. The 
respondents were also asked to add any written comments they had regarding digital media within Design Studies. 
 
3. RESULTS 
 
3.1 Architectural Interviews 
In general, the architecturally based interviews highlighted the importance of digital media within our course, as there 
was a mutual understanding that, at least during the initial stages of a contemporary architect’s career, solid CAD 
skills are essential. Jason Schulz stated that, “the first thing I look for in a prospective employee is which software 
packages they are familiar with.” He also indicated that graduate architects are generally used for drafting and 
presentation purposes, while they are trained in the design principles of the firm, a belief supported by recent 
architecture graduates Poppy McNee and Lachlan Rose. Drafting and presentation in architecture relate directly to 
CAD (computer-aided design) and other digital media aspects, illustrating the importance of teaching our students 
these skills. In the digital age we live in our students need solid computer skills to strengthen their employment 
prospects upon completion of their studies. 
 
The other key point to arise from this group of interviews was the specific software packages in general use. DASH 
Architects, along with a growing number of firms across South Australia and Australia, use Graphisoft’s ArchiCad as 
their primary CAD program. In recent years ArchiCad has grown to become one of the principal CAD packages in the 
world, and is the number one software package for architecture in the UK, a location that draws a high percentage of 
graduate architects from Australia. This is again supported by McNee and Rose, along with other graduates I have 
talked to during the process of conducting this study, who both plan to head to London in the near future. 
 
Adobe Photoshop was the other software program that rose to the fore during these interviews. Schulz stated that 
often the most effective presentation method, at least for smaller budget projects, is a “streetscape composition 
image”, where a computer generated image of a design is superimposed on a photograph of the site. This process is 
usually carried out in Photoshop along with a number of other key presentation aspects, such as multi-layered 
images, image manipulation, and general portfolio work. Schulz, along with other architects consulted for this study, 
emphasized the importance of graduates possessing competent Photoshop skills. 
 
The last issue raised from this group of interviews was the growing demand for the digital approach from the end 
users. As Stephen Pacey from RIBA Journal notes, technological advances seen in fields such as cinema, computer 
games and television have brought about “an increased expectation for a similar level of quality within architectural 
presentations from planners, councils, and general clients”, furthering the conviction that the importance of digital 
media within architecture cannot be underrated. Moving beyond the clients’ growing demand, the advantages of the 
digital approach extend to the end user’s understanding of a design. As Austin Williams, technical editor of The 
Architects’ Journal, states: 

In a world where clients are not versed in architectural language, the (digital) 3D format is the most accessible way 
to convey a brief back to the client. 

New Zealand architect Shaun Peyman adds: 
People want to see what they are going to get. You need to take the interpretation out of it [the presentation] and 
lower misinterpretation. 

 
3.2 Design and Animation Interviews 
Dale Turner, Director of BridgeHead Australia, cast light over the fields of web design and graphic design, discussing 
the technical skills and design flair graduates require should they hope to enter such areas of design. At this stage 
the software package in common usage for web design is the Macromedia Studio, which includes programs such as 
Dreamweaver, Flash and Director. Turner did however stress that, “the most important aspect of a prospective 
employee is their design flair.” He continued by stating, “it’s much easier to teach someone a program than it is to 
teach them how to design.” Despite emphasizing this aspect, Turner did acknowledge that graduates with a strong 
knowledge of digital media, specifically the Macromedia Studio and, again, Photoshop, were viewed favourably. It is 
also important to discuss the different Photoshop skills graduates must possess for specific areas of design. Within 
architecture and landscape architecture a large percentage of the work done in Photoshop focuses on image 
composition and print-quality. When designing for the Internet however, file sizes and types come to the fore, and the 
designer must have a strong knowledge of image manipulation and file size management. Photoshop relates heavily 
to all areas of digital design, and there are specific skill sets employees must possess if they are to excel in their 
chosen field. These facts suggest that future Design Studies students need to have a diverse understanding of 
Photoshop to suitably accommodate their chosen field upon completion of their studies. 
 
The last group of interviewees represented the film, visual effects and gaming industries. Two separate interviews 
with Tony Clark, partner of Rising Sun Pictures, yielded interesting discussions about the digital media background a 
graduate requires if they are looking to break into either the animation or visual effects industries. Such disciplines, 
built upon a foundation of digital media, are continually evolving and Clark stressed the advantages of the digital 
savvy employee. While supporting Dale Turner, by emphasising the importance of a prospective employee’s design 
flair, he indicated there are many digital skills that are also required. Once again Photoshop came to the fore, in this 
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instance concentrating on image manipulation, blending and refining for personal portfolios and showreels. A strong 
background in 3D modelling and animation is also a necessity, however as many tools in 3D software packages, 
such as AutoDesk’s 3DS Max and Alias’ Maya, are interchangeable, a specific program was not recommended. 
When pushed to comment on 3DS Max, the current 3D modelling and animating program in use within Design 
Studies, he stated it was a “powerful tool for many facets of digital media and was on a par with any other package 
available on the market.” The only reservation he had with 3DS Max was that it doesn’t run on a Mac environment. 
Tim Dawson, from Ratbag Games, reinforced Clark’s positive opinion of 3DS Max, rating it either higher or level with 
other 3D software packages.  
 
3.3 Teamwork 
One issue that triggered much discussion during these interviews was teamwork. Clark reiterated comments made by 
both Schulz and Turner in previous interviews that good team skills are essential in any area of design. Whether this 
school produces architecture or landscape graduates, animators, visual effects artists, web designers or graphic 
designers, they will all invariably work in a team environment. Rising Sun Pictures is an excellent example of this, as 
much of the time as many as 70 to 80 people can be working on the same project (Clark 2005). Bearing this in mind 
a stronger emphasis must be placed on teamwork within the students’ learning environment, especially in digital 
media courses, so graduates make a smoother transition from study to work (Tucker 2005). 
 
3.4 Questionnaires 
As discussed earlier the second source of information for this study came from current Design Studies students. The 
two generated questionnaires looked at the students’ current experiences with digital media within Design Studies, 
which specific areas of digital media they are interested in studying, and what their expectations are regarding future 
studies. The first year survey results, featuring 65 respondents (a response rate of 81%), showed a positive response 
towards digital media across most areas. Only 65% however, gave a positive rating (a score ranging from 5 to 7 on a 
Likert scale) towards the digital media components they had experienced so far, this low figure largely due to their 
work with FormZ, the existing software package that introduces students to 3D modelling. This program was poorly 
received for a number of reasons. Firstly, many students were agitated by the continual software bugs that inflicted 
FormZ, one student stating that this affected her learning outcomes, “by lowering my confidence when it came time to 
bringing my design to the computer screen.” Others questioned the relevance of learning a program that is not 
consistently used in professional environments, while further comments focused on the difficulty of altering designs 
once they had already been modelled. Despite such negative comments, 89% of students responded positively when 
asked whether these experiences had proven relevant to their studies, indicating that there was a definite interest in 
learning these skills, and an understanding that it was an essential part of succeeding in their chosen career paths. 
Students’ minimal contact with Adobe Photoshop also proved to be most positive, adding further weight to the 
importance of this software. Figure 1, on the following page, shows the first year students’ mean response to the 
three questions relating to their experiences with digital media to date in Design Studies. 
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Figure 1: First Year Design Studies students mean response. 

A 7 point Likert scale is used, where 1 = strongly disagree and 7 = strongly agree. 
 
 

The responses the first year students gave to more specific areas of digital media were particularly positive. When 
asked whether they would like to see the inclusion of such digital media components within the Design Studies 
degree the responses were as followed: 92% responded positively to digital graphic design, 91% to architectural and 
landscape visualization through animation, and architectural and landscape visualization through image composition, 
and 81% to character animation, and visual effects. Only web design generated a comparatively low positive 
response at 54%. As discussed previously these statistics were compiled using a Likert scale with responses ranging 
from 7 (strongly agree) to 4 (undecided) to 1 (strongly disagree). Figure 2, below, shows the first year students’ mean 
response to each of the presented digital media topics. 
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Figure 2: First Year Design Studies students mean response to specific digital media topics. 

A 7 point Likert scale is used, where 1 = strongly disagree and 7 = strongly agree. 
 
 
The other key issue to arise from these questionnaires was that a substantial percentage of students (25%) did not 
expect to go on to either the architecture or landscape architecture degrees, adding further weight to the belief that a 
stronger emphasis needs to be placed on other areas of design within the Design Studies program. There is a high 
level of interest regarding digital media within students and an ever increasing demand for digital media experts, both 
here and abroad, and as a result Design Studies must be seen as a broad design degree, not a specific introduction 
to architecture. 
 
The second year survey produced similar results to those seen in first year. I broke the respondents into two 
categories, CAD II students and Non-CAD II students, in order to obtain more accurate results. CAD II, a second 
semester elective, is the only subject specifically related to digital media in second year and I felt it would provide a 
more accurate representation of the students’ opinions to separate and compare the students who chose to 
undertake a digital media elective in second year and those who did not. In total there were 56 respondents (a 
response rate of 75%), 37 CAD II students and 19 Non-CAD II students. The CAD II students responded 
encouragingly towards their digital media experiences to date (81% positive) and showed indisputable evidence 
regarding the relevance of digital knowledge within Design Studies (97%). Once again high levels of interest were 
shown when asked about the possible inclusion of specific digital media components within Design Studies, as 
shown in Figure 4. In this instance 60% responded positively towards web design, 89% to digital graphic design and 
architectural / landscape animation, 92% to architectural / landscape image composition, 84% to character animation, 
and 81% to visual effects. 
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Figure 3: Second Year Design Studies students mean response. 

A 7 point Likert scale is used, where 1 = strongly disagree and 7 = strongly agree. 
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One extra question was included in the second year survey regarding a specific course for third year. 84% (31 
respondents) showed a high level of interest in undertaking a second semester digital media elective that focused on 
character animation, visual effects and the creation of a short, group-oriented, animated film. These encouraging 
statistics were supported by the responses from Non-CAD II students, and it is important to note that CAD II had a 
specific number of placements available and that these were all filled. While only 53% of Non-CAD II students found 
their digital media experiences to date enjoyable, 74% stated that they had proven relevant. Figures 3 and 4, show 
the comparisons between the responses from CAD II students and Non-CAD II students. When asked about specific 
digital media areas the responses were as follows: 63% responded positively to web design, 79% to digital graphic 
design, 90% to architectural / landscape animation, 63% to architectural / landscape image composition, 63% to 
character animation, and 68% to visual effects. 79% (15 students) showed a high level of interest in the 
aforementioned proposed digital media subject. These statistics clearly show the growing interest in digital media 
within Design Studies students. Once again a substantial percentage (37%) of students did not expect to go on to the 
architecture or landscape architecture degrees, suggesting that a more structured pathway to alternate routes of 
study, such as the Masters of Digital Media program, must be constructed within the undergraduate degree. 

 
 

Second Year Respondents
"I would like to see the inclusion of the following fields in the Bachelor 

of Design Studies Program."

4.8

6.1 5.9 6.1 5.8 5.8

4.6

5.8 5.7
5 4.8 4.8

0

1

2

3

4

5

6

7

Web Design Graphic Design Arch Animation Image
Composit ion

Character
Animation

Visual Ef fects

Topic

M
ea

n 
R

es
po

ns
e

CAD II
NON-CAD II

 
Figure 4: Second Year Design Studies students mean response to specific digital media topics. 

A 7 point Likert scale is used, where 1 = strongly disagree and 7 = strongly agree. 
 
 
4. DISCUSSION 
The key issues arising from this study are as follows. It has become clear that there is adequate demand and 
increasing interest amongst our students to create a broader base of digital media components within the Design 
Studies program, to respond to the growing call for digital media experts in the workplace. A more structured lead-in 
to the Masters of Digital Media must also be commenced, in order to effectively provide an alternate route of study for 
those students who are not interested in going on to either the Bachelor of Architecture or Landscape Architecture 
degrees. 
 
As indicated by Jason Schulz, Joe Croser, Austin Williams and recent graduates Poppy McNee and Lachlan Rose, 
our architecture students must attain a strong knowledge of CAD and architectural visualization if they are to meet 
the expectations of employers and make a smooth transition from study to work. The interviews with architects also 
demonstrated that ArchiCad should to be more of a focus within the architecture program, developing both 2D and 
3D skills, as opposed to a four-week entity in third year, Design Studies. Not only has ArchiCad become one of the 
most widely used CAD packages within architecture, the student licenses are extremely cheap allowing a greater 
range of programs to fit within our budget. AutoDesk’s AutoCad is a more suited alternative in the Design Studies 
program as it has a stronger general-design nature, as opposed to ArchiCad’s architecture-specific nature. 
Photoshop skills are essential in almost any field stemming from Design Studies and as a result should also be 
emphasised within our course from first year. An elective course that encompasses all areas of the program, from 
image manipulation, blending and composition, to size management and resolution, is one option to provide our 
students with the necessary skills. 
 
FormZ should be replaced as the introductory modelling program in first year due to continual software problems, 
expense, its minimal use within professional circles, and the disparaging attitudes of students. @Last’s Sketch Up, a 
surface modelling program (as opposed to a solid modelling program) is one suitable replacement as it is used within 
professional practice, is a much more economical option, is compatible with the AutoDesk range, and is more suited 
to the nature of first year projects (Pietsch Shannon McCarthy 2006). Sketch Up also features an accurate sun 
analysis system, allowing users to study the solar gains of their designs, another important link to first year students. 
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It is vital that students are aware of performance issues such as lighting, shading, solar analysis and ventilation from 
an early stage in their architectural studies. 
 
3ds Max, the current primary 3D modelling package within the school, is a powerful modelling, animation and 
visualization tool, on a par with any other advanced 3D package, and should be retained. It is compatible with both 
AutoCad and ArchiCad (one major advantage being that model files can be imported from these programs to test 
artificial lighting systems through its advanced lighting settings), and while licences are reasonably expensive, it is 
already embedded in our system and as a result only upgraded licences are required, as opposed to introducing a 
new package, such as Alias’s Maya, where full licences would need to be purchased.  
 
The discussions with Tony Clark, and the results from the second year survey, indicate that there is an opportunity to 
include new digital media components within third year. The data from the surveys suggest both a growing interest in 
digital media and a significant percentage of students looking for alternatives to the architecture and landscape 
degrees, following Design Studies. CAD III, the current first semester CAD elective subject in third year, allows 
students to experience different forms of architectural visualization and basic introductions to web design and 
animation, however, there is a limit as to how much information can be assigned to one course and how far students 
can develop new skills is such a short time frame. Restructuring CAD III into a Digital Media elective that 
concentrated on the creation of a short, group-oriented, animated film would allow students to experience more 
advanced digital media topics, provide a more suitable stepping stone to the Masters program, and allow other areas, 
such as architectural and landscape visualization, to be incorporated into their respective and more specified 
programs (McCarthy 2006). 
 
As discussed previously, one topic that came into conversation through all of the interviews, especially with Tony 
Clark, was the importance of teamwork. When graduates enter the workforce, most projects or tasks they face will 
have a team basis, and as a result it is important to consider this in all courses within the Design Studies program, 
especially digital media courses. The proposed third year course promotes teamwork, the evolving nature of digital 
media in design, and providing students with a range of future career paths, including character animation, film and 
visual effects. It is vital that our education system stays up-to-date with the evolving trends of digital media, as it has 
become a major part of every facet of design. In unison with this, the demand for digital knowledge from students and 
the call for digitally savvy employees from the workforce, continue to escalate. 
 
REFERENCES 
 
18-08-2003, Schulz, Jason, Director of DASH Architects, Interview. 
20-08-2003, Madigan, Damian, Flightpath Architects, Interview. 
25-07-2005, Turner, Dale, Director of BridgeHead Australia, Interview. 
04-08-2005, Schulz, Jason, Director of DASH Architects, Interview. 
25-08-2005, Clark, Tony, Partner of Rising Sun Pictures, Interview. 
01-09-2005, Clark, Tony, Partner of Rising Sun Pictures, Interview. 
02-09-2005, Rose, Lachlan, DASH Architects, Interview. 
07-09-2005, McNee, Poppy, Hassells, Interview. 
12-09-2005, Dawson, Tim, Ratbag Games, Interview. 
 
http://www.arch.vuw.ac.nz/summer_research.html 
Bromberek, Z., (2005), ‘Computer use in architectural studies from a teacher’s perspective: a UTas case study’, in 

Holt-Damant, K., & Sanders, P., (Eds.), Drawing Together: convergent practises in architectural education. 
Proceedings of the 3rd International Conference of the Association of Architecture Schools of Australasia, 
Brisbane, Australia, UQ & QUT for the AASA. 

Burns, R., (1990), ‘Introduction to Research Methods’, Longman Australia Pty Ltd, Melbourne. 
Croser, J., (2001), ‘ArchiCad v7’, Architects’ Journal, pp48-49, Emap Communications, London. 
Pacey, S., (2001), ‘Bring in the Experts’, RIBA Journal, pp81-82, St. Ives, Plymouth, UK. 
Pietsch, S., (2005), ‘Post what? Dilemmas in digital design education’, in Holt-Damant, K., & Sanders, P., (Eds.), 

Drawing Together: convergent practises in architectural education. Proceedings of the 3rd International 
Conference of the Association of Architecture Schools of Australasia, Brisbane, Australia, UQ & QUT for the 
AASA. 

Pietsch, S., Shannon, S., McCarthy, J., (2006), ‘Changing Track – Form Z to Sketch Up – rationale, tactics and 
outcomes’, to be presented at ANZAScA Conference, November, 2006, Adelaide. 

Tucker, R., (2005), ‘The development of innovative teaching methods, informed group structures and fair assessment 
models for the teaching of group design projects’, in Holt-Damant, K., & Sanders, P., (Eds.), Drawing 
Together: convergent practises in architectural education. Proceedings of the 3rd International Conference of 
the Association of Architecture Schools of Australasia, Brisbane, Australia, UQ & QUT for the AASA. 

McCarthy, J., (2006), ‘What do first year students think about learning graphics packages’, to be presented at Ascilite 
Conference, December, 2006, Adelaide. 

Williams, A., (2000), ‘What IT’s Doing, What IT’s Not’, Architects’ Journal, p41, Emap Communications, London. 
 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 200 



 
Lessons on Architectural Simulation taken from 

Drawing and Gaming 
 
 

Peter Wood and Henry Skates 
 

Victoria University of Wellington, New Zealand 
 
 

The computer game The Sims is the most popular computer game in the history of the genre. This 
paper examines what it is about this game that makes it so popular and asks how this might be relevant 
as an example of simulation technology. Furthermore it is argued that this the game manipulates the 
‘abstraction’ of the game play through the apparent crudity of the graphic interface. It is suggested that 
a ‘gap’, or distancing, from an image has always been a component of non-digital architectural drawing. 
Typically architects have relied on a pictorial abstraction between a drawing of a building and an 
actually building, and if seen as expressions of ‘building simulation’ offer examples of the limitations in 
pure mathematical simulation. 
 
Conference Theme: Digital Architecture 
Keywords: environmental simulation, computer gaming, architectural drawing 
 
 

INTRODUCTION 
“All science should be scholarly, but not all scholarship can be rigorously scientific. . . The terrae incognitae of the 
periphery contain fertile ground awaiting cultivation with the tools and in the spirit of the humanities.” 
John Kirtland Wright 
 
This is not a scientific paper yet we hope it holds some pertinence to scientific research in the field of building 
performance simulation. It is our contention that while the computer encourages degrees of mathematical accuracy 
that could only be imagined just a few years ago, they also tend toward the creation of rational environments 
somewhat removed from the irrational and arbitrary ways human beings actually occupy buildings. This is not a 
criticism, simply an observation. With reference to the computer game The Sims, and the drawings of architect Aldo 
Rossi, we hope to show that sometimes an important component in architectural simulation is the acknowledgement 
that human activity does not always follow scientific reason. Following John Kirkland Wright observation, we feel it is 
the unscientific nature of this paper that makes it a useful contribution to simulation concerned with improving the 
built environment. 
 
The Sims – People Simulator 
The Sims is the most successful title in the short history of PC gaming but its appeal is not immediately apparent, at 
least not to the authors. It lacks the adrenalin driven game-play of first person ‘shooters’, or the labyrinthine 
strategising of tactical games. There is no narrative structure to drive the challenge, and nor is there any challenging 
problem solving. On the technical side it is graphically friendly without being exciting, and the sound-scape consists 
of electronic elevator music and the incomprehensible mumblings of the characters. 
 
As a game The Sims consists of a digitally simulated domestic environment (hence the games name) in which a 
player directs the behaviour of a ‘family’ of characters. There is no obvious end goal for the game other than keeping 
the characters alive to accumulate material wealth and social relationships.  
 
The games designer, Will Wright - an architecture school drop-out - has described developing the game as a 
dollhouses simulation in which a player outfitted a model house in order to influence the occupants positively. The 
point was to simulate home ‘ownership’ in the sense that a player would take individual responsibility for the 
decoration and furnishing of a digitally constructed home. 
 
Originally called Home Tactics: The Experimental Domestic Simulator, (Keighley) the prototype game was literally a 
dolls house that Wright had conceived of after a house fire required him to rebuild his own home. The experience of 
purchasing domestic necessities to rebuild the centre of a new domestic world lead to his speculation about a 
computer game that could approximate the way in which people occupy their houses. Unfortunately executive 
reactions to the prototype of Home Tactics were negative. As Wright himself acknowledged, the idea of a dolls house 
for adults just does not seem marketable (Wright, 2000). 
 
The breakthrough in the games evolution occurred when Wright realised that the attraction of The Sims as a 
simulation programme lay not in manipulating the buildings, but the people. In 1997 Home Tactics was picked up 
again (following the success of another Wright simulation game, SimCity) and was released in January 2000 as The 
Sims (Keighley). 
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Creating an Architectural Environment Digitally 
Exactly what makes The Sims so popular is not immediately obvious. Our experience of The Sims is somewhat less 
than glorious. With the authors first ‘family’ attempts to speed things up by leaving the game running unattended lead 
to all the furniture repossessed and the characters dead from starvation. The next attempt was worse. A failure to 
undertake cooking lessons lead a stove fire which spread through kitchen and burnt to death the characters sitting at 
the dinning table. With practice the authors have learnt how to keep characters alive and now they only suffer the 
usual household problems of poor upkeep, little maintenance, no money, and even less sleep. So in this sense the 
game does now successfully simulate real-life and perhaps this is the point of The Sims, to approximate reality 
closely enough to make the game seem empowering?  
 
One clue is in the games influences. When developing the The Sims Wright turned to architect and educator 
Christopher Alexander. For Wright, Alexander’s research on environmental behaviourism and architecture provided a 
framework to understand how a simulation program might become an entertaining interactive activity. As he wrote:  
 
“I was really interested in how a game could possible show how the design of something could impact the way people 
behave and live within it. I think that's a deeper lesson that I would hope that a lot of people take away from The 
Sims. Even so, it's not necessarily that a building that would work well in The Sims would work well in real life, but 
just the fact that there is a real link there between behaviour and environment.” (Wright in Foreman, 2001:npn) 
 
Wright’s distinction - that a successful building in The Sims might not be as successful in ‘real-life’ - highlights certain 
representational limitations in this programme. To attempt to render a building in The Sims would inevitably fail as the 
software is not designed to accommodate the ‘realities’ of the concrete world. Elements such as natural and artificial 
lighting, thermal and acoustical properties, material and constructional restrictions; all are subordinated to the efficacy 
of the game play. The formal palette is too limited to provide expressive three dimensional forms, and even the most 
imaginative buildings in The Sims are clumsy boxes utilising faux columns and peaked roofs. Indeed, even the social 
interactions needed to be made palatable for children, so much so that babies are made by kissing passionately 
(Wright, 2000). 
 
At the same time The Sims offers something not found in professional simulation software: independent people. Or at 
least artificial characters that behave in a manner meant to reproduce the complex predictability of human behaviour. 
The depth or correctness of the behavioural patterns in The Sims is probably not grand. In practice characters have a 
limit AI capacity built around eight basic ‘needs’: hunger, hygiene, bladder, comfort, energy, social, fun, and room 
(Foreman, 2001). Each category is keep in balance by being provided for in a harmonious way, and while it is a 
simplistic formula variations between characters coupled with randomized events and interactions with other 
characters ensures that complex variety occurs and careful pastoral care is required. This duty of care is the key to 
the addictive appeal of The Sims. In the context of computer gaming it is unusual in that it does not simulate a 
physical world but instead it attempts to replicate the behaviour of humans, and with that it moves into moral and 
ethical dimensions.  
 
However, as Gonzalo Frasca observes, even then the Sims is less about human relations than ‘life administration’ 
(Frasca, 2001). The games designer admits that it can start to feel like juggling:  
 
“You start to realise that you basically don’t have enough time in your day to do everything that you want to do. And 
you’re rushing form this to that to this, and then you’re able to make these time decisions. . . . then all of a sudden, 
the whole pile comes crashing down.” (Cambron, 2002).  
 
Little wonder then that Frasca stopped playing the game when she realised she was becoming a virtual housemaid 
even as her actual home fell into disorder. Kathleen McGowan is more forthright in her criticism; the point of the 
Sims, she says, is to be the boss of the banal, with the quickest route to happiness in the game being the acquisition 
of ‘stuff’ (McGowan, 2003). 
 
The rampant consumerism that motivates, rewards, and defines the games developments is the most alarming 
ideological aspect of The Sims. As Gonzalo Frasca sees it, the game promotes the accumulation of material 
belongings in order to facilitate all other aspects of the reward scheme (Frasca, 2001). As an example, owning an 
entertainment centre encourages other characters to visit and therefore benefits ones social quotient. To assume a 
Buddhist stance on material processions inevitably results in some social or physical catastrophe. 
 
In the increased time zones of The Sims we can test the that maintaining a balanced lifestyle, advancing careers, 
nurturing families, investing in friends, and developing extracurricular interests real does bring a better quality of life, 
or not. In this regard the game is a simulation of everyday life as defined by John Fiske. It is concerned with the 
culture of what is concrete, contextualized, and lived, and it is therefore difficult to investigate academically (Fiske, 
1992: 154-5). 
 
The ‘People’ Effect in Action 
On example from our failed attempts to master The Sims might help illustrate this point. The authors are fond - some 
say desperate - fans of the fine addiction called coffee. So when we discovered that the characters in The Sims could 
avoid sleep by consuming coffee we bought firstly a drip coffee machine, and then a home espresso machine, to 
increase productivity. Sadly we projected our values into the game as though it was a simulation we had a personal 
stack in, and productivity actually dropped as coffee dependency replaced a balanced management. The temptation 
to do this in The Sims is compelling, and it is not helped by the fact that one can achieve so much so much quicker 
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than in ones own ‘reality’. Indeed, the coffee machine in The Sims looked better than the one in our staff room. 
Inevitable the cross-identification of material desires makes The Sims attractive as an alternate world works the same 
but which offers everything so much quicker. 
 
What makes this work in The Sims is the graphics. Although it is a game of systems and interactions rather than 
images, the graphics are integral to establishing a positive feedback loop form playing. Furniture, plants, pets, carpet 
and wallpaper, everything is selected from a pixelated catalogue, and there is about this a naïve charm that harks 
back nostalgically to first generation PC games but also to first person experiences. 
 
From Dolls House to Computer Simulation 
This has much to do with the processes of miniaturisation that The Sims utilises. In this sense it is much more like a 
dolls-house than Will Wright might have imagined. Susan Stewart has observed that the dolls-house was originally an 
adult amusement, and its two dominant motifs have always been wealth and nostalgia (Stewart, 1993:61). 
 
Traditionally the dolls-house demonstrated both though its scale and quality of its execution. The Sims takes this 
display a step further and allows players to accumulate surplus wealth but the principle is the same. Stewart 
continues that the dolls-house works as a world of arrested time that ‘stops’ the outside world; a dolls-house is not a 
simulation but a fantasy with the difference being the way in which the fantasy abandons the world it is 
approximating. The Sims differs from a dolls-house in this regard as the artificial intelligence that controls the 
behaviour of characters never allows a full control, as the stove fire that killed my last family illustrated so well. 
However Stewart’s main point is still true, the miniaturised world of The Sims is nostalgic in so far as it attempts to 
simulate an ordered world of open possibilities that we generally associate to childhood (Stewart, 1993:145). 
 
The key to The Sims success in this regard may not be the games visual accuracy, but perversely its pictorial 
abstraction. As Wright has discussed it, a highly detailed game field is not necessarily more interesting, it just 
requires more processing power (Cambron, 2002). In Wrights view what is important is the consistency of abstraction 
so that no single part appears more concrete than any other: “In fact you want the entire world and the entire 
representation to be abstracted at almost the same level. At which point it holds together very nicely.” (Wright in 
Cambron, 2002:npn) 
 
The implication of this abstraction is a visual ‘chunkiness’ of the user interface. This is very true of the architectural 
information. The houses are of regular rectangular rooms snapped to a one metre grid and with a limited palette of 
textures and patterns, and while an infinite number of combinations can be compiled none of the results is ever very 
diffident from any other. The effect, according to Wright, is to require the user to ‘fill in the blanks’ from their own 
imagination much in the manner that child fleshes out the abstraction of a dolls house into a miniature world (Wright 
in Cambron, 2002:npn). 
 
Abstraction then is not a failure of the simulation to provide comprehensive information but rather it is an opportunity 
for the user to input information of their making. That this requires a creative imaginative act - the ‘gap’ provided by 
abstraction - should not detract from the fact that is input is still a data source and is therefore reinforcing the 
simulation processes. In principle someone playing The Sims is engaged in a research experiment where they 
manipulate a defined set of criteria in a ‘what if’ cycle, although it is not always clear whether reflective parameters 
exist to quantify the result. Consequentially the success, or otherwise, of this testing is harder to define. As a ‘game’ 
we might expect that The Sims has a target, goal, or standard that needs to be achieved in order for success or 
failure to be gauged, but in practice The Sims is a simulation of a reality that we wish to exist rather than one that one 
which does exist. 
 
Simulating the ‘Gaps’ 
We feel the success of The Sims owes much to how we see the everyday aspects of our lives. In a capitalist society 
it is inevitable that the visual domain be dominated by consumerist paraphernalia, and it is a fact of The Sims that the 
obvious attributes of the houses dominant. For example, characters do not have the option to meditate when 
agitated, instead they watch television and gain more relaxation rewards from a plasma screen television at that. In 
The Sims even do nothing needs to be conveyed pictorially. 
 
At the same time pictures are also a useful tool for unlocking aspects of our unconscious. As architectural theorist 
Robin Evans has explained it, our understanding of the world is dominated by vision yet these images in which we 
locate ourselves are never fixed but are themselves abstractions of a reality that lies beyond ourselves (Evans, 
1995). This suggests that our perceptions of ‘reality’ are already a type of simulation in which we can only occupy the 
gaps. Evans continues: 
 
“The magic in pictures is often explained as due to their transmission of feeling or to their mimetic properties, but it is 
more likely that their inexhaustible mystery arises from the fact that they externalize an aspect of perception, or that 
they appear to externalize it, as if one were seeing the thought itself, which does not happen with words or numbers 
in the same way.” (Evans, 1995:357) 
 
This, we suggest, is how The Sims works – it presents a model of desirable presentation that a player feels is their 
own. The accuracy of this model is irrelevant as it is the visual impact which is important. It is a simulation of a 
desired space rather than an actual space. 
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Furthermore, we suggest that traditional architectural drawing has long attempted to simulate a particular type of 
space. This space - often oversimplified as that of ‘representation’ – is a system of projection where architectural 
drawing stands for a built work as a visual metaphor based in codes of convention and regulation. In this view the 
drawing attempts to maintain a condition, which Michel Foucault has defined as utopian; that is, the architectural 
drawing is the site of an architecture with no real place of its own (Foucault, 1986). The architectural drawing 
presents an ungrounded architecture, firstly in terms of its representational quality, but more importantly, by the way 
in which the architectural project is necessarily organized by temporality – much like the dolls-house - to displace the 
intention of representation from the drawing action onto the responsibility of drawing to represent a built work. The 
architectural drawing can be seen to encompass all those works where the integrity of architectural representation is 
maintained through its intention, rather than in spite of it, and this can be found in arguments that maintain the 
neutrality of the drawing. 
 
The ‘Gaps’ in Traditional Architectural Drawing 
The drawings of Aldo Rossi are an extreme example of this phenomenon. Perhaps more so than any other major 
architect of the last fifty years, Rossi’s widely publicised drawings are a personal record of architectural inquiry. With 
Rossi, the drawing is not only concerned with the hand, it is the presence of the hand - its tactility, speed, and 
momentum – that invests in his work a vitality and immediacy that have become the characteristics of his drawing 
style. We might say that for Rossi architecture and drawing, and the drawing of architecture, are one and the same. 
 
Discussing Rossi, Rafael Moneo argues the case that discussions of architecture are always discussions of 
architectural representation. While buildings cannot be separated from an act of building, architecture can, and is, 
treated as parallel to an act of architecture (Moneo, 1985). In Moneo’s view Rossi’s drawings act to provide an 
anticipation of his buildings that is not simply a visual metaphor but a sophisticated visual simulation where the spirit 
of the building is communicated.  
 
“Thus the operation of building serves, if we reserve the terms, to materialize the drawing, to ‘make it real’.” (Moneo, 
1985:314) 
 
Rossi’s drawings frequently challenge the boundaries of architecture’s representational objectivity by including 
subject matter that evokes a much wider spectrum of pictorial experience.  
 
In his 1993 image, Il natale di Diana, a conjunction of elements collide in a domestic scene: hand, coffee pot, 
glasses, dog, door, picture. Yet these images remain related to architecture, or at least the problem of architecture. 
Against the authority of codified architectural representation, it would be easy to dismiss the inclusion of common 
domestic artefacts as at best marginal. Yet to do so with Aldo Rossi’s drawings would be to jettison much of the 
richness of his architectural vision. Within the institutional space of the compositional frame all material is given some 
equality through its inclusion. To differentiate between classes of information on the premise of representational is to 
forcibly narrow the parameters of Rossi’s architectural s, and therefore also the possibility of a non-pictorial 
simulation. Referring again to Stewart, she has identified a tendency to cast the marginal from the centre - the place 
of authenticity, sincerity, and consensus - to the abstract. These are the signs of an architecture which has been 
made peripheral through the centralised dominance of familiar convention. Against the hegemonic authority of plan, 
section, elevation, etc., other forms of notation, whether biographic, narrative, analogous, or metaphoric, become 
secondary and marginal (Stewart, 1993:62). ‘Second-hand’ in Stewart’s wording, but we draw a parallel between this 
and Will Wright’s reference to the ‘gap’ of abstraction. In both cases we are discussing an interstitial space between 
simulation and representation that allows a player, or drawer, to insert them into the model under discussion. 
 
The authority of traditional architectural drawing, based in orthographic projection, is structured around limits defined 
by Cartesian geometry. Principally, architectural drawing is not permitted to discuss anything outside of rational 
objectivity and seeks to exclude the subjective – the gaps and the second-hand. 
 
Yet the fundamental character of Rossi’s Il natale di Diana is wholly subjective. If there is architecture in this drawing 
it is one made implicit rather than explicit. Here the rational tangibility of architectural drawing is suppressed in favour 
of an abstracted and calculated effect of interiorised subjectivity that challenges traditional drawing practices. 
 
As a counter-site, Rossi’s drawings no longer seek to establish their authority in a realm of constructed authority 
beyond the representational domain, but rather posit the drawing as a speculative realm with its own spatial 
parameters.  
 
For this reason Rossi adopts strategies of representation normally excluded by a conventional architectural drawing 
program. The presence of self-referential material, the allegorical, narrative, biographical, and scalar juxtaposition, all 
seek to reposition the dialogue of architectural drawing away from a projected and objective external world, and onto 
a subjectified one internally organized. The purpose of this shift is to re-authorize architectural drawing as a 
conceptual spatial site rather than simply a representational spatial one. In this way Rossi’s drawings become real 
sites of architectural speculation, which construct their own simulated space of architecture.  
 
But rather than simply undermine the importance of drawing as a representational realm, these ruptures reinforce the 
power of drawing to operate as a spatial simulation in its own right, one able to change and evolve and consequently 
advance the practice of built form rather than be subjugated to traditional representational authority. 
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And so often the point of this is to remind us that while architecture may be conceived of remotely through the 
objective machinery of computers and drawing boards it nonetheless is defined by its servitude to the human frame 
and all its fragilities, and the dolls-house is the perfect capsule to present this reminder. 
 
Visual versus Tactile Simulation Phenomena 
Interno con il Teatro del mondo is an image of Rossi’s where the simulated domesticity of the dolls-house is so 
apparent. A model of classical architecture is presented on a table alongside items of domestic consumption – 
glasses, models, pictures, etc. It is an image not held in a pictorial relationship but an experiential one. These objects 
are not to be understood as purely visual phenomena but as a set of experiences defined by tactility.  
 
This tactility parallels the tactile imperative found in traditional architectural drawing in the form of the translation to 
building. For the modern architect the act of constructing on the drawing board is an abstract proxy of the direction 
given by a master mason during the guild tradition of building construction (Fawzy, 1991). In the Medieval practice 
the master mason directed the construction of a building with a ‘hands on’ direction (Harvey, 1971). By comparison 
the architect who draws touches only the page and the pencil, and it is these that in turn ‘touch’ the direction of 
construction. Rossi references the distance of touch throughout his drawings by the inclusion of objects that are 
touched compulsively. He alludes to the fact that this might be the case in the foreground imagery of Interno con il 
Teatro del mondo, where the cigarettes and drinking glass refer to activities not only of touch but also of smell and 
taste, addiction and destruction. To this end the parchment-like quality of the tabletop is evocative of a skin onto 
which these experiential references are incised. Interno con il Teatro del mondo is not a painting but an architectural 
drawing that challenges the ability of any architectural drawing to convey the complexities of architectural experience 
by emphasising the difference between visual and tactile phenomena. Thus the tabletop, with its whitened palimpsest 
surface, shifts between readings as dirty tablecloth and whitewashed wall, and brings to mind Alvar Aalto’s term for 
the first sketch – “the white table.” (Alter in Hewitt, 1985: 3). It is a simulation of a state of architectural domesticity. 
 
In The Fork of Man (1980) Rossi reiterates this by transposing an image of a coffeepot with more conventional 
architecturally represented forms to produce two distinctly different solutions to the problem of the scalar juxtaposition 
of a domestic object and a tectonic form (Rossi, 1979). Here architecture has been brought forward to the coffeepot. 
The suggestion of a horizon line in the background is countered by the foreground presence of a cup and fork so that 
the plane upon which the comparison is taking place is not tectonic but domestic - the surface of a table. The 
comparison is possible through the reduction from a drawing to a drawing of a model where the coffeepot should be 
understood as full-size and ‘proper’. Against this, Rossi alters his hatching style to provide a manipulative reference 
between the coffeepot itself to compositionally enhance the typological relationship between the pot and the model. 
Architecture has become domesticated, and is therefore intimately involved with the passage of the hand 
(Bunschoten, 1992). 
 
With Rossi, as with The Sims, the coffee pot is emblematic of life that is regulated and recorded by consumption to 
be sure, but also social ritual and celebration and the relationship between everyday artefacts and Platonic forms. As 
Rossi wrote:  
 

“Today I still like to draw these large coffeepots, which I liken to brick walls, and which I think of as structures 
that can be entered.” (Rossi, 1981:2) 

 
Rossi associates the humble coffeepot with that genre of simulation devices whose functionalism precludes 
personalization: the apparatus, the instrument, the tool. Yet we should be careful not to dismiss a coffeepot as merely 
utilitarian any more than we can accept it as purely spatial (Lehman, 1999:169). Coffee, after all, is not essential to 
human survival, indeed it could be argued to be both symbolically and consumptively representative of a civilized and 
cultured society (much like architecture itself). By using drawing to blur representational scalar distinctions, Rossi 
liberates typological expression in a unique and idiosyncratic way. 
 
CONCLUSION 
It may seem a small thing that The Sims and Aldo Rossi have coffee in common, but to the authors the lesson to be 
taken from each is the importance of acknowledging the limitations, expectations and assumptions behind simulation 
models. If we are not prepared to acknowledge that the second-hand or the gaps are important places of abstraction 
then we risk relying on simulations that are exceedingly accurate models of states of living which we, as human 
beings and not machines, cannot maintain 
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ABSTRACT: The teaching models common to Australasia can be antithetical to those of its Asian 
neighbours. Australasian andragogy is a bottom-up student-centred mode of knowledge transmission 
promoting extroverted learning styles, whilst in Asia andragogy is commonly a top-down teacher-
centred model promoting introspective learning. Yet these teaching styles are in opposition to the 
cultural-systems attributed to Asia and the West. Such socio-cultural differences have been recognised 
at Deakin as contributing to the difficulties international Architecture and Construction Management 
undergraduates experience when asked to learn in multi-disciplinary collaborative teams. This paper 
presents the initial stages of a study currently running as a reflexive research program aimed at 
resolving these learning difficulties. The primary aim of this program is to inform a new culturally 
inclusive andragogy for design teaching. The outcome of the research questions are addressed 
through a triangulated analysis that will be introduced in this paper including: the formative appraisal of 
student satisfaction through questionnaires; the summative evaluation of student achievement through 
the analysis of grades and the assessment of knowledge and skills gained through the measure of 
student design projects; and illuminative evaluation through focus group discussions and the 
observation of tutorials. 
 
Conference theme: Education of future architects 
Keywords: collaboration, internationalisation, culturally inclusive design andragogy 
 
 

INTRODUCTION – A CULTURALLY INCLUSIVE ANDRAGOGY OF COLLABORATION FOR 
FUTURE SUSTAINABILITY 
The Department of the Environment and Heritage of the Australian Government acknowledges that future 
sustainability demands establishing opportunities within tertiary education to incorporate collaborative and 
multidisciplinary learning (ACTS, 2004). Although collaborative (or what might more accurately be termed 
cooperative) learning in architecture schools reflects the design process in successful professional practice, the 
approach is not without shortcomings as a teaching and learning archetype for design (Gokhale, 1995). The major 
hurdle is not the application of concrete knowledge, but the ability of students to navigate the process of transition 
from theory to practice in a collaborative setting. Students are not educated in the skills needed to work in an 
effective collaborative environment, and this hampers the development of their design skills in the studio (Kilker, 
1999). Moreover, in the context of multicultural studios, the western model of good team skills may not necessarily be 
appropriate for multicultural teams (Bosley, 1993).  

The difficulties of instigating the andragogical shift needed to emphasise collaboration might therefore be seen to be 
compounded by the increasing cultural diversity of Australian Higher Education. Department of Education, Science 
and Training figures (DEST, 2004) reveal that the number of international students, the majority of who are of Asian 
origin, enrolled at Australian universities has doubled in less than a decade. In 2004, 1,577 out of the 6,571 students 
enrolled in architectural courses were from overseas (DEST, 2004). For these high numbers of students of different 
cultural backgrounds, who when starting at a new university overseas are faced with many social obstacles as well 
as an educational background structured around an almost antithetical teaching perspective (Bradley and Bradley 
1984), collaborative design presents a difficult and frustrating academic challenge ((Bosley, 1993) (J. Biggs, 1994) 
(S. C. Chan, 1999)). The attrition rate for students in Australian architecture schools is high (at around twenty-three 
percent (McMillan, 2005)), and the average mark of international students at Deakin in early collaborative design 
projects has over the last three years been seventeen percent lower than for home students (data derived from 2005 
Deakin pilot study – see also (Burns, 1991), on the problems of first-year overseas students). Although successful 
changes to models of assessment, teaching and group formation have been informed by recent studies (e.g. (R. 
Tucker, and Rollo J., 2005), (R. Tucker & Reynolds, 2006)), the study presented here recognises that further 
research is needed to establish best practice principles for the teaching of collaborative design projects that are 
culturally inclusive.   
 
1. CULTURALLY INCLUSIVE DESIGN TEACHING:  RESEARCHING THE EFFECTS OF 
ACADEMIC ACCLIMATISATION DIFFICULTIES ON THE DESIGN EDUCATION OF 
INTERNATIONAL STUDENTS  
Early in 2006 members of Deakin School of Architecture and Building were named recipients of a Strategic Teaching 
and Learning Grant aimed at “Enhancing Independent Experiential Learning for International Undergraduate 
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Students.” The project iterates a one-year internally funded pilot project that took place at Deakin University in 2005 
focusing on “Establishing Best-Practice Principles for the Teaching of Group Design Projects.” The 2006 research 
furthers the 2005 findings, which were informed by personality type and experiential learning theory (Kolb, 1984), by 
conducting across a further year a study of the relationships among different learning style preferences, teaching 
approaches and cultural systems in design education.  In order to explore these relationships, the research focuses 
on studio teaching processes through the recognition of reported learning styles. The conceptual frame adopted in 
this is the Experiential Learning theory of Kolb (1984). Building on previous studies indicating that learning styles may 
differ between cultures ((Yamazaki, in Press) (De Vita, 2001)), the research is being conducted to explore the 
relationships between learning style preferences and student performance during the design process. Two design 
units, in the first and third-year - where most international students at Deakin join the architecture and construction 
management streams - are being evaluated to address the academic acclimatisation problems reported by overseas 
students working in collaborative teams. As well as students’ team role and learning preferences, teachers’ teaching 
preferences have a significant role in the collaborative studio. If, as Charkins et al. have shown (Charkins, O'Toole, & 
Wetzel, 1985), there is conflict between the learning style of the student and the teaching style then learning can be 
impaired. Research at Deakin aims therefore to assess, compare and reconcile teaching styles with the learning 
styles and team-role preferences of students of diverse cultural origins across the built environment disciplines to 
advance collaborative teaching models compatible with those characteristics and which recognise and draw upon 
different andragogical approaches internationally and within Australasia. The aim of the research is therefore not the 
development of an exclusive andragogy, but rather the broadening of teaching approaches to encompass a diverse 
range of learning styles.  

Research includes the formative, summative and illuminative evaluations of assessment models, effective studio 
collaboration strategies, group formation structures and appropriate teaching models. In order to triangulate data 
collection, learning styles will be correlated with individual student academic achievement, feedback, studio 
observations and tutor reflections. The primary research questions of the study are as follows. 1) Does structuring 
group formation by learning styles and team-role preferences have a positive impact on student academic and course 
satisfaction outcomes? 2) What combinations of team formation and teaching models and learning styles improve 
learning outcomes? 3) Are there any significant differences across learning style preferences in different stages of 
design education and in different built environment disciplines? 4) For design students in different disciplines, and 
with different learning style preferences and cultural origins, are there any significant differences in performance 
scores, student satisfaction as measured through questionnaires and unit evaluations, and group working abilities 
and student participation as measured through studio observations? 5) Are there any further opportunities for making 
design teaching more culturally inclusive to international undergraduates during their early education?  

In this paper we will focus on the latter two questions - to explore how we might alleviate the academic 
acclimatisation difficulties of international students of the built environment at Deakin. We shall consider these 
questions though an analysis of two focus groups. The focus groups book-ended the summer semester of 2006 to 
survey students’ perceptions of collaboration and learner differences before and after a semester-long group design 
project. Before proceeding to consider these focus groups and the academic challenges they highlight let us first 
consider the initial acclimatisation problems facing international students upon their arrival at Deakin.  

2. THE QUALITATIVE EVALUATION OF INTERNATIONAL STUDENT ACADEMIC 
ACCLIMATISATION DIFFICULTIES AT DEAKIN THROUGH ILLUMINATIVE FOCUS GROUPS AND 
MENTOR REFLECTION 
 
2.1. Mentor Reflection - Transition and support for international students 
Whilst study abroad provides the opportunity to experience a different culture and lifestyle, it also presents challenges 
to both student and educator (Hellsten, 2005).  A range of international students’ experiences are associated with 
their transition into the Australian education system. These include heightened physical and emotional upheaval 
attributed to displacement and acclimatisation to a new environment, feelings of anxiety, loss of control, lack of 
confidence, insecurity, stress, isolation, frustration and anger. High numbers of international students at Deakin report 
to pastoral liaison staff that they are studying under the pressure of high financial commitment from families back at 
home, the displacement of familiar support and, moreover, of occasionally finding themselves enrolled in a course 
that has been chosen for them by their parents for reasons removed from their own ambitions. Sawir (2005) found 
that acclimatisation difficulties can affect the performance of international students in their studies, and that a direct 
relationship exists between these difficulties and international student’s learning experiences.  Wong (2004) identified 
three main difficulties highlighted by Asian students who have studied abroad – different learning styles, cultural 
barriers and language problems. The first of these difficulties will be the prime focus of this paper. Burns also found 
that, compared to local students, overseas students had significantly greater difficulties adjusting to academic 
requirements, and these were mainly in the areas of study methods, independent learning, participation, time 
management, and language skills (Burns, 1991).  

Education costs are far higher for today’s international student than they were for those who were part of the early 
80s influx. This imposes a potentially increased pressure on students to attain success in line with the expectations of 
their sponsors, who are most likely to be their families. A second notable difference between today’s students and 
earlier arrivals is that the benefits of the integration of international students into Australian academic culture are now 
highly esteemed by university leadership (Hellsten, 2005). This acknowledgement and the change in attitude it 
reflects has given rise to a myriad of university-wide pastoral and academic skills support services being offered to 
international students. These begin even before students leave for Australia in the form of pre-departure briefing 
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sessions held in their home countries, followed by peer support reception and orientation upon their arrival. 
Evaluation studies in this area validate these offerings in terms of general support to international students, but 
suggest that such services do not appear to effect the academic performance of international students (Kaczmarek, 
Matlock, Merta, Ames, & M, 1994).   

Although the academic demands confronting international students pursuing a career in architecture today have been 
much the same since the 80s, misconceptions still exist. In recent years international students at Deakin have 
reported to pastoral liaison staff that their choice to pursue architecture was informed by the misguided belief that 
there would be little writing required of them, and many have voiced their surprise that the course demands such high 
levels of language skills, both written and oral. Additionally, many international students report to perceive, possibly 
accurately, that the assessment of their design submissions is unfavourably influenced by their poor language skills 
in the studio. Certainly in Australia, excellent oral and written communication skills are mandatory at tertiary level 
across all subjects. At Deakin, deficiency in these skills has been seen to impact on the academic performance of 
architecture students. Whilst it can be argued that the communication of a student’s design work, which is presented 
largely in graphic or modelled mediums, should not rely on words, if it is not explained well at reviews orally this can 
adversely affect learning outcomes and assessment. It is after all expected that architects should be capable of 
‘selling’ an idea and good communication and negotiation skills are accepted to play a significant role in this.   

Oral communication and interpersonal skills are at the forefront of undergraduate design programmes, but they are 
commonly the skills that international students at Deakin, especially those of Asian origin, have trouble learning and 
demonstrating - especially when this learning takes place collaboratively. Not only, as already stated, is the average 
mark of international students at Deakin in early collaborative design projects far lower than for home students, it is 
clear too from participation observations that there is a hierarchy of engagement in group discussions in studio 
suggesting that international students are not comfortable with communicating architectural ideas within a 
collaborative design team. The hierarchy declines in participation from male Australian students, to female Australian 
students, to male international to female international students – with female Asian students at the extremity of the 
continuum. This problem is one the research team hoped that the focus groups investigated in this paper might shed 
some light on.   

Two focus groups for international students enrolled in third and fourth year architecture design studies (design 
studio) took place. The selection criteria for these asked for volunteers who had spent less than three years in 
Australia. All students that volunteered for the focus groups were invited to attend. Procedures governing the 
recruitment of students, their briefing and interview, and the collection and storage of data were approved by the 
Deakin University Human Research Ethics Committee (EC 78-2006). The first focus group centred on students’ prior 
educational experiences, while the second focus group was held with the same students and centred on their 
experiences of the semester they had just complete. These focus groups will now be considered in some detail.  

2.2.1 Focus Group 1  
Nine third and fourth-year students took part in the first discussion group. Seven were of North Asian origin, whilst 
one was from the U.S.A. and the other from the U.K. Their time in Australia ranged from two years to two weeks. The 
age range was from twenty-one to forty years old with six male and three female. A structured questionnaire was first 
delivered by the facilitators so that common student responses could be used to generate group conversation. The 
conversation centred on two broad themes that will be considered now in turn; namely, knowledge transfer and 
working in groups. 

2.2.2 Knowledge Transfer – The students who most strongly agreed with the proposition that learning at Deakin 
was different to that which they had previously experienced were North Asian in origin and listed language, teaching 
methods and student culture as primary dissimilarities. They elaborated the biggest difference as teaching style; at 
home “the lecturer is usually much older and the direction and style of the teaching is much more clear and 
hierarchical. In Australia (the teaching style) is much more open and interactive… [Here] you are expected to explore 
yourself.”  

There was a strong classification of Deakin learning as ‘creative’ in contrast to education at home being ‘practical;’ 
echoing the findings of Biggs (1994) and others (e.g., (Ballard & Clanchy, 1991)) describing Western education as 
informed by an ‘extending’ attitude to knowledge in comparison to the ‘conserving’ attitude to knowledge 
characteristic of many Asian cultures. Although the students listed this contrast as a key dissimilarity, they reported 
enjoying the different learning experience. However, they also drew a correlation between the more creative, 
questioning learning and heightened anxiety over language problems. Although the students enjoyed the creative 
freedom of a more student-centred teaching environment they found it difficult to navigate language in this context; 
experiencing problems following the content of the course while not feeling confident to ask for help.  
  
The students who had already studied at tertiary level elucidated the more student-centred approach to teaching at 
Deakin, describing as far more “hierarchical” the relationship between teacher and student at home, such that 
“lectures here are more interactive. The place I come from it’s like the lecturer talks and we all just sit there in silence 
and listen.” All students agreed that the different learning experience at Deakin sometimes caused them problems. 
However, they all saw too that this challenge should be embraced as an opportunity to broaden their educational 
experience. The students concluded that they needed a balance of both teaching styles - teacher-centred and 
student-centred. Through reflecting on their own learning experiences, these students have drawn the same 
conclusions that educational theorists have long been working towards; namely the importance of acknowledging 
different learning styles, goals and beliefs and of providing a balance of different learning avenues and contexts that 
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support each of these within available resources (see for instance (J. Biggs, 1978), (J. Biggs, 1999), (J. B. Biggs, 
1987), (Kolb 1984), (Trent, 1997), (Yamazaki In Press)).   

When asked in the questionnaire how highly they valued lecturers giving a lot of information the mean response on a 
Likert scale of 5 was 4, indicating a strong preference for teacher-centred transmission of knowledge; a sentiment 
supported by recent literature looking at preferred Asian learning styles ((Biggs 1994); (J. Biggs, 1996); (J. Biggs & 
Watkins, 1996); (J. Biggs, 1997); (S. C. Chan, 1999); (Zhang, Sillitoe, & Webb, 1999); (Yamazaki In Press)). When 
solicited about the type of interaction they would find useful accompanying this knowledge the Asian students 
indicated that what they desired was not academic debate but rather feedback on their difficulties with cultural 
integration. This unfamiliarity with and lack of desire for questioning, probing and discussion with lecturers would 
appear to be in concert with literature on different attitudes to learning that has highlighted greater emphasis in North 
Asia on a conserving attitude to knowledge and a focus on respect for the authority of the teacher as well as a 
correlation between age and wisdom (see for instance (Chan 1999)). Perhaps it is not surprising then that the Asian 
focus group students felt that their teachers at Deakin were unexpectedly young and lacking appropriate professional 
experience. The Asian students with prior experience of studying architecture highlighted that at home their lecturers 
had practiced at length professionally and that they also were taught by professional consultants attending class to 
offer feedback in discussion groups alongside the lecturer.  

Evoking the contrast between the Western ‘extending’ model of learning and the Asian ‘conserving’ model, the Asian 
students introduced the idea of creativity nurtured by the “security” of learning within established limits and towards 
clearly defined expectations; where they, as one student put it “are able to explore more creatively the options for 
reaching those requirements as opposed to feeling unsure and insecure.” This supports the notion of ‘psychological 
safety,’ which theorises that people will be more likely to take risks within a group and as a group if they have the 
confidence of mutual respect and trust among team members and a firm understanding of what the team expects of 
them (Edmonson, 1999), and relates also to perceptions of status that will be revisited later in this paper.  

2.2.3 Working in groups – All the students agreed that a significant problem of designing collaboratively at Deakin 
was limited studio time, which for students with prior architectural learning experience was far less than they were 
used to. The time constraint was seen as a problem because many of these students, who already found developing 
a social rapport with their culturally dissimilar peers difficult, found it more so under the pressure of a group project. 
They all agreed that this pressure led to difficulties in the early stages of group work, or what Tuckman termed the 
‘forming’ stage of groups (Tuckman, 1965). As one student described the problem, “it was difficult to get to know 
every one in the group and work out how they are going to work together and then find time to organise everything for 
the project.”   

Students can self-select team-mates or can be allocated to specific groups. Allocated groups can then either be 
randomly assembled or engineered to create teams of a range of experiences and abilities. In response to student 
feedback and tutor observations from 2003 to 2005, the method for group formation in 2006 asked third-years to 
choose team-mates from three pools. The cohort was divided into three to deliberately split friendship groups, which 
had been established and recorded in prior projects, and also evenly distributed the overseas students in response to 
previous research that has demonstrated deeper learning through the challenges of designing in new and diverse 
teams (R. Tucker & Rollo, 2006). The aim of this group formation strategy was to gain the best of both group diversity 
and of self-selection; preventing students from working with friends whilst allowing them to avoid enemies and thus 
reducing the number of timarchic (conflicting) teams (R. Tucker & Rollo, 2006). All the overseas students expressed 
concerns about the formation of groups in this way, for being new to Deakin and not knowing their peers they had 
been concerned at the time of choosing team-mates that they would be left to work with ‘poor’ students ‘rejected’ by 
everyone else. All the students agreed therefore that they preferred to be allocated to groups, even though this can 
lead to the possibility of working with peers they did not like. There was also a consensus in favour of engineering 
groups so that each had a mix of different academic abilities. Group composition concerns such as these can be 
further interpreted and analysed via the significance of status recognition to co-operative learning – a subject we shall 
return to later in this paper.  

2.3. Focus Group 2  
Seven third and fourth-year students attended the second focus group. The two females and five males, who had 
attended the previous focus group, were all of North Asian origin. Ages ranged from twenty-one to forty. The time 
they had spent studying in Australia ranged from three months to three years. Once again, a structured questionnaire 
was used to stimulate discussion. Before moving on to talk about their responses to this questionnaire students were 
asked to reflect on the semester long collaborative design project by rating their experience of it.  

While most students reported a ‘fair’ to ‘good’ experience of the project, two were immediately and strongly negative 
about it, citing problems such as interpersonal clashes over design decisions. It should be noted that their conflict 
anxiety may have been exacerbated by the impending deadline for the design project under discussion, which was 
due for submission in seven days. Despite this pressure, the average response to the question “has group work in 3A 
been a positive experience for you?” was 4 (on a 5-point Likert scale) – i.e. mostly positive. When asked to review 
what made their experience so positive, the unanimous reason cited was heterogeneity of skills within the group. Not 
only was diversity seen to improve the design process towards a more considered end product, but it also lead to 
more cohesive and inclusive collaboration. When there were different strengths within the group it was, students 
reported, easier to delegate tasks appropriate to expertise. Whilst it might be argued that delegation according to 
strengths can inhibit the chance to improve underdeveloped skills, the students identified clear advantages arising 
from this type of co-operative learning; namely, that by acknowledging strengths and skills in team-mates greater 
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than or different to their own – or rather, through the mutual recognition of status - individuals were more willing to 
compromise towards designs ideas at odds with their own. This view suggests, as Cohen highlights (1994), that 
where extensive mutual exchange of ideas and strategies is desired, limited participation of low-status students may 
impede the very interaction necessary for co-operative conceptual learning. This influence on interaction is not limited 
to multi-cultural teams, but certainly at Deakin seems less significant when teams are culturally homogeneous. The 
students’ positive view of heterogeneity is consistent with the hypothesised benefits to low and high-achieving 
students of exchanging instruction because of the desire to increase trust and friendliness between members of 
different social groups (e.g. (Swing & Peterson, 1982), (R. Tucker & Rollo, 2006). Research has shown these 
benefits to be especially important to the group when the task is challenging and ambiguous and has an ill-structured 
solution (Cohen 1994), as is typically the case in design.  

The one student in the discussion group reporting acute group problems was an international female student. As 
previously discussed, female international students have been observed at Deakin to have significant difficulties 
learning cooperatively, appearing to find it difficult to speak in a group situation much less enter critical discussion. 
The body language observed in studio of the typical female Asian architecture student at Deakin indicates that the 
group discussion is an uncomfortable situation for her. Even in the focus group this female student apologised for 
wanting to speak. She expressed initial optimism about engaging in a multicultural learning environment, but added 
she felt being in a group with three Australian males had disrupted her learning goals and lessened her achievement: 
“I wanted to join another culture not only… [to] improve my design or concept but I wanted also to touch another 
culture and learn more. But this time I didn’t learn more because my group have four members, three men.” The 
experiences of this student are consistent with tutor observations in studio suggesting that problems of unwanted 
male dominance in mixed gender groups are exacerbated when the female belongs to a marked (minority) identity 
category in addition to gender, such as race or even age. This student identified a further cultural identity 
differentiation when discussing how the learning commitment of her group members was disrupted by outside work. 
While only one student in the focus group had a casual job, the others believed that “your work is your study” and had 
observed most of their Australian peers to have jobs outside university. As the six international students without 
casual work in the focus group had not only financial support from home but also the pressure to excel academically 
as a result of this support, they believed that the majority of their time should be devoted to study.  

The next series of propositions aimed to test problems shown to be common to Asian students studying abroad 
concerning the group psychology of co-operative learning ((Wong 2004), (Zhen Hui, 2001), (J. Biggs & Watkins, 
1996), (C. K. K. Chan, 2001)) and deal with issues of hierarchy, status, face and shame that had been touched upon 
in the first focus group. We shall consider now what student responses suggest were the most significant of these 
propositions.  

2.3.1. Leadership and Hierarchy – The first proposition was informed by the notion that Asian students in groups 
will only interact comfortably after the relationships between themselves and the others in the group have been 
clearly and hierarchically defined (Yau, 1994), and put it to students that, “I find it much easier to work in a group 
where there is a clear leader who will lead discussions and make decisions.” The average response rate to this was 4 
- in strong agreement - and although there was ambivalence surrounding leadership during the discussion of this, the 
majority of students agreed that when learning preferences in a group are diverse a strong leader can focus co-
operation. In contrast, the international female student who had described her group experience as negative 
indicated that having a strong leader (an Australian male) with contrasting learning preferences to her own had 
greatly disrupted her learning experience; an effect that once more might be associated with the dominance of 
majority identity-characterised students.  

2.3.2 Challenging the teacher -– If student learning preferences have been informed by a cultural emphasis on 
respect for authority such as is common in Asian society (Li, 2003), it can be expected that their classroom behaviour 
will reflect this emphasis. Classroom behaviour in Asia tends therefore to have moral as well social connotations, 
explaining why, as Ballard and Clanchy suggest (Ballard and Clanchy 1991:16), “many of our Asian students find it 
repugnant to join in spirited arguments in the classroom where Australian students are questioning the point of view 
of their teacher.” When asked about this in the form of the proposition “I think it is disrespectful to the teacher to enter 
into debate with them; questioning their point of view” the average response was 3. The students tellingly corrected 
the word ‘argue’ when discussing this, but agreed that they were happy to politely disagree with tutors both in 
Australia and at home. The main obstacle cited as preventing critical debate was a lack of time, for the pressure of 
reduced tutor contact led students to focus more on receiving explicit feedback towards a specific design solution. 
This preference for tutor-centred knowledge transmission, which maintains the 'passivity’ of learning style 
characteristic of the former education of many Asian students (Ballard and Clanchy 1991), is heightened not only by 
time-constraints but also by the social dynamics of group work. For the students admitted to being far less likely to 
present their point of view if this opened them to tutor criticism that they did not have time to defend; a situation they 
felt was confronting in the context of group discussions. Here the link between the socio-cultural belief system of and 
learning behaviour in the Asian student is clear - for as Chan states (Chan 1999:298), “the pressures to preserve 
harmony, to conform, to avoid loss of face and shame” mean that a didactic and tutor-centred style of teaching and 
learning is clearly preferred (Chan 1999).  

In contrast to the previous focus group when students had not yet become familiar with their tutors, none perceived 
the age of the studio tutor a major concern. All acknowledged that young teachers can have a more contemporary 
view whilst older lectures may have more experience. This would suggest that the age of the teacher is less 
important to these students than the perceived value of knowledge taught by them.  
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2.3.3 Role-play – Assigning students roles can encourage group members to take responsibility for active 
participation in the group (Cohen 1994). Moreover, when the group is working on problems with ill-structured 
solutions, such as design, roles can also be used to foster interaction that leads to conceptual gains. Yet role-play is 
heavily reliant on abstract thinking and has therefore been seen to pose difficulties for students not used to openly 
expressing critical opinion (Chan 1999). Indeed, the predominant view is that Asian students of Chinese origin prefer 
passive teaching methods over case studies and role-play (Chow, 1995). In order to evaluate this possibility the focus 
group students were asked if they found the client/design team role-play ‘meetings’ that were the hub of group 
tutorials in third-year useful “for developing designs and for improving design skills.” In response there was an even 
mix of very positive and very negative responses. Those against, as Nield has found (2004), did not give any reason 
that could be said to relate directly to culture, but described the role-play as a “waste of time” akin to merely sitting in 
on another group’s tutorial. It should be noted here that as part of the Deakin study four tutors headed the role-play 
meetings and that while two of these were asked to tutor as they saw fit, the third was assigned a more passive role 
and the fourth a more dominant one (the latter in line with the teacher-centred tutorial traditional to studio). This 
allocation of teaching styles was to observe students responses to the different models. Two of the students against 
role-play claimed their tutor had an overly dominating approach, directing feedback at the exclusion of many in the 
group. These students clearly recognised that a more group inclusive student-centred teaching model encouraging 
greater participation may have helped generate ideas to make studio more interesting and productive. An antithetical 
problem cited by the other two students against role-play was that of having a passive tutor acting merely as a 
facilitator to the group discussion, for in this case students complained of inadequate tutor instruction in light of 
greater input from their peers – of feeling that they “never knew whether they were moving in the right direction or if 
they were focusing on the right things.” The clear message here is that teachers have to find a delicate balance in the 
studio group role-play tutorials between a teacher-centred and student-centred model.  

Feedback in favour of the role-play tutorials indicated that for students in a creative and vocal team the forum 
presented new design opportunities. However, the students felt this was not the case if they perceived the group they 
were paired with as less creative or academically skilled than themselves. Here they felt they had little to gain from 
the criticism of an inferior group and thus needed to consolidate designs with tutors independent of the team 
meetings. This view of role-play echoes the importance highlighted earlier of status recognition to co-operative 
learning and the mutual exchange of design strategies. As one student put it, “It’s good to talk with the client team but 
the main thing is the client team itself must be very creative and it must be very experienced so you can learn more 
from them. If not, it is a waste of time.”  

2.3.4 Group discussions – Most of the students when asked to reflect on their participation in group discussions 
admitted to being quiet and that this largely was due to English being their second language and worries about 
becoming embarrassed or offending someone by saying something inappropriate. One student related this to what 
he termed as ‘power’ in the classroom - indicating that those who were more articulate retained control. Although 
these are views that can be readily related to the cultural imperative to avoid loss of face and shame, a reaction to 
these comments by a Korean student cautions against the stereotypical perception of the over polite and reserved 
Asian student; “actually when I studied in Korea, the students usually offend and are very critical and blame each 
other and like but it’s not fighting, it’s a kind of discussion but it’s direct. We are much more offensive to each other. 
But here... I can’t criticise.” This preference for forthright debate underlines that not all Asian cultures and Asian 
students have the same approach to learning. It is important to acknowledge that while there are attitudes to learning 
that emphasise knowledge conservation and attitudes that emphasise its extension, both types of attitude can 
operate concurrently in all cultures. Or as Ballard and Clanchy explain (1991:12), there is “great fluidity within all 
cultures in the attitudes to knowledge which individuals adopt and in the learning strategies that they employ in 
particular learning contexts.”  

2.3.5 Cultural Inclusiveness – When asked whether the course was culturally inclusive many of the students were 
unclear of the question’s meaning. One student after a brief explanation suggested that it was neither the course nor 
the teachers that hampered cultural integration, rather his difficulties stemmed from inabilities to exploit the 
opportunities available to him. All the focus group students strongly agreed with this point; that the course was as 
culturally inclusive as they chose to make it and that their cultural integration was primarily their responsibility. This 
proactive attitude could be seen to contradict the stereotypical perception of the ‘passive’ Asian international student. 
However, it could also be speculated that those students with the confidence to travel and study overseas may, by 
their very nature, be more proactive in searching out culturally challenging situations.  

To conclude our summary it should be noted that there was one female Asian student who did not talk during the 
second focus group and when asked if she would like to comment immediately declined. The same student was a 
member of a design team monitored in studio, and in five twenty-five minute client/design team role-play tutorials she 
was observed to make not one utterance. This realisation poses a problem because when attempts are made to 
integrate unwilling female students at the marked identity characteristic extreme into group discussions this seems 
only to add to their discomfort, suggesting another approach such as additional one-on-one teaching may be 
required. Of course, there is also the possibility that some students might be as shy in a familiar learning environment 
as they are in an unfamiliar one.  

3. CONCLUSION  
This paper presents the initial stages of a study currently running at Deakin aimed at resolving the learning difficulties 
of international students collaborating in undergraduate design studios. The paper restricts itself to two questions 
explored in the focus groups and studio observations that initiated the study and reflexively informed its subsequent 
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stages, namely - for current international design students at Deakin are there a significant differences in satisfaction, 
group working abilities, learning preferences and participation, and are there further opportunities for making studio 
teaching more culturally inclusive to undergraduates during their early education? The paper has demonstrated within 
the limits of the case study it discusses that international students arrive at Deakin with, as might be expected, 
expectations, knowledge and behaviours that have been informed not only by their individual personalities and 
abilities but, more fundamentally, by their previous educational experiences abroad. The attitudes to learning 
informed by these experiences and revealed as most significant in this study can be summarised as follows.  

1 Leadership – when the learning preferences of the group are diverse a strong leader can focus co-operation.  
2 Knowledge extension – a knowledge ‘conserving’ preference for tutor-centred teaching can be heightened by 

time-constraints and by the social dynamics of group working.  
3 Role-play – role-play was not universally disliked, but teachers must find a delicate balance in the studio group 

role-play tutorials between a teacher-centred and student-centred model.  
4 Group discussions – reticence in group discussions is largely a result of language difficulties and shame 

avoidance.  
5 Cultural inclusiveness – students see their cultural experience and integration as primarily their own 

responsibility.  
 
As Tang suggests (Tang, 1996:199), when Asian students are asked to collaborate in teams tutors need to provide 
them with the procedural knowledge of “how to participate in group discussions, how to express and justify their 
ideas, and how to give a receive constructive criticism.” Although the Asian students at Deakin who were the subjects 
of this case study clearly struggled with such participation our research suggests that their struggle is entirely in line 
with their language difficulties when viewed relative to the similar difficulties of home students. That is not to say, 
however, that these difficulties can be ignored. Indeed, both the tutors and peers or team-mates of international 
students should be encouraged to acknowledge and compensate for these difficulties. The mere awareness of these 
difficulties in those students observed in our study at Deakin has already seen a shift in attitudes, with home students 
being seen to sympathise with and actively attempt to help international students through their academic 
acclimatisation.  

The attitudes to learning revealed in this paper can be analysed via the significance of status recognition to co-
operative learning to suggest that student perceptions of unequal status make small collaborative design groups less 
productive in terms of inequitable interaction and unequal cooperative learning outcomes. Thus, as Cohen has stated 
(1994:24), inequities in participation informed by marked identity characteristics such as race and gender within 
cooperative groups must be considered in heterogeneous settings, for if the participants “have pre-existing 
stereotypes about lesser competence of minorities and women confirmed in their group experience, then the effects 
of cooperation are far less desirable than many proponents of the technique would have us believe.” It will be the aim 
of the further stages of the Deakin study introduced in this paper to determine, as Cohen subsequently suggests, 
whether these inequalities in participation are linked to learning outcomes. Or in other words, is it the case that 
international students’ perceptions and experiences of difficulties with communication and participation in co-
operative design projects are associated with lower levels of achievement? Moreover, it is the further andragogical 
aim of this study through its inclusiveness of all students at Deakin to counter ethnocentrism and the cultural biases 
that amplify these difficulties.  

ACKNOWLEDGEMENTS 
The authors acknowledge the input of two research assistants on this project - Catherine Reynolds and Gail Fluker 
- and also the participation in the focus groups of an educational advisor – Dr. Di Challis. 
 
REFERENCES 
 
ACTS. (2004). Action Research for Change towards Sustainability: Change in Curricula and Graduate Skills towards 

Sustainability (ACTS) [Accessed on January 2, 2005 at 
http://www.deh.gov.au/education/publications/acts.html#team, January 2]. 
Ballard, B., & Clanchy, J. (1991). Teaching students from overseas: a brief guide for lecturers and supervisors. 

Melbourne: Longman Cheshire. 
Biggs, J. (1978). Study processes and learning outcomes, 'Schooling and learning: how interdependent? Collected 

papers of 1978 National Conference Perth' ( Australia Association for Research in Education 1978) pages 60-
70. 

Biggs, J. (1994). Asian Learners Through Western Eyes: An Astigmatic Paradox. Australian and New Zealand 
Journal of Vocational Education Research, 2(2), pp. 40-63. 

Biggs, J. (1996). Western misperceptions of the Confucian-heritage learning culture, 'The Chinese learner: cultural, 
psychological and contextual influences' edited by D A Watkins and J B Biggs, pages 45-67. Hong Kong: 
Comparative Education Research Centre (CERC) and Melbourne: Australian Council for Educational 
Research (ACER). 

Biggs, J. (1997). Teaching across and within cultures : the issue of international students, 'Learning and teaching in 
higher education : advancing international perspectives : proceedings of the Higher Education Research and 
Development Society of Australasia Conference. Adelaide, South Australia, 8- 11 July, 1997' edited by R 
Murray-Harvey and H C Silins, pages 1-22. [Adelaide S Aust] : R Murray- Harvey, H C Silins and named 
contributors. 

Biggs, J. (1999). Teaching for quality learning at university : what the student does. Buckingham UK: Society for 
Research into Higher Education. 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 213 



Biggs, J., & Watkins, D. (1996). The Chinese learner in retrospect, 'The Chinese learner: cultural, psychological and 
contextual influences' edited by D A Watkins and J B Biggs, pages 269-285. Hong Kong: Comparative 
Education Research Centre (CERC) and Melbourne: Australian Council for Educational Research (ACER). 

Biggs, J. B. (1987). Student approaches to learning and studying. Hawthorn Vic: Australian Council for Educational 
Research dateOfPublication: 1987. 

Bosley, D. (1993). Cross-Cultural Collaboration: Whose Culture is it Anyway? Technical Communication Quarterly, 
2(1), pp. 51-62. 

Burns, R. B. (1991). Study and Stress Among First Year Overseas Students in an Australian University. Higher 
Education Research and Development, 10(1), pp. 61-77. 

Chan, C. K. K. (2001). Promoting learning and understanding through constructivist approaches for Chinese learners. 
In D. A. W. a. J. B. Biggs. (Ed.), Teaching the Chinese learner : psychological and pedagogical perspectives 
(pp. pp. 181-203.). Hong Kong: Comparative Education Research Centre Melbourne Vic : Australian Council 
for Educational Research. 

Chan, S. C. (1999). The Chinese learner: a question of style. Education + Training, 41(6/7), pp. 294-304. 
Charkins, S., O'Toole, D. M., & Wetzel, J. N. (1985). Linking Teacher and Student Learning Styles with Student 

Achievement and Attitudes. Linking Teacher and Student Learning Styles with Student Achievement and 
Attitudes, 16(2), pp. 111-120. 

Chow, I. H.-S. (1995). Management education in Hong Kong: needs and challenges. International Journal of 
Educational Management, 9(5), pp. 10-15. 

Cohen, E. G. (1994). Restructuring the Classroom: Conditions for Productive Small Groups. Review of Educational 
Research;, 64(1), pp. 1-35. 

De Vita, G. (2001). Learning Styles, Culture and Inclusive Instruction in the Multicultural Classroom: A Business and 
Management Perspective. Innovations in Education and Teaching International, 38(2), pp. 165-174. 

DEST. (2004). Students 2004 [full year]: selected higher education statistics: Summery of student numbers, 2003 and 
2004. Australian Government Department of Education Science and Training. Available: 
http://www.dest.gov.au/sectors/higher_education/publications_resources/profiles/students_2004_selected_hig
her_education_statistics.htm [2005, 27 November]. 

Edmonson, A. (1999). Psychological Safety and Learning Behaviour in Work Teams. Administrative Science 
Quarterly, 44(1999). 

Gokhale, A. (1995). Collaborative Learning Enhances Critical Thinking. Journal of Technology Education, 7(1), pp. 
22-30. 

Hellsten, M. (2005). Students in transition: Needs and Experiences of International Students in Australia. Available: 
http://www.idp.com/idpconference/Hellsten.pdf. [2006, Feb 18]. 

Kaczmarek, P., Matlock, G., Merta, R., Ames, M., & M, R. (1994). An assessment of international college student 
adjustment. International Journal for the Advancement of Counselling, 17(4), 241-247. 

Kilker, J. (1999). Conflict on collaborative design teams: understanding the role of social identities. Technology and 
Society Magazine, 18(3), pp. 12-21. 

Kolb, D. A. (1984). Experiential learning: experience as the source of learning and development. Englewood Cliffs, 
NJ: Prentice-Hall. 

Li, M. (2003). Culture and classroom communication : a case study of Asian students in New Zealand language 
schools, 'Educational research, risks and dilemmas : NZARE/AARE Conference 2003 29 November - 3 
December 2003, Auckland New Zealand'. Auckland : New Zealand Association for Research in Education. 

McMillan, J. (2005). Course change and attrition from higher education, longitudinal surveys of Australian youth 
(Research Report 39): ACER. 

Nield, K. (2004). Questioning the myth of the Chinese learner. International Journal of Contemporary Hospitality 
Management, 16(3), pp. 189-196. 

Sawir, E. (2005). Language difficulties of international students in Australia: The Effects of prior learning experiences. 
International Education Journal, 6(5), pp. 567-580. 

Swing, S., & Peterson, P. (1982). The relationship of student ability and small-group interaction to student 
achievement. American Educational Research Journal, 19, pp. 259-274. 

Tang, C. (1996). Collaborative learning: the latent dimension in Chinese students' learning, 'The Chinese learner: 
cultural, psychological and contextual influences' edited by D A Watkins and J B Biggs, pages 183-204. Hong 
Kong: Comparative Education Research Centre (CERC) and Melbourne: Australian Council for Educational 
Research (ACER). 

Trent, F. (1997). Teaching Diverse Groups. ultiBase(January 6), Accessed on January 6, 2006 at:  
ultibase.rmit.edu.au/Articles/june2097/trent2001.htm. 
Tucker, R., and Rollo J. (2005). Fair Assessment and Blended Learning in Collaborative Group Design Projects. 

Proceedings of the Blended Learning in Science Teaching and Learning Conference, The University of 
Sydney, Australia., pp. 117-123. 

Tucker, R., & Reynolds, C. (2006). The Impact of Teaching Models on Collaborative Learning in the Student Design 
Studio. Journal for Education in the Built Environment, 1(2), pp. 39-56. 

Tucker, R., & Rollo, J. (2006). Teaching and Learning in Collaborative Group Design Projects. Journal of 
Architectural Engineering & Design Management, 2(Teaching and Learning  in the Built Environment), pp. 19-
30. 

Tuckman, B. W. (1965). Developmental Sequences in Small Groups. Psychological Bulletin, 63, pp. 384-399. 
Wong, J. (2004). Are the Learning Styles of Asian International Students Culturally or Contextually Based? 

International Education Journal, 4(4), Accessed on 28 April, 2006 @ http://iej.cjb.net. 
Yamazaki, Y. (in Press). Learning styles and typologies of cultural differences: A theoretical and empirical 

comparison. International Journal of International Relations. 
Yau. (1994). Consumer Behaviour in China and Customer Satisfaction and Cultural Values. London: Routledge. 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 214 



Zhang, C., Sillitoe, J., & Webb, J. (1999). Valuing Cultural Diversity: the academic adjustment experience of 
international Chinese students. Paper presented at the Meeting of Higher Education Research and 
Development Society of Australia, Inc., Melbourne, Australia. 

Zhen Hui, R. (2001). Matching teaching Styles with learning Styles in East Asian Context [Accessed on December 
20, 2004 at http:iteslj.org/Techniques/Zhenhui-TeachingStyles.html. 

 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 215 



 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 216 

 
The Wireless Experience 

 
 

Susan M Pietsch 
 

University of Adelaide, Adelaide, Australia 
 
 

ABSTRACT: Providing sufficient computer resources for students in technology rich programs like 
Architecture is an ongoing financial challenge to schools. Alternatives need to be considered that could 
potentially free resources from the computer hardware treadmill. One such alternative is to provide 
access to the expensive software programs via a wireless network that students could access using 
their own laptops. To investigate this a short case study was conducted by the author into the use of 
wireless technology and portable computing to explore its impact on students’ learning and 
receptiveness to the concept. The case study’s main objective was to investigate if a more flexible form 
of software delivery and computing access would make a positive impact on student’s learning. Minor 
objectives were to investigate the technical issues as well as, in true constructivist terms, discover what 
issues arose. This paper describes the outcomes of that study, drawing directly on the student input to 
illustrate points to the reader.  
 
Conference theme: Education of Future Architects 
Keywords: wireless technology, education, learning 

 
 
INTRODUCTION 
Mobile technologies are growing and could potentially deliver innovative ways to engage and motivate students in the 
pursuit of lifelong learning (Sharples, 2000). Teaching staff would also benefit from a more spatially independent 
arrangement in regards to computer use. This paper describes a short study exploring the use of laptops to deliver 
the software required for a course in the Bachelor of Design Studies program at the University of Adelaide. The main 
impetus for this study was to explore the key question: 

what are the implications of supporting an arrangement where students would provide their own laptop and run 
software off the main University servers? 
 

From the author’s perspective the benefits for the school could potentially be to break the treadmill of hardware 
supply and upgrades and also free teaching using digital media from having to be so locationally dependant on the 
computer labs. The benefits for the students were assumed as less competition for machines and more flexibility in 
where and when they studied. In regards to Susan Shannon's discussion on what online learning needs to address: 
completing tasks, independent learning, knowledge acquisitions and interactivity, initially only the first and last needs 
were considered relevant for this study at the outset (Shannon, 2004). 
 
While the focus on the outset of this study was on hardware and location, in true constructivist style, the issues that 
arose reflected that a more hybrid arrangement would be required. To present how this outcome came about this 
paper discusses the case study design, the background to the study, students’ reflections on the use of the laptop for 
study and then concludes with recommendations from both the students and author’s perspective. 
 
1.CASE STUDY DESIGN 
In the last four weeks of semester 2, 2005, a group of seventeen volunteers, from an elective course were given 
laptops equipped with software that would only operate over the University’s wireless network. Use of the software 
was a required part of their course. If they did not use the laptop they would have to access the software via the 
University’s student computer rooms. The students met with the co-ordinator of the case study, the author, once a 
week to write a journal of their experiences and also cover any technical issues that arose. The methodology for this 
study followed constructivist principles, which allows for a small sample set and an inclusion of the ‘thick description’. 
The thick description enables a richer picture to be gained concerning students’ attitudes, experiences and 
judgements. Reflections from students’ journals are presented in this paper exactly as written with no attempt to 
correct spelling or grammar. Students were provided with pseudonyms to protect their identities. Students could 
withdraw from the study at any time without penalty. 
 
2.BACKGROUND 
 
2.1 Participants 
Expressions of interest were called from a group of 45 students enrolled in a computer-aided design (CAD) based 
course. Of the potential 20 positions, 17 students volunteered to take part.  Of those students seven were female and 
ten were male with one student from a non-english speaking background. The initial survey of attitudes and abilities 
for the study indicated that all participants were comfortable about learning new IT skills while only 1 indicated they 
were anticipating needing a high level of technical support during the project. 8/17 of the students had never used a 
wireless network but the majority (12/17) had access to a computer at home, seven of them indicating that it was a 
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laptop. All participants were in the 18-24 age group and all were in their second year of study in the three-year 
Bachelor of Design Studies program, the precursor to the two-year B.Architecture/B.Landscape professional degree. 
 
A major theme in the students’ motivation for taking part in the study was easy access to computing with 15/17 
students citing this in the pre-study survey, for example: 

"That I can ccess autocad and form Z and internet whenever I need to without troubles of finding a PC." (10Clubs) 
"Not having to worry about finding a computer at Uni." (6ofdiamonds) 
"Never missing out on using a computer at uni"(3clubs) 
 

Flexibility of location and study time was the next major motivation (8/17 students) followed by some more self 
orientated factors such as "an unfair advantage over all of my fellow students"(2of hearts) or optimistic appraisals 
concerning the impact on their study results such as obtaining a " HD+" (8spades).  The major concerns stated by 
students in the pre-study survey were the responsibility of having to look after the machine and having to transport it 
to and from University. 
 
2.2 The Existing Computer Lab Arrangement 
The tutorials for the course were still undertaken in the main teaching space for subjects requiring computer access. 
The Computer-aided Teaching Suites (CATS) are located on the top floor in a building approximately 100m from the 
Architecture School. CATS has a series of computer labs ranging in size from 80 to 30 machines per room. There are 
240 machines in total shared between the 5 schools of Engineering and Architecture. The Architecture school does 
have a 25 seat lab within its building but this is too small for most classes to be conducted in and a number of classes 
overlap in their timing for the use of computers. These rooms are poorly setup for group learning or teamwork 
activities and lack any opportunity for reconfiguring the space for more creative work arrangements. Primarily the 
machines’ comfort is given preference with the design of the spaces focused on maximising the number of machines 
available with a traditional row classroom arrangement. 
 
The CATS labs are the only places that students can access the specialist software required to complete their 
courses. Thus, especially towards the end of a semester, pressure on these resources is intense. This does not make 
for a very pleasant environment for students to study in with waiting periods for accessing a machine at peak times 
sometimes exceeding an hour leading to conflict with others as evidenced by a number of comments on this matter in 
the pre-study survey: 

"Not having to fight with other engineer/Architecture students over available facilities to access software" (6of 
hearts) 
"Not having to fight for machines in CATS"(3spades) 
"Being able to use a computer to work on my CAD at any time, even when all computers in the CAAD and CATS 
suites are in use" (Qofspades) 
 

All students taking part in the study were well aware of the non-wireless experience as this is currently the main way 
of accessing computer resources.   
 
2.3 The Technical Specifications 
The University of Adelaide provides a number of wireless hotspots within its North Terrace Campus with the aim of 
eventually having total coverage of all its campuses.   

"It uses both the IEEE 802.11b and 802.11g standards and the total shared bandwidth offered is between 11Mbps 
and 54Mbps per access point (location). The service is not intended as a replacement for the University wired 
network but aims to offer a convenient alternative for University staff and students to access email, online education 
and to carry out some general web browsing. The system offers security to users by encrypting data using a VPN 
(Virtual Private Network) security gateway. The service is offered free of charge to all staff and students and no 
traffic charges will be applicable to any data from University of Adelaide On-Line Education Systems, internal web 
servers, library system and other internal services. However all Internet traffic downloaded by students over this 
service will be offset against their web traffic quota." (http://www.wireless.adelaide.edu.au/, accessed 1/5/06) 
 

Within the school the "g" standard was installed in all student areas however the students accessed many other 
hotspot points.  
 
The laptops used for this study were obtained though the student purchase scheme offered by the University and its 
selected supplier. The machine's specifications were: IBM R52, Pentium M140 - 1.73GHz, 512MB SDRAM, 60GB 
Hard Drive, 8 x DVDRW, 15” screen, XPP operating system, modem, Gigabit Ethernet, 802.11a/b/c wireless LAN.  
The scheme offers three models. This specification is for the middle priced model offered under the scheme. The low 
priced model was considered unsuitable for CAD usage and the highest priced model considered no better than the 
midrange model. The machine was loaded with Sun Microsystems’ Open Office, AutoDesk’s AutoCAD ADT (required 
access to University network for licence to function) and basic Internet browsing software. Students were given 
administration rights to the laptop to replicate the rights they would have if they owned the machine. The machine 
weighed 3.04kg. 
 
3. DISCUSSION 
A number of issues arose during the study and have been grouped here for discussion under the major themes. The 
order in which they are discussed also reflects their significance in the study. The first major theme deals with access 
and the so called ‘plug 'n' play’ concept while the second deals the effects on the students' learning. The next two 
themes deal with hardware issues while the last picks up on some of the more singular issues. 
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3.1 Plug and doesn’t play 
The whole concept behind the student laptop purchase scheme was that students would be able to buy a machine 
and then start using it straight away. To access the wireless network however more work had to be done. When 
setting up the machines the computer “name” had to be changed in order to get the laptops to connect to the wireless 
network – a task requiring more technical expertise than average student. The machine also needed the University's 
VPN software installed. This was dealt with in the first session to ensure all students could access the system. 
 
Even after all software installed and the initial connection made students continued to report problems. Students 
would attempt to solve the problem if a connection did not occur but often it was beyond their knowledge as shown in 
the following comments: 

“For an hour or so the laptop refused to connect to the local wireless network. The notices said that the network was 
not assigning it an IP address. But I couldn't figure out what went wrong, or what happened that allowed it to get 
going again.”  (9ofSpades, Wk2) 
"Saying it was connected after this i attempted to use internet explorer which showed the “page cannot be 
displayed” page. This led me to think that, although connected to the network, there was some kind of proxy setting 
or other setting in the program of internet explorer itself which had to be changed but no amount of fiddling on the 
various tabs of internet options seems to remedy the situation"(6ofHearts, Wk 3) 
"It doesn't help either that everyone in my family is only mac literate, so when trying to get the internet to work on 
the IBM is it like trying to draw milk from a stone"(QueenofSpades, wk 2) 
 

Connection difficulties continued over the four week period however all but one student managed at some stage to 
successfully access the network and use the software. The main issue was the unreliability of the connection of either 
the VPN software to the network or the connection to the wireless system itself, for example: 

“Mostly ok, but spontaneously disconnected from network a few times.”(9ofSpades, Wk2) 
“Worked for about 30 mins in one of the classrooms (I've forgotten which one) The connection broke, even though I 
didn't move at all. It was pretty frustrating.”(AceofHearts, wk 2) 
“Used laptop in one of the tute rooms for internet purposes. Disconnected twice during that time.”(AceofHearts, Wk 
3) 
“Occasionbally vpn client would disconnect during long stints and i lost a bit of work.” (2ofHearts, Wk 4) 
 

At each weekly meeting students had the opportunity to discuss these issues with a technical assistant. The 
issues were often intermittent in nature however and difficult to replicate for the assistant to be able to 
diagnose. On enquiring to the central IT support group the lack of connection reliability was attributed to the 
laptop swapping wireless hotspot points for connection. This accounts for the wireless connection issues 
however the behaviour of the VPN software was more difficult to explain. One student found that 

“The first attempt to connect, it seems to work fine and can get a connection, but if the connection is disrupted at all 
(for example at home unplugging the lan line to use the phone) than upon trying to re-connect it is really difficult and 
can take up to 6 attempts. When this happens connecting is fine up until it asks for a user name and password and 
when it says “securing communications channel” it has real problems and eventually I get a message saying 
“Secure VPN Connection terminated by peer – Reason 427: Unknown Error Occurred at Peer”. So it becomes a 
really tedious task and very annoying.”(8ofDiamonds, Wk 3) “ 
 

To offer students the option of wireless access to actually complete tasks, as highlighted as one of the key factors in 
online learning, reliability of the system needs to be resolved. 
 
Students would also find discrepencies between the operations of different programs when connected, for example: 

“AutoCAD working fine, but access to MyUni, Webmail, Wiki is somewhat unreliable. Sometimes works fine, 
sometimes slowly, sometimes not at all”(Nine of Spades, wk1) 

Other times slowness within a program was detected, for example: 
“Only problem is AutoCAD slow to zoom in and out, or to pan.” (9ofSpades, wk3) 
 “these computers are hesitant when it comes to zooming in and out but i have not had greatly complex models yet.” 
(3ofClubs, Wk 3) 
 

With further experimentation it would need to be established if these experiences were a factor of the wireless 
arrangement or the actual hardware the student was using. 
 
A major area of difficulty was encountered with home wireless setups conflicting with the University setup. Early in the 
study a student highlighted that he was not making as much use of the laptop as he thought because of Internet 
access. 

“With the rising cost of telephone connections (landline) students are choosing not to connect resulting in a loss of 
internet availability. “Last year I used the student internet service at home, but this year have not had a landline at 
home so have been unable to use the internet, and subsequently cannnot use autocad at home this is annoying, 
and I know many uni students work only off mobiles. This could be an issue for the lending of 
machines.”(3ofSpades, Wk 1). 
 

However other students are making their own arrangements to counter this 
"At home me and my house mates have all chipped in and purchased a D link wireless router as we have several 
computers and laptops around the house." (8ofSpades, Wk 3) 
 

But when trying to connect the provided machine difficulties occurred 
"The router works fine, very well in fact and there are no problems with any other computer except the uni laptop. 
Even my other extremely old laptop establishes an excellent connection with the router as soon as it start up.I have 
only been able to get the uni laptop to connect at home once and that was after about 2 hours of manually 
reconfiguring everything to the home wireless, which then in turn terminated my ability to connect to freewire at uni. 
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(I then had to reconfigure the connection at uni)...All thought I am not trained at programing computers, I am living 
with someone who is studying IT so there is a reasonable amount of skilled effort that has gone into attempting to 
set up my machine.” (8ofSpades, Wk 3) 
 

The student found it frustrating to get help as the home internet service provider blamed the University setup and vice 
versa leaving the student with no solution other than unplugging the telephone and using that connection. Another 
student found that it was lack of knowledge that had affected access to the system 

“It turns out the problems i had connecting through my parents network in previous weeks is due to me unwittingly 
trying to connect to my neighbours damaged wireless network and not picking up on the secure wireless i should 
have been accessing.” (6ofHearts, wk 4) 
 

This highlights a comment made by another student that “more knowledge would help. I think it is the 
future”(2ofHearts, Wk 3). Knowledge about how the system works would assist students but the question remains of 
how deep into the technical aspects would one need to go. Plug and play? Not yet. 
 
3.2 Learning +/- with a laptop, 
With so many 'hangups' over connection difficulties the question arises whether the students did get any educational 
value out of the study for themselves. The two chief areas for this were in group activities 

“… some of us had a group meeting for our design and environments groups and as we all had our laptops we were 
able to search for precedents over the net easily to get inspiration while we were all sitting in a circle.”(4ofclubs, 
Wk1)  
“I didnt really use it that much, only for the group session in the morning.”(QueenofSpades, Wk2) 
“It was handy in group meetings on Tuesday to discuss proposals.” (4ofSpades, Wk 2)  
“We used the laptops in the twentieth century tute this week to do group presentation with the projector.” (9ofHearts, 
wk 3) 

 and flexibility of location and use 
“One of the big advantages of having the laptop, however, means that you are almost accessible at anytime.” 
(QueenofSpades, wk1) 
“This week has been great, I connected the laptop to my Broadband at home which meant i could use Autodesktop. 
This will save me time of coming into uni every day to use this software, I have also connected to plenty of wireless 
connections in internet cafes and coffee shops, for example Illy on rundle street has a wireless set up which allows 
me to sit there in the evenings have a coffee before work and do some homework.”(KingofSpades, Wk 2). 
 “The laptop has been really handy to do word processing at home. And can definitely see the benefits of having a 
computer at home, especially if it was connected to the web and had CAD program licenses.” (4ofSpades, Wk 2) 
“Working at home and being able to chose a comfortable place was very helpful and made me work more i think. 
(3ofClubs, wk 4). 
 

This feedback illustrates how not only task completion and interactivity achieved but also independent learning and 
knowledge acquisition was fostered by the use of the laptops. The ability to instantly access information about a topic 
under discussion during a tutorial for example brought greater value to the tutorial as illustrated by 3of Spades' 
comment above. Students also used the laptops for notes taking during lectures and as additional processing power 

“I have used the laptop only in the last days (Monday/Tuseday) set up next to my Pc in the uni labs to work on 
AutoCad and Form Z simultaneously. This worked quite well.”(4ofSpades, Wk 3) 

illustrating the uses that mobile computing and wireless networking will be applied to, will expand as students explore 
what is possible. 
 
While access to CAD software was generally appreciated, the decision to stay with the freely loaded Open Office 
from Sun Microsystems, was not. The ability of this group to tolerate alternative 'cheap' software appears limited. 
Open Office was part of the standard student package with the student laptop purchase scheme. Students were not 
aware or did not explore what means were available for file sharing or consider an alternative file sharing facility, the 
PDF format as illustrated by the comments 

“I know I’m very Microsoft, but it’s the same case as autoCAD Vs Formz, if it’s an industry standard, then it should 
be first chose. Even if it’s easier to learn, it’s not going to help in the future”(10ofClubs, wk1) 
“main problem is word transferring... am encountering to put a copy of Microsoft Office on this laptop to make it 
more useful.” (3ofDiamonds, Wk2) 

This illustrates how strongly software choice is guided by what the 'majority' are using.  
 
In essence, easy access to information and software, flexibility in when and where study was undertaken and the 
facilitation of group activities were the major impacts on the students' learning. 
 
3.3 Mobility is a heavy concept 
Flexibility in location and time was considered a major advantage by students however the drawback was the 
physical weight of the machine. This weighty problem then impacted on student's desire to use the machine. All 
students commented on this, for example 

“I’m finding the computer almost annoying, but only because it is another heavy thing I have to carry around” 
(QueenofSpades, wk1), 
“probably haven’t used it as much as I thought I would as it is quite heavy to lug to and from Uni.” (SixofDiamonds, 
Wk1)  
“Took laptop home, it was really heavy (I walk home). I decided to bring it back the next day, and never take it home 
again.”(AceofHearts, wk1) “ 
“I'm still tending not to use the laptop as much as i had thought, entirely due to the inconvenience of transporting 
it.”(6ofHearts, Wk2) 
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One student suggested that the solution lay in the carry case 
“Once again I have been extremely frustrated with the case, I looked around in some computer stores and found 
that you can in fact get really good bag options for a reasonable price.”(8ofSpades, Wk 2) 
 

One such option suggested was a backpack instead of the traditional shoulder bag. Another student suggested 
secure onsite storage as another possible alternative. 

“Many students have been complaining about having to carry the heavy laptop bags around. It would be very useful 
if all students had lockers.”(3ofclubs, wk2) 
 

What this indicates is that mobile computing has to be lightweight as well as reliable to be successful. The difficulty 
with current technology is the inverse relationship between screen size and weight. A lightweight solution such as a 
pocket PC or PDA can allow access to one's email and Internet but does not provide adequate screen size for using 
graphic orientated programs such as CAD. 
 
3.4 Do you want power with that? 
Another hardware difficulty was in the area of battery life with 8/17 students complaining of short battery life and long 
charge up times. This led to disappointment that the much desired mobility was curtailed because of the need to be 
near an electrical power point as illustrated by the following comments: 

"Discovered battery in laptop doesn’t last long- about an hour. My laptop at home lasts about 5 hours so I definitely 
notice the difference.."(AceofHearts, Wk1) 
“I was amazed at how quickly these laptops use up there battery.”(4ofClubs, wk1) 
“The battery life is another downfall for transporting the laptop. It only last for 1-1.5hrs but takes twice as long to 
recharge. Defeats purpose of mobility if you need to be constantly near a power point.” (4ofSpade, Wk 2). 
“I guess I find the laptop pretty inhibiting- its heavy to carry around, and you can't really sit wherever you like 
because you need to sit near a powerpoint.”(AceofHearts, Wk 2) 
 

For mobile computing to be a success the battery life of the hardware becomes an important factor, perhaps as 
important as the amount of RAM. For low demand applications such as word processing and Internet browsing 
battery life may even be more important than many other features.  
 
3.5 Side benefits 
As mentioned earlier students will discover more ways to use a laptop and the wireless network as they have the 
opportunity to experience using both. While one cheerfully reported in the first week that the laptop “charges my Ipod 
shuffle reasonably quickly”(3of Spades, wk 1) it was unexpected to discover that “laptops are not stable tables, 
although they are excellent at weighing together freshly glued model pieces” (2ofHearts, Wk 4). The other factor that 
affected some students was the actual 'look' of the computer, for example 

"Although built to be strong, I had people constantly asking me how old it was. It really does look 4 or so years old 
and unfortunatly the weight maches. (8ofSpades, Wk 4) 
"IT IS UGLY, we are designer’s, I’m think that maybe, just maybe you could get away with have coloured laptops. 
Maybe even a signature Adelaide uni symbol on them as they would be the property of the uni. (Remember a happy 
worker is a good worker… so a cool laptop = happy worker)(10ofClubs, Wk 4) 
 

The comments on design should not be unexpected from students undertaking a design degree. Thus mobile 
computing shall be lightweight, have good battery life and a good image.  
 
4. SUMMARY 
The post-study survey uncovered mixed results, for example access to the wireless network assisted the study of 
12/16 of the participants, while 9/16 indicated that it changed where they studied (1 student did not participate in 
post-study survey). It also highlighted some contradictions as 13/16 would use this arrangement in the future but only 
9/16 would recommend it to other students. From the students' feedback a more hybrid arrangement may be what is 
required to make wireless delivered software on mobile computers a feasible reality. 
 
4.1 The Student's Perspective 
The main factor from the student's perspective issues surrounded having to carry it around, unreliability of connection 
and the stress of being responsible for its security, for example: 

“Overall i don't think that the laptop was worth while because it costed me in internet time.I didn't have many 
problems with the vpn. But the lap top was luggish and a bother to bring into uni. It was good to backk up my cad. 
And experient with having a lap top as a used to want to buy one for myself. I think it is more productive using the 
uni computors and not having the bother of bringing work home.”(9ofHearts, Wk 4) 
“All in all, I didn’t like having the laptops. I found that if I needed autocad there was always a PC if you were willing 
to wait. I have a PC at home with formz and love it, maybe it would be the same if I had autocad. However I just 
don’t like the head aches of maybe losing it, setting it if you only want to check your email, the weight of the laptop 
on you walk home.”(10ofClubs, Wk 4)  
“I found that I much preferred to use a desktop computer just for reliability so all of my final work was done on the 
uni desktop computers. This was mainly because I couldnt easily work on an assignment switching between the 
laptop and a desktop computer as on the laptop I couldnt save things to my uni u drive. Also because the laptop 
was so heavy and cumbersome i found it easier to leave it at home safe rather than having to lug it around uni all 
day” (6ofdiamonds, wk4) 
 

However other students embraced the idea despite the concerns: 
“This program has been very worthwhile. I think laptops can be a valuable teaching tool." (4ofSpades, wk4). 
“Through my use of the wireless network over the four weeks trial period, I have found this is a extremely helpful 
learning tool. Access to a wireless network is great during the end of the semester when it is really hard to find a 
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computer in either the architecture building or in CATS. Instead of just waiting around for someone to leave you can 
just find a quiet place to work." (8ofDiamonds, Wk 4) 
“But it was really handy when i was rendering my formz imagesto be able to begn typing with the laptop.” 
(4ofSpades, Wk 4) 
“The laptop has been very useful overall. As mentioned, for me, the most useful thing has been being able use the 
laptop in tutes for further research. For instance, in a C20 Architecture and Landscape tute, we were discussing the 
New York 5, and I was able to look at some of their work via Google to enhance my learning.”(3ofSpades, Wk 4) 
 

A number of students suggested alternative arrangements as a possible answer to the transportation thorn: 
“Spoke with others in program and thought the best way to use laptops would be if a number were kept in the school 
office and could just be hired when the labs are full, or when they are needed for tutorial presentations. They would 
be handy in this situation if they had the same programs as the schools PC’s have.” (4ofSpades, Wk 3) 
"But i would love to see a librray type borrowing system happen where at the start of the year you pay a refundable 
insurance fee, (as minimal as possible) then during the year when you are busy, can't get a computer want to work 
in the sun etc you can go and borrrow a laptop for an agreed period of time.” (4ofSpades, wk4). 

 
From the post-study survey results most students favoured the wireless/mobile computing arrangement however it 
still needs refining. The ability to work (almost) wherever they wanted and when was welcomed with one student 
highlighting the comforts and added safety of working from home: 

"I personally gained the most from the wireless network at home where I could connect to the Internet through a dial 
up connection and then could access the university network. This was great as I could access Autocad at home and 
did not need to go in to Uni late at night or on the weekends. Due to this it also relieves the strain of student use on 
the University's computer and is also safer for students as they do not have to travel late at night or when they are 
tired." (8ofDiamonds, Wk 4) 
 

Students were unfamiliar with the extent of the wireless network and its possibilities but as illustrated in the earlier 
discussions and in this summary many were pleasantly surprised with what was possible.  
 
4.2 The Co-ordinator's perspective 
The author began this study biased towards her own course delivery and the difficulties and unpleasantness of the 
environment in which it has to be delivered. The CATS labs require one to have an enormous degree of patience and 
a certain amount of dictatorship style in order to deliver a class amidst constant interrupts from external students 
looking for spare machines or having to order students to leave so that one's own students can access a machine for 
the class. It is like trying to teach a group of people while located in a public thoroughfare. The attraction of being 
elsewhere, where students could arrange themselves in a manner of their own choosing, without the constant 
distractions of prowling machine seekers, is great. 
 
Reflecting on the four week study the intrusiveness of the laptop was unexpected. In the weekly journal sessions, 
held in a traditional tutorial room, it soon became obvious that the 'personal space' required around a laptop is greater 
than the traditional paper notebook. Even though the group was located within a room designated for more than 17 
people, the room was perceptively smaller. After the initial session when the laptops were distributed, the students 
used them during the lecture to take notes. Being faced with the backs of 17 laptops took away some of the personal 
contact from the face-to-face encounter that lectures traditionally are. The laptops however did not make an 
appearance again as one student noted: "I tried out using it in the CAD lecture to take notes but found it was to 
distracting!” (SixofDiamonds, Wk1) 
 
It was pleasantly surprising to see the wireless laptop arrangement embraced in other areas especially for the course 
dealing with history and in the course that required significant group work. This is an illustration of the view that "It's 
not what we [teachers] do, it's what students do that is the important thing" (Biggs, 199, p.25). While the author was 
focused on her own course, the students were exploring the applicability of the arrangement to all aspects of their 
study. Completing tasks and interactivity were achieved but also knowledge acquisition and independent learning 
was fostered through the laptop study.   
 
If a more transport friendly solution could be found then the author strongly believes that students would use portable 
computing over the dominant static option. The weight issue (3.04kg) arose because of screen size (15"). The larger 
the screen the more power the machine uses, hence the comments about short battery life. Thus a solution that 
involved a small screen on the actual device – thus a feasible size for internet browsing during tutorials and email 
reading (hopefully not in tutorials!), with the ability to attach an external screen when more graphic intense work was 
required (i.e. CAD work) may be the answer. Schools could loan the larger screens for use on a yearly basis and 
provide secure onsite storage so that they would not have to be transport if students did not desire to do so. 
 
The loan scheme of actual machines has been considered by the school but logistically a random access 
arrangement is not practical with current staffing and storage arrangements. A yearly loan arrangement was more 
feasible however the aim of wireless delivery is not to simply shift the hardware focus from desktop to laptop but to try 
to shift to the responsibility of the hardware provision to the student with the school focussing on providing the 
software. By removing the hardware treadmill and focusing on software provision, up to date versions can be 
supplied and educational material subscriptions can be purchased to assist student learning. Researchers such as 
Tak-wai Chan, Jeremy Roschelle et al (2006) believe this wireless arrangement will become “ubiquitous in the lives of 
learners” (http://www.g1on1.org/, accessed 05/09/2006) despite concerns over access equity and affordability. The 
shift in hardware provision would need to be tempered by schemes to deal with these two issues. The University’s 
current student scheme for supporting the purchase of laptops offers a student package with loans but this requires 
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an employment record prior to University to secure. The answer may be for the school to still provide a small number 
of loan laptops for those students who simply cannot afford the hardware. 
 
CONCLUSION 
Providing the hardware resources in technology rich programs like Architecture has impacted schools, not only 
financially but also in delivery of their courses. The promise of portable computing to schools is in the freeing up of 
learning and teaching arrangements that potentially could offer more innovative and student-teacher friendly 
environments than current computer 'lab' arrangements allow. This paper has focused on the tools to support 
students using CAD for meaningful task performance, thus the specific hardware and software required are resource 
hungry and require a certain size of screen to be feasible to perform the required tasks. Other studies have explored 
the smaller mobile devices such as personal digital assistants (PDAs) and pocket PCs for learning support, such as 
Hill et al (2003) and Corbett et al (2005) however in regards to any drawing and design work on computers, the size 
of screen does matter for optimum use. 
 
Portable computing with wireless delivery of software has many advantages for the student on campus or off. 
Benefits include encouraging more online group work, facilitating group presentations and ad hoc access to 
information on demand. The laptop/wireless arrangement allows the student to arrange their study around home, 
friends, work and formal teaching sessions.  In regards to the research question: 

 what are the implications of supporting an arrangement where students would provide their own laptop and run 
software off the main University servers? 

 
The implications are that the system needs further refinement both in hardware and software as currently delivered. 
The University of Adelaide's current student scheme focuses too much on robustness while portability is the key 
issue for users. Making the wireless system easy to access and reliable is the responsibility of the University as well 
as reviewing the practice of few power outlets within existing spaces. It may be the creation of small power “kiosks” 
may be required to overcome the gap in changing technology demands. Trailing innovative solutions in hardware is 
something schools could be encouraging the computing suppliers to achieve. A crude version of the lightweight 
laptop/ external screen is possible now. In the future the ubiquitous mobile phone, which is constantly transforming 
itself into other devices, may hold the answer for the receiving device while schools could provide the "add-ons" to 
turn the phone into a CAD workstation. In conclusion moving to an arrangement that gives students and staff more 
flexibility and allows the schools to focus on providing the software tools could have significantly positive benefits for 
all parties. 
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ABSTRACT: This paper describes an interview study of forty five architects and designers. The study 
assesses the extent to which designing is insightful, by investigating respondent experiences of 
discoveries, and of latent designing or preparation. Discoveries that emerge when individuals are 
designing, are called hot discoveries. Discoveries occuring when respondents  are not designing, an 
apparent outcome of latent preparation, are referred to as cold discoveries. The evidence from the 
research suggests that designing is insightful and that cold discoveries are more important than is 
currently recognized. Latent peparation is widespread,  has different forms and results in different 
outcomes. It can resemble what is commonly called incubation, but ranges between active conscious 
designing and passive apparent unconscious activity. It is clearly not only an unconscious process. 
This suggests one or more things; 1) incubation is only a component of latent designing, 2) the view of 
incubation as an unconscious process does not fully account for the range of insightful experiences of 
designers, or 3) whether incubation is a conscious or unconscious process is not critical to design 
cognition. The paper concludes by considering prospects for further research and how the outcomes 
could influence education.     
  
Conference theme: Education of future architects - Design cognition 
Keywords: Insight, Latent designing, Incubation 
 
 

INTRODUCTION 
The aim of this research is to assess the extent to which conceptual designing is insightful. More of the background 
to this paper has been outlined in two papers presented to earlier ANZAScA conferences. Murty & Purcell (2002, 
2003). The two earlier papers describe interviews with the first of the respondents. The 2002 paper describes a 
Preliminary study of five individuals, two graphic designers, two architects and a professional artist-designer. The 
2003 paper reported on responses from the first 16 of 40 architects interviewed for the main study. The architects are 
either receivers of awards, granted by their professional body (RAIA), or have been nominated as impressive 
practitioners, by the prize winning architects. It is now possible to report on all 45 respondents.  
 
It became evident that significant numbers of designers are insightful from the first few interviews. The very first, P1, 
is the least insightful of the initial five, but the second, P2, is one of the most insightful. P3 to P5 all indicated 
insightfulness in a variety of ways. A01 to A16, the architects described in the 2003 paper reinforced this trend which 
then continued through to A40, the last respondent. Because a trend was evident early and was sustained the initial 
research questions were augmented by a focus on the detail of what was happening. In this paper, I have 
endeavoured to simplify the overall description in order to focus on key findings and statements on which they are 
based. The parts that follow comprise: 1. A brief overview of the study, 2. Findings of Insightfulness generally, 3. 
Insightful Discovery, 4.Cold discovery findings, 5. Latent designing, 6. The insight process and 7. Conclusions 
  
1. RESEARCH STUDY OVERVIEW 
 For several decades researchers have sought to understand and describe designing, with a variety of investigative 
approaches. Many studies have reported designers making unexpected discoveries, or experiencing realisations that 
have led to design solutions, while working during single protocol sessions. The majority have associated sketching 
and use of sketches with discovery (Goldschmidt, 1991; Schon and Wiggins, 1992; Goel, 1995; Suwa, Gero & 
Purcell, 1999). Protocol studies, of blindfolded subjects, have confirmed that designers can also use their mind's eye 
as a virtual space, to design without sketching (Athavankar, 1999; Garde, Kuthiala and Athavankar, 2001; Bilda and 
Gero, 2004). An implication, of use of the mind's eye, is that designing and discovery can occur at any time.  
 
The view that discovery might occur at any time, and perhaps precipitate unexpected transformative consequences, 
is supported by the Gestalt theory of insight. This theory proposes that solving novel problems requires productive, as 
opposed to reproductive thinking, which involves; a) insights, or acts of recognition, typically involving a 
reinterpretation or reformulation of the problem, called restructuring, following the overcoming of; b) fixations or 
mental blocks. Gestalt theory also proposes that insights, typically, are preceded by a period of  apparent inactivity; c) 
known as incubation (Wallas, 1926; Duncker, 1945; Kaplan & Davidson, 1988; Mayer, 1995). But Gestalt theory has 
been criticised by some theorists and the concept of insight has been described as dispensible and synonymous with 
mundane acts, such as recognition (Greeno, 1978; Weissberg, 1995; Simon, 1996,1999). 
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Meanwhile, concepts associated with insight, such as restructuring, fixation and incubation, have been the subject of 
interest in both cognitive and design research (Finke Ward and Smith, 1992; Jannson & Smith, 1991; Purcell and 
Gero, 1996; Lloyd, Lawson & Scott, 1996). But there is no insight research methodology, appropriate to designing. 
Typical insight research studies involve use of puzzle-like problems, known as insight problems, but like protocol 
studies of designers, this approach provides a limited view of the whole, or Gestalt experience of being a designer. 
However there are questions about insight that are worth investigating. Some concepts and methods originating in 
Gestalt theory have been utilised extensively by modern cognitive researchers, including Simon (1999) and there are 
important issues within the competing views of insight psychology that remain unanswered. If the Gestalt insight view 
can provide useful interpretations of how talented individuals like designers carry out their work, that other models of 
cognition do not address, this could have significant implications for future research and for education. 
 
One common feature of insight studies and design protocol studies is a problem-based focus - studies are based on 
a problem. However some researchers have noticed that, while scientists and engineering students tend to focus on 
the details of problems they are solving, designers and architects, especially, tend to be solution focused (Darke, 
1978; Lawson, 1979). That observation contributed to a decision to orient this study towards solutions, or discoveries, 
rather than problems. It was also recognised that while problem-based studies recorded discoveries made in one-off 
sessions,  the frequency and significance of design discoveries that might occur unexpectedly, at any time, appears 
to have been completely overlooked. To close this gap an interview study was planned which focuses on individuals 
who undertake conceptual design professionally and on the breakthroughs and discoveries during the course of their 
lives. It was hypothesised that designers would present signs of insightfulness, that some designers would 
experience cold discoveries and that, for some, their cold discoveries would be more insightful that their hot 
discoveries. To test these propositions a preliminary study of 5 designers and later a main study of 40 architects was 
undertaken from 2002 to 2004. The data from the two studies, being reasonably consistent with each other, are now 
combined. As the focus was on discoveries, a distinction was made between two types of discovery. Those that 
emerge in the run of play, when individuals are designing, are called hot discoveries. Those occuring when 
respondents  are not designing, are referred to as cold discoveries.  
 
1.1 The interviews 
The interviews are structured discussions conducted and audio-recorded by the first author. They focus on what the 
respondents try to achieve, their actions, conceptual breakthroughs and unexpected discoveries made throughout 
conceptual design, not only when they are working, but also when they are not. Questions are open-ended, to elicit 
pertinent revelations without leading, or inducing biased answers, and are grouped in four stages, as follows.  
1) Introduction, focuses on career milestones, formative influences, challenges overcome, perceptions of past and 
current strengths and  weaknesses, and perceived success attributes.  
2) Designing and Designers, shifts the focus to design philosophy and values. Respondents are also queried about 
how they design and to describe their normal mode of progression, whether steady or fluctuating.  Progression is one 
of a group of occupational attributes, referred to in the study as action style. 
3) Working and Discovery patterns, is intended to explore further action style attributes. Respondents are asked to 
assess the extent to which they are, always a designer, referred to as incessancy, and quick on their feet, versus 
reflective and contemplative. Further questions address items the respondents associate with their creative work,  
referred to as creative catalysts, and how they cope with getting stuck, or being unable to resolve a tricky design 
problem, referred to as reactivation. Respondents are asked if they can recall and describe breakthroughs and 
discoveries during conceptual design. Further detailed questions are asked about these recollections. 
4) Completion, begins with an explicit question about design ideas coming unexpectedly when not designing. A 
recalled event is followed by requests to describe specific and general aspects of the experience. Finally the 
interviewees are asked about anything else that may be important to their work, or which helps to explain 'how they 
tick', in order to draw out any crucial unstated thoughts that might have been missed, or may have occurred during 
the interview. 
 
1.2 Data processing and analysis 
The interview recordings were processed in two ways. Initially, as interviews were proceeding, a method of real-time 
spot transcribing of interviews, directly to an Excel spreadheet, while copying from recorder to PC, was implemented. 
This provided the essence of each interview in a text form permitting prompt analysis for research papers. From small 
beginnings this method grew and influenced the development of a study methodology. Later once the interviews were 
transcribed a deeper and more thorough coding was undertaken, resulting in the presentation of the interviews in a 
questionaire like  format. More recently the contents of the full transcription are being reviewed to enrich the 
spreadsheet. An aim for future studies will be to identify and acquire a database application that combines the instant 
filter-sort-display functionality of the spreadsheet and the capacity to manage large amounts of text as well. Two 
applications, anSWR and NVivo have been considered during the research, but neither demonstrated sufficient 
versatility for the intended function.   
 
Assessment of insightfulness consists of 3 indexes. 1) Insight experience, is based on indicators associated with the 
definitive components of insight described earlier, fixation, incubation and restructuring. Two additional concepts are 
included. Fixation is typically prededed by preparation that is insufficient for the task, at which point the individual gets 
stuck. Then, the moment of insight is typically accompanied by an exclamatory "Aha!" sensation of welcome surprise, 
or relief. Individuals score one point, on a scale of 0-5,  for statements that include indicators of each criterion, when 
describing a particular discovery, or referring to their discoveries generally. 2) Cold discovery experience, is based on 
a scale of 0-4, applying stated indicators of four criteria, frequency, importance and two relating to degree of hotness 
and coldness. a) hot time, is associated with the relative proximity of a discovery to earlier designing, or problem-
solving activity. The coldness of a discovery straight after a design session,  with the mind still seething with thoughts 
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would be doubtful. b) Cold time: is associated with qualitative aspects of times, activities and events, other than 
working. A discovery that occurs at work, which is totally unrelated to the current activity could be a cold discovery, 
while one that occurs away from work, but in a de-facto work activity, like designing while commuting, would not be. 
3) Cold discovery insightfulness, is more subjective than the first two, as it is mostly a matter of judgement, or 
indicators of insightfulness offered by the respondent. A scale of 0-3 ranges from dismissive, or negative remarks 
about cold discoveries, to positive references to cold discoveries, indicating greater insightfulness than hot 
discoveries. Terms such as clearer, more creative, have the essence, more resolvable, or stronger are acceptable 
indicators of greater insightfulness.  
 
2. FINDINGS OF INSIGHTFULNESS GENERALLY 
More than 85% (39/45) of all respondents described insightful discoveries making a significant contribution to their 
conceptual designing.  More than 50% of this group (24/45) confirmed the experience of cold discoveries, or 
discoveries when not actively designing. Moreover more than 20% of the respondents (10/45) indicated that their cold 
discoveries were more insightful than discoveries made while designing, referred to as hot discoveries. The 
remainder, less than 15% (6:45) of all respondents, are categorised as incremental designers. Two described 
themselves as rational or methodical. Others in this category tended to affirm some experience of discoveries, but 
were unable to recall any, and had little or nothing to say about discoveries in general. 
 
The three insightful categories described correspond to experimental hypotheses, but it became evident after the 
research results began to accumulate, that they also represent levels of insightfulness, with the incremental group 
representing the base level. Considered in those terms three levels of insightfulness were identified. Individuals, 
described as Insight Level 1, experience insights in the form of hot discoveries which are narrowly situated within the 
times, places and intentional activities of designing. Insight Level 2 designers, experience insights in a greater variety 
of situations, including many in the form of cold discoveries, outside of the normal times, places and activities of 
designing. A third group, described as Insight Level 3, distinguished themselves by affirming that their cold 
discoveries are more insightful than their hot discoveries.  
 
The respondents also indicated that they experienced insights differently. Four broad categories of discovery 
experience have been identified, clarity, fluency, recognition and ideas. In Figure1 (below) each column represents 
the numbers of respondents in each Insight Level group, who described themselves having one of the four discovery 
experiences. Clarity experiences, typically a sense of realisation, rather than a specific idea, appear to be relatively 
evenly distributed among respondents in the three insight levels. Fluency experiences, typically a succession of 
ideas, are most commonly associated with insight level 1 respondents. Recognition, typically occurs when a designer 
encounters something seen  or thought before and perceives, in it, something not appreciated before. This 
experience appears to be more strongly associated with insight Levels 1 and 3. Idea experiences, typically classic 
"aha!" events, may be a specific solution to a problem, or a generator upon which a design can be based. They are 
more commonly experienced by Level 2 and Level 3  (cold discovery) respondents. 
 

 
Figure 1: Insightful discovery categories by Insightfulness Level 

 
 
One question, of general interest,  is whether insightfulness is associated with success, or skill as a designer. Among 
the respondent population are 21 architects who have demonstrated sufficient skill to be awarded architectural 
awards by their professional body, the RAIA. This is not the definitive measure of success, or skill, but it is one.  
Figure 2 (below) suggests that Award Winners may be more insightful than Others, although the difference is small.  
The greater and fewer Insight Level 2 and 3 respondents, among the Award Winners group, also suggests that the 
Award Winners are less convinced of the insightfulness of cold discoveries.  
 

    
Figure 2: Discovery categories by RAIA award status 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 225 



Figure 3 (below) shows the relationship between Discovery Experiences and Award status. This graph shows that 
proportionally more Award winners, than Others (8:2), described their discoveries as Clarity experiences. It also 
shows that Recognition experiences were only reported by the Other respondents. 
 

    
Figure 3: Discovery Experiences by RAIA award status 

 
 
The apparently minor role of Recognition as a factor in insightful discovery among award winners is of significant 
interest. If architects, judged as most skilled by their peers, achieve insightful discoveries, by generating ideas, or 
achieving a state of clarity, this suggests the possibility that insightfulness may involve productive thinking, and not 
simply be the reproductive selective search and recognition process, fundamental to Simon's bounded rationality, 
problem-solving paradigm.  Of course this is not yet compelling proof. In this study, Recognition has typically involved 
something concrete, like an earlier sketch, rather than a thought from memory, but the findings are sufficiently 
suggestive to prompt questions about the form an alternative process of discovery may take. For instance, what can 
one do instead of search? One can explore, but exploring is just another way of searching. What would be completely 
different? Before proceeding with this theoretical line of enquiry it is worth considering what the respondents have 
actually said.  
 
3. INSIGHTFUL DISCOVERY - Insightful Level 1 designers 
As stated, respondents described different insight experiences. The differentiation was not precise. Some 
respondents described combined  experiences and, for some respondents, experiences varied  from event to event. 
The four discernable categories of clarity, fluency, recognition and ideas shown in Figures 1 and 3 have the following 
properties.  
 
3.1 Clarity experience 
A Clarity experience, is characterised by a noticeably different and stronger sense of realisation, rather than a 
specific idea. It appears to have features in common with classic Gestalt conceptions of insight, like Wertheimer's 
notion of having insight into the problem or what Kohler referred to as, awareness of new relations among problem 
components (Wertheimer, 1959; Kohler,1929). 
 
A21 described successfully coming out of an extended mental block, by deciding to relax by playing classical music 
and to draw up what he had. .  

Even though I was in a very distraught state, I managed to become a little more peaceful, listening to this music and 
draw. And draw…with a little more care and a little more detachment, right? And I drew it, right? And then I thought, 
suddenly, "I had broken through", right? And I thought, "Well, I can make this so much better". 

A21 described both hot and cold discoveries. He made no distinction between them, but suggested greater affinity 
with discoveries achieved while he is in full flow designing: 

… there's a lot of spontaneity in these ideas and probably most of the time that happens… in the immediacy of 
actually working. It's when my mind and hand are kind of one. 

 
3.2 Fluency experience 
Fluency experience, is typified by frequent ideas, often experienced as a flow or succession of ideas. In one clear cut 
case A30 describes how, instead of sketching, resketching and working towards a design by trial and error, the 
design of one of his best known award winning houses flowed from his mind to paper, as he drew in a continuous 
manner, without changes or corrections.    

On every project there are so many problems and so many break throughs… the first house I designed…  I 
designed that lying on the beach… I drew it in my sketch book, a section of it, and I drew it and I thought, "that’s it!" 
… just drew, came from nowhere, just drew it… practically the first time I tried to draw what I was thinking about…. 
It was a Saturday afternoon… I got off the beach and I went straight to the office…  And I sat there and I tried to 
draw it and I couldn’t… so I enlarged it on the photocopier… put a piece of tracing paper over the top and traced it 
and that’s the section. 

The word drew, as used by A30, signifies that his action involved the realisation of a gestalt.  This is demonstrated by 
the failed attempt to draft the design at his drawing board, back at the office. It was necessary to make a scaled 
photocopy which could be traced whole, with all relationships preserved. 
 
A22 recalled a recent breakthrough in the design of a competition entry for amenities blocks in a major public park. A 
design had been developed and was being presented for submission, but both A22 and his partner A23 were 
unsatisfied with it and felt it couldn't win. The breakthrough in the design involved changes to the materials of screens 
covering the building facade. On the Saturday morning A22 started with the detail: 

… it was one of those things where I just started drawing a 1:5 detail in sketch form. It just came very quickly and 
very naturally and as soon as I drew it I felt confident. 
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3.3 Recognition experience 
A recognition experience typically involves the designer encountering something seen or thought before and 
perceiving, in it, something that was not appreciated before.  
 
A15 described a house project in which an idea emerged shortly before a progress meeting with the clients. The 
initial condition was that a set of plans had been developed, the clients were expected to be happy with that but, to 
A15:  

… it wasn't actually a design it was just a default... it just didn't seem to me to be a strong enough idea, to be unique 
and I want something to be quite different... 

A15 had liked a brush-railing form in the image seen earlier, and made a sketch of it, one of many considered during 
the designing. On this day sketches were reviewed again to see what could be developed. A15 and partner A16 both 
liked the fence image and so A16 made a 3D computer model of it. When viewing the model A16 rotated it 90 
degrees and and, immediately, a screening solution for the façade was recognised. 
 
A34 described a recent project, a master plan for development of  suburban and semi-rural blocks considered 
suitable for conversion to housing. The project was complicated by a large number of stakeholders with conflicting 
wants and needs. A34 was distressed by the project and some of the people involved, but persisted and: 

… by reading the planning, by looking at the history of that site and the subdivision plan and saying "how can we do 
this", and looking at, like, 10 options, but one option in particular, like… (click), the light come on and the penny 
dropped… and we said "this is it, this is a really good solution"… 
 

3.4 Ideas experience 
Idea experiences are typically classic "aha!" discoveries where a particular discovery is made that may be a solution 
to a problem or a generator upon which a design can be based. They are a much less common among Level 1 
insightful designers than Level 2.  
 
A17 described the generation of ideas for two exhibitions. The first idea, was developed for an exhibition presenting a 
history of rock & roll music. The principal idea was the exhibition's three dimensional shape, an evocative sculptural 
form resembling the inside of a human ear. The first occurred at the office while drawing..   The second idea, was for 
an elevated pathway to a tall artefact, to be erected inside a museum A17 was designing for a NSW country town. 
The eventual idea of a three dimensional spiral came to him while driving.  

I just thought… that a 3 dimension spiral is probably… the nicest way to get to that sort of thing.  Now… that's kind 
of a diagrammatic idea, that I came to without drawings and then tested it and seemed to be quite a good way of 
solving that problem. 

The insightful side of A17 is evident in the fact that he considers himself to be an intuitive designer and is accepting 
of the notion of ideas coming to him, as opposed to searching for them or tracking them down. The following reply 
suggests a combination of active cognition and a passive and perhaps forgotten cognition that could be regarded as 
a form of incubation. 

… you do a little bit and then you go and do other stuff… and so you've still got the drawing activity in your mind, 
and I think that little bit of distance is probably good to kind of clarify, and then you come back and you draw some 
more, and then you go out and you do something else.  So, it's sort of a constant, I mean it's kind of a consuming 
process until it's worked out… 

 
4. COLD DISCOVERY 
Cold discoveries are experienced by both Insightful Level 2 and Level 3 designers. At this point knowledge of 
systematic differences between the two categories does not extend far beyond the distinctions made earlier, namely: 
1) By definition, insight Level 3 designers perceive their cold discoveries as more insightful than Level 2 designers, 2) 
This perception may be associated with other differences between the two insight levels. See Figs.1, and 3. For the 
purposes of describing cold discoveries in this paper Insightful Level 2 and Level 3 designers are considered 
together. 
 
4.1 Cold discovery - Clarity experiences 
A38 observed that discoveries when working are likely to be influenced directly by the work, that drawing has a 
cathartic effect. Discoveries when not working, he associates with reverie, thinking conceptually and analogy. A38 
referred to the state of mind early in the morning when it is easy for your mind to slip cogs,  

… when you’re thinking or relaxing… really your mind never stops working on things, … I’m working on things all 
the time, not deliberately, but, you know, you’ve got things to solve, they're always there… 
… I could probably think about every job I’ve done at different stages… where you actually, somehow realise that 
suddenly it’s all going to go together, it’s the moment before that happens that’s the really good time… Sometimes it 
comes to you instantly you arrive at the place. You see exactly what has to be done.  

    
A29, the youngest respondent, described several discoveries including a realisation that occurred to her while she 
was eating dinner with a mentor. This was a general realisation of an achievable design approach, rather than 
particular ideas. A29 described frequent experience of cold discoveries. 

… all the time.  Sometimes… in the middle of the night… I might wake up and have resolved something which had 
been really bugging me.  I don’t know... I love that part of your brain…Dad used to always say to me, "you’re 
working on it now, just let it go"… and I would say, "what do you mean? I need the answers now".  But then you 
leave it and you go to the movies, or whatever, and then that morning you’ll wake up and you’re like, "Oh! Actually, 
how about doing it like this? And it’s almost like your your brain is already working overtime to resolve a problem. 

 
A39 described his discoveries as occurring all the time, night and day. 

All the time.  Night and day.  I wake up at two o’clock in the morning with a solution. That Paris thing was two 
o’clock in the morning… I just woke up and there it was. 
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Cold discoveries are regarded, by A30, as being of the same nature and value as work-based hot discoveries. 
I don’t see them as being radically different… I see it all as one... you might think that there’s something romantic 
about coming up with an idea at two in the morning and so on, but it’s not, it’s just me still working… I don’t wake up 
and go, "I’ve got it!" I just wake up and say, "Oh right. So that will be like that." 

 
A23 offered the view that because many of their projects are large they are not resolved by one idea 

… its not like a light bulb comes on in your head…. I think a lot of ideas, or clarity of thinking, probably comes when 
you're not actively trying to make it come.  I think it comes when you're kind of relaxed, basically… I think it's more 
insight, less ideas, more insight. 

  
A05's description of a sudden revelation that led to resolution of a townhouse project alludes to incubation. 

Suddenly. It was like, there. Yes. I think they do come suddenly… maybe subconsciously, they're kind of there 
forming and then, all of a sudden, it comes into the conscious realm. It's like when you are understanding about 
yourself, you know, you are kind of aware of certain things and all of a sudden it comes into the conscious and [you] 
think; 'oh, that's it,' or 'oh I see, that's what it is'… 
 

4.2 Cold discovery - Fluency experience 
A20's statements indicate an acceptance that her way of designing involves unnoticed mental activity going on while 
she is doing other things. She stated that some of her most valued discoveries occurred when she was not working. 

… you'll be out hanging the clothes on the line, or something and ... it strikes you that there's a solution for 
something and then that just snowballs and pulls everything together, and I find that happens a lot for me. 
… I think I do solve more things when I'm actually drawing.  But... some of the best things that hold a project 
together, that people get most value out of, or is most memorable, comes when I'm not really working on the 
drawing board. 

A20 made little or no mention of her discoveries being prompted by externalities, apart from drawing. This could 
indicate that her cold discoveries are mostly generated internally. Like the experience described in relation to A29, 
above. They cut across whatever she happens to be doing. 
 
4.3 Cold discovery - Recognition experience 
P2 a graphic designer associated breakthroughs with getting away from a job and described the incubation process 
explicitly as very valuable 

I always find that it happens after you have walked away from a job. I think that for me, the breakthrough will always 
come. It won't come by working at it.  
… For me, the breakthrough is usually through distance, like actually going away. I believe there is an incubating 
process. I think there is a subconscious process that is very valuable, which is moving away from it, and going and 
doing something totally different.   

 
4.4 Cold discovery - Idea experience 
 
A03 described a cold discovery when designing a northern beaches house. 

… it was a curved plan... I had an idea and I was mucking around with it and I am pretty sure that I was swimming 
one day when I… came up with this notion of capturing the north easterly breezes and the curved way of dealing 
with how to get the courtyard... because I had some different linear things and then finally this idea kind of evolved. 

That this was no isolated incident can be judged from her affirmation of an incubation-like facility. 
I just believe that your mind is a very powerful instrument and you've got to feed it well and then you've got to let it 
think things through on its own and if you do that, then suddenly things will emerge that answer, sort of, problems.      
 

A25 described breakthrough that occurred when she was designing a warehouse-to-showroom conversion. 
It's… just a plain warehouse and it was, "how do you make this incredibly plain… space become exciting and 
interesting?" And it was sort of like, working and working and working and then it was just simply having the idea of 
creating a tall, two storey volume and taking all the roof sheeting off the existing building and putting in a skylight.  

An early morning "Aha!" led to the complete breakthrough. 
… with this project, it was like you know, 3 o'clock in the morning, I thought, "Oh we could do this". Got up, went and 
drew it and that was the initiation... it ended up being quite different, but it started the whole thing going. 

 
5. LATENT DESIGNING 
Evidence of latent designing is in the discoveries, but the driving force can be identified in action style statements. 
 
5.1 Incessancy 
Respondents were asked to assess the extent to which they are always a designer, referred to as incessancy. About 
two thirds affirmed they were incessant practitioners, in being always the architect, or always on the case  in one form 
or another, by their  thinking, conceptualising, processing, enquiring, exploring, as in the following examples. 
 
Being perpetual 
A04      ...My children are embarrassed by my tapping walls etc. Always enquiring.  
A30     Absolutely the same. The majority of the conversations when we go on holidays are about architectural things.  
A37      …you are always an architect. It's inescapable… it's constantly with you.  
 
Always on the case 
A06     ...I am pretty rigorous throughout the process of design... some things work well early on...but other things require   

more....and so you keep working at it until you get to a satisfactory point.   
A16     We are perpetually looking for the best possible solution…  we have gone back and re-explored, because we want it 

to  be brilliant. We are not billing the client for this.  
A17     When I get a new job I don't stop thinking about it until I have worked it out. It might take 4 hours or 4 weeks. 
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Among the remainder, some could be described as situational, and others advocated a breaking for productive 
reasons.   
 
Situational 
A22 and A26 spoke of how their enthusiasm depends on the project...   
A23 described how disappointments (eg. losing competitions) can reduce zeal  and emphasised the need to recover.  
A15 described being inhibited by her partner A16 (see Always on the case) who is: 

… the most excited by everything about him that I have ever met... I'm average compared to him. Always looking, 
talking, insatiable curiosity...It used to be me. I've stopped because he won't stop.   

 
Advocates of not always being on the case. 
A20 described diverse responsibilities, and of being accustomed to switching from one activity to another. She spoke 
of frequently receiving  ideas when not thinking about work.   
A21, who described architecture as an intuitive process involving reflection, stated;  

Architecture is such an intense profession, but it is important to not always be on the case...we've got to be careful 
to pull back from it.   

A31 referred to the subconscious and ideas emerging in one's sleep, stating about designing;  
Sometimes you have to leave it...Don't stay on the one thing all the time.   

 
5.2 Reactivation 
Respondents were asked how they cope with getting stuck, or being unable to resolve a tricky design problem, This 
drew a variety of answers. About 10% opted to persist until a solution was reached.  For 90%, disengaging from 
designing and doing something else, or re-engaging with the project in a different way is the preferred action. Some 
respondents would choose either depending on circumstance but about 80% made a choice. 
Disengage - About 50% of the respondents exhibited confidence in their capacity to solve problems, when they were 
stuck, by disengaging from the project in one or more of several ways. Methods range from, resting, getting away 
from the workplace, physical activities such as swimming or going for a walk, non-work-related creative activities 
such as painting, or working on other tasks.  
Re-engage - About 30% of interviewees stated that, when stuck, they would adopt an alternative means of 
engagement with the project in one or more of several ways. Methods nominated included: change from output 
activity (ie. trying to conceptualise) to input activity (eg. read magazine), re-represent the task differently, re-consider 
the task differently, collaborate with others.  
 
5.3 Incubation - unconscious or forgotten processing 
The view that solutions to problems are often realised by individuals, not while they are making efforts to solve a 
problem, but some time after they have stopped is not uncommon.  Incubation, the metaphoric name given to this 
apparent mental hatching  phenomenon, has been defined minimally as any interruption of conscious problem-
solving that later appears to have aided in attaining the solution (Kaplan & Davidson, 1988). This definition reflects 
the fact that a specific process of incubation has never been conclusively demonstrated. Gestalt theory views 
incubation as an unconscious but active constructive process. Poincare (1913). But a number of alternative views 
account for incubation effects by means of  conscious processing. One simple explanation offered by Kaplan & 
Davidson is that series of brief conscious thoughts may, when unsuccessful, simply be forgotten.  They note that a 
person may recall and verbalise a fact previously stored in long term memory. The person will be conscious of a 
retrieved fact once it reaches working memory and is verbalised, but will be unconscious of the process of retrieving 
it. This, they propose is because retrieval, like forgetting and priming, operates independently of working memory. 
Forgetting, they propose, can be attributed to limitations of working memory. If there is a rapid turnover of information 
in working memory, while thinking about a problem, intermediate results may not stay in working memory long 
enough to be encoded into long term memory. Once a solution is reached a person may be conscious of  an answer 
(currently in working memory) but retain little or no recollection of the path of thoughts that led to it.  Kaplan & 
Davidson, (1988)   
 
6. THE INSIGHT PROCESS? 
The interpretation of incubation suggested by Kaplan and Davidson could account for some discovery experiences 
that might otherwise be attributed to a subconscious process. It also highlights the fact that attributing discovery to 
the subconscious explains nothing. All cognitive activity may originate unconsciously.  One can speculate on 
alternatives  to the Simon search model. The mass media provide an example. Most of us have grown up in a world 
of mass media dominated by the push model, where providers send content to users. However the Internet has 
brought us the pull model, where content is drawn from providers by users. It is possible that cognitive searches 
could have two analogous modes. Simon's search model is based on the familiar metaphor of a seeker looking 
everywhere for the answer, very pushy. In contrast, a number of respondents gave the impression that by not 
thinking about the project, when they were stuck, they had stopped searching and were waiting for the solution to 
come to them. It may be that a vital feature of the latent model is that it is like a pull search, or an invocation?   
 
7. CONCLUSIONS 
Wide variations in design approaches and actions have been found among the respondents, reflecting human 
diversity, suggesting that we may be more like ecosystems, than like computers. The evidence from the research 
suggests that designing is insightful. Positive descriptions of cold discoveries by most interviewees suggest their 
faith, that disengaging from active designing is sometimes more fruitful than persisting with designing, is well 
founded. Both the reported frequency of these discoveries and the expressions of their value suggest that cold 
discoveries are more important than is currently recognized. Evidence of latent designing is widespread, based on 
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the evidence of abundant cold discovery, high levels of incessancy, or engagement with designing, and the diversity 
of reactivation strategies. 
 
While assessments have been made of insightful designing, it is not proposed that insightful designers are  better or 
more creative than designers whose conceptualisations occur incrementally. All respondents in this study are 
assumed to be skilled, creative designers. The speculative notion of push and pull based discovery models suggests 
another intriguing possibility, which is that perhaps problem-solving and creativity, which are somewhat blurred 
together by theorists, may actually reflect these two different models and should be distinguished from each other.    
  
This research so far has focused on designers. Most respondents are architects. This choice is partly pragmatic, one 
of us is an architect, we are employed in an architecture Faculty and there is a body of  cognitive research based on 
the evidence of architects. Planning was influenced by the view that if any profession was likely to be compatible with 
Gestalt theory, it would be designing, and architectural design in particular. Fundamentally, designs are Gestalts, or 
wholes, greater than the sum of their parts. If questions about design discoveries elicited only reports of methodical 
progress from the respondents, who include some of the most interesting and accomplished architects in Australia, 
that would be a remarkable finding in itself. But if the respondents showed strong signs of insightfulness, this would 
suggest that individuals other than designers could be insightful too. People in many occupations, like designers, 
encounter large amounts of semi-related information and are required to promptly identify and combine the essentials 
together for some useful purpose. This might involve a coherent action, or an executable plan for others to 
implement. Therefore, the implications of positive findings in the initial study could be wide reaching.  
 
REFERENCES 
 
Athavankar, U. A. (1999) Gestures, Imagery and Spatial Reasoning, Visual and Spatial Reasoning. in Gero, J. S. and 

Tversky, B. Preprints of the International Conference on Visual and Spatial Reasoning (VR 99) (1999) MIT, 
Cambridge. 

Bilda, Z. and Gero, J. S. (2004) Analysis of a Blindfolded Architect's Design Session. In Gero, J. S.,  Tversky, B. and  
Knight, T. (eds), Visual and Spatial Reasoning in Design III (2004) Key Centre of Design Computing and 
Cognition, University of Sydney. Sydney. 

Darke, J. (1978). The primary generator and the design process. In N.Cross (Ed.) Developments in Design 
Methodology (1984) John Wiley & Sons, New York. 

Duncker, K. (1945) On Problem Solving (Trans. L. S. Lees, from 1935 original), Psychol. Monogr., 58. 
Finke, R. A., Ward, T. B. and Smith, S. M. (1992) Creative Cognition. Theory, Research and Applications. Bradford / 

MIT Press, Cambridge. 
Garde, A.. Kuthiala, S. and Athavankar, U. A. (2001) Inventive Interventions in Mental Imagery. Bulletin of 5th Asian 

Design Conference CD Rom. (2001) Seoul National University. Seoul. 
Goel, V. (1995) Sketches of Thought.  MIT Press, Cambridge, Mass.  
Goldschmidt, G. (1991) The dialectics of sketching. Creativity Research Journal, 4. 
Greeno, J. G. (1978) Natures of problem-solving abilities. In Estes, K. W.  Handbook of Learning and Cognitive 

Processes - Volume 5 - Human Information Processing (1978) Lawrence Erlbaum, Hillsdale N.J. 
Kaplan, C. A and Davidson, J. (1988) Hatching a Theory of Incubation Effects. Carnegie-Mellon University Technical 

Report: C. l. P. #472. Supplied by the author.  
Kohler, W. (1929). Gestalt psychology. Liveright, New York. 
Lawson, B.(1979) Cognitive Strategies in Architectural Design. Ergonomics, 22 (1) 9. 
Lloyd, P., Lawson, B. and Scott, P. (1996) Can concurrent verbalisation reveal design cognition? in Cross, 

Christiaans and Dorst (eds), Analysing Design Activity (1996) John Wiley, Chichester.  
Mayer, R. E. (1995)The search for insight. In Sternberg, R. J. & Davidson, J. E.  (Eds.) The Nature of Insight (1995) 

MIT Press, Cambridge, Mass.  
Murty, P and Purcell, T. (2002) Discovery Processes in Designing. In Luther, M., Dawson, T., Ham, J., Moore, M., 

Rollo, J. and Treloar, G. (eds) ANZAScA 2002. Modern Practice of Architectural Science: From Pedagogy to 
Andragogy?  Proceedings of 36th Conference of the Australian and New Zealand Architectural Science 
Association. 1st to 4th November 2002. Deakin University,  School of Architecture and Building, Geelong. 

Murty, P. and Purcell, T. (2003) Unexpected Discovery Processes in Designing. In Hayman, S. (ed) Proceedings of 
37th Australian & New Zealand Architectural Science Association (ANZAScA) Conference. Faculty of 
Architecture, University of Sydney,  November 1st - 4th 2003. Faculty of Architecture, University of Sydney. 
Sydney.  

Purcell, T and Gero, J. S. (1996) Design and other types of fixation. Design Studies 17. 
Schon, D. A. and Wiggins, G. (1992)  Kinds of seeing and their function in designing. Design Studies, 13.   
Simon, H. A. (1996) Sciences of the artificial. MIT Press, Cambridge, Mass.  
Simon, H. A. (1999). Karl Duncker and cognitive science. From Past to Future: The Drama of Karl Duncker, Vol.1(2), 

pp.1-11. (1999) Frances L. Hiatt School of Psychology, Clark University. Worcester, Mass. 
Suwa, M., Gero, J. S. & Purcell, T. A. (1999)  Unexpected discoveries: how designers discover hidden features in 

sketches. in Gero, J. S. and Tversky, B. (eds), Visual and Spatial Reasoning in Design (1999) Key Centre of 
Design Computing and Cognition, University of Sydney, Sydney.  

Wallas, G. (1926). The art of thought. Harcourt Brace Jovanovich, New York. 
Weisberg, R. W. (1995) Case Studies of Creative Thinking: Reproduction versus Restructuring in the Real World. In 

S. M. Smith, T. B. Ward and R. A. Finke, The Creative Cognition Approach (1995) MIT Press, Cambridge. 
Wertheimer, M. (1959). Productive thinking. University of Chicago Press, Chicago. 
 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 230 



 
Architecture | Media | Representations Survey- 

(Exigencies at a Media Crossroad) 
 
 

Verdy Kwee, Antony Radford, Dean Bruton and Ian Roberts 
 

The University of Adelaide, Adelaide, Australia 
 
 

ABSTRACT: Architectural information has been presented in a myriad of ways through various media 
for the purpose of public education. Rapid technological change tremendously affects the modes and 
techniques of communication media necessitating a reassessment of these vehicles. This paper 
suggests that if the medium should continue to be the ‘massage’ (McLuhan, 1967), it is imperative that 
we should understand the implications our choice and use of various media for communication of 
specific data, especially in relation to a targeted audience. 
 
The paper presents the results and analyses of an online user survey which considers the use of 
currently available media, their roles and performance in the delivery of information of architectural 
works. It proposes suggestions for the manner and reasons these factors fashion users’ preferences. It 
also highlights several aspects of architectural data (e.g. forms, lighting, materials, etc) as well as those 
of the respective media used to represent them while indicating how significant end-users perceive 
these aspects in the process of understanding architecture. The interpretations of the results outlined in 
this paper may suggest some answers to the questions relating to current media use, but they may 
also pose more questions about the types of and the manner in which information should be delivered 
to architecture enthusiasts/readers. This reassessment is intended to help anticipate future directions 
in the application of these media in presenting architectural information. Special attention is particularly 
paid to the opportunities afforded by the digital platform. 
 
Conference theme: Architecture and media, Education of Future Architects, Human issues, Information 
delivery. 
Keywords: media, representation, survey, information, communication, education 
 

 
INTRODUCTION 
In the field of architectural education, the modes of lecturers’ deliveries are constantly assessed and rightly so, for 
their performance and effectiveness in disseminating information or imparting knowledge. This is normally done 
through institution-wide student satisfaction surveys. But are lectures the only source of knowledge? As we 
understand, in the process of understanding an architecture/building, this is not entirely the case. Interestingly 
enough, as our survey shows, lectures are not the most preferred mode of information delivery. 
 
Architectural monographs (of Alvar Aalto, Frank Loyd Wright, etc) mostly appear to be author-driven, often seemingly 
written with unrealistic expectations that readers should have prior knowledge of the subject matters in order to fully 
understand. Thus far, there has not been any continued assessment done on the effectiveness of this long-
established source of architectural information (Kwee et al, 2006b). Further, the academic circle does not seem to 
recognise their presence and contributions and how their form might be improved. Consider for example, ‘Educating 
Architects’, a compilation of articles with rich ideas of how architectural education should and have been carried out 
with a degree of comprehensiveness. This compilation appears to shy away from mentioning publications of 
architectural works as one of the sources of knowledge. (Pearce, M., Toy M., 1995) 
 
Does the reclusive nature of consulting these publications, effectively shield them from having their contents 
questioned/-able and thus strip them away from the recognition they deserve in the teaching enterprise? Or have 
they become so effective that their positions are beyond reproach? Has the academic circle just innocently 
overlooked acknowledging their presence and contributions?  
 
Increasing interactive electronic delivery of information suggests it is time for a reassessment of the currently 
available media in relation to message recipients. Have the available sources of information really been effective? 
Will/Should Technology see mere replicas of traditional modes of delivery, merely adapting its core structure and 
organisation in digital forms? Could we see possible shifts of delivery methods in the future? What should we be 
prepared for? These questions were springboards that prompted the need for the survey outlined in this paper. The 
collected data may be used both to examine the present scenario and to serve as basis to drive the future direction/s 
in architectural information representation. 
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1. SURVEY CONSIDERATIONS 
In an attempt to establish criteria for the survey, the following are emergent questions need addressing: What are the 
expected variables? How do we measure performance aspects of architectural publications? 
 
 The media and conduits of information do exert some influence. Availability and popularity of certain media types 

- i.e. texts, photographs, animations, drawings, video footages, etc - and the vehicles - i.e. books, the Internet, 
lectures, etc - would obviously ‘massage’ (to borrow McLuhan’s term) not just the attached messages, but the 
entire perception of the delivery and thus, effectively, the audience response to them. 

 Architecture is a multi-faceted subject that justifies equally multi-dimensional approaches and explanations of 
relevant factors to understand. It is only fair that Performance be measured in relation to the factors that are 
dealt with in these approaches. In outlining these factors, considerations are taken from Steen Eiler 
Rasmussen’s ‘Experiencing Architecture’ (Rasmussen, 1964) for its commendable introductory guide to 
architectural study. Feedbacks from key-informants in the architecture education field are also taken into account 
in establishing other relevant factors for which publication performance needs to be measured. 
From these, the survey derived a few selections, namely: 
The form, The purpose/s, The spaces, The circulation paths, The use of artificial lights, The air quality, The 
social context, The cultural context, The political context, The history, The scale, The users/visitors' feedback, 
The daylight (shade/shadow), The acoustics /sound, The designers' explanation, The proportion, The 
temperature, The colour scheme, The immediate surrounding, The smell, The views, The construction method, 
The materials used & textures, The cost, The air movement/ventilation. 

 Other aspects of media performance that we are interested in, deal with the characteristics or quality of 
information delivery and users’ perceptions of them. This aims to provide an insight into the areas of delivery 
qualities that might need addressing in the design or implementation of a particular method of architectural 
information presentation. 

 The selection of interview subjects, therefore, is aimed specifically at a pool of candidates with some degree of 
exposure to the media in their various forms (including digital) and experience in the process of searching for 
architectural information. This consideration consequently affects the methodology used in the call for 
participation. Survey announcements are made to relevant discussion groups on the Internet, namely 
Archiseek.com, Pushpullbar.com, arch.designcommunity.com and Archnet.org, as well as academic circles in 
the field using the same platform. The online survey further ensures that participants have access to the Internet 
as a source of information. These candidates (judging from the demographics and responses of those who finally 
participated), may already be well-acquainted with both digital and traditional approaches of information 
dissemination. 

 
This survey has been conducted under the assumption that participants have equal access to different architectural 
resources. Its results need to be interpreted in the context of the reality of imbalanced access found in different 
countries and places, and a necessary bias introduced in the survey by sampling an audience that is inherently 
familiar with internet use.  
 
2. PILOT STUDY 
Prior to the implementation of the online survey, a paper-based pilot survey was conducted among a small pool of 
students at The University of Adelaide School of Architecture, Landscape Architecture and Urban Design. Their 
responses were analysed, and some formatting and redesign of questions had been performed to reduce ambiguity 
and thus, unexpected disparities of answers. For clarity, the responses from this pilot survey are not used in the 
following final survey report and analyses. 
 
3 DEMOGRAPHICS 
The survey is represented by sections of samples with backgrounds described below. 
 

Table 1: Demographics 

 
                                                                                                                            source: (Kwee et al, 2006-a) 
 
From the above table, it is clear that most of respondents have some background in architecture. The common 
interest/background of the respondents could be an indicative factor that they have had genuinely searched for 
information pertaining to particular building/s in the past, thus making them suitable survey participants. This is further 
ascertained by the 93 percent who responded to the question that requests details of architectural works most 
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recently studied. The female to male ratio may have some effect on overall response pattern; however, this paper will 
not be investigating the differences of individual patterns between the sexes. 
 

Table 2: Country distribution 

 
                                                                                                                               source: (Kwee et al, 2006a) 

 
In total, there are 38 countries represented (Table 2). However, the distribution of the number of responses is not 
even. Since there are not sufficient responses for most countries to distinguish geographical differences of survey 
results, how the education, social and technological standards in each country which possibly shape the data will not 
be dealt with in this paper. 
 
4. RESOURCES AND MEDIA  
 

Table 3: Resources which participants have relied on 

  
                                                                                                             source: (Kwee et al, 2006a) 

 
When participants are asked what resources that they look at in their recent study of architectural works, most have 
responded ‘the Internet/Computer’ (Table 3), surpassing the traditional means such as books or journals. This is 
understandable since the Internet is currently the most accessible source of information and as this is an internet-
based survey, it is understood they do have access to this convenient facility. As more comprehensive, reliable 
materials are still perceived to be found in the traditional sources, the gap between the internet and books is not 
significant. However, could there be a potential of this drifting wider? There are a several main factors that facilitate 
the gravitation to a greater reliance on digital resources: 
 The availability and acceptance of the technology. We are still in a period of transition where familiarisation to a 

particular new system is constantly taking place resulting in some conflicting demands/preferences. This is 
hinted at from some of the survey participants’ answers to the open-ended questions. 

 The availability of content providers/authors who would be willing to explore methods of delivery. The print mode 
of delivery possesses technical limitations and the digital counterparts could help in addressing some of these 
shortcomings. Undeniably, there are other factors for consideration before digital technology would be fully 
explored and deployed. (for more details, please refer to: Kwee et al, 2006b) 

 The availability of reliable materials. Digital content on the internet may be less controlled in its quality. However, 
the platform does facilitate larger volume or quantity of sources due to the less restrictive nature of its 
publication. Currently, coupled with the instant access, the quality issues appear to be regarded as an 
acceptable trade-off. 
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Table 4: Media used in the resources. 

 
                                                                                                             source: (Kwee et al, 2006a) 

 
Most publications/resources are shown to rely heavily on photographs and texts to explain the multi-facetted subject 
of architecture (Table 4). Presumably, the types of chosen media are based on authors’ preferences and judgments 
which could be due to economical and skill factors. In any publication, an author’s bias is unavoidable. In this case, 
the selections and uses of media do exert some influence both on the information and the level of the audience 
understanding, while possibly contributing to further unintended biases. 
 
5. FACTORS 
The following sub-sections investigates participants’ perception of the importance of listed factors and how they think 
the resources have assisted them in their own process of understanding the architecture of their choice. 
 
Answers are based on a Likert Scale of 1-7: Strongly disagree, disagree, slightly disagree, neither agree nor 
disagree, slightly agree, agree, strongly agree, and based on this scale, the following sub-sections are particularly 
interested in the combined positive responses – i.e. slightly agree, agree, strongly agree. 
 
5.1. Importance and Understanding Scales 
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Figure 1: Scales of Importance vs Understanding 
 
With the exception of ‘the colour scheme’, current publications appear to provide participants with an understanding 
level that is consistently lower than the degree of importance that they assign to each factor (see Fig.1). This may 
suggest the dissatisfaction of respondents with the current resources in explaining the factors to the level of 
understanding they expect.  
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The understanding level of the colour scheme exceeding the level of importance may be attributed to the availability 
of (colour) photographs in most publications. This is well-supported by the figure in Table 3 which reflects 
‘photographs’ as the most frequently used media in the available resources participants have looked at. 
Understandably and as clearly depicted, the nature of these two-dimensional photographs, does not contribute to a 
deeper understanding level of other factors – e.g. form, spaces, proportion, etc. - which may also be shown in 
photographs. 
 
5.2. Factor Importance Ranking 
The distribution chart below (Fig. 2) shows ranks of factors of importance relative to the median value as perceived 
by the survey respondents. This median value only serves as a visual ‘benchmark’ and does not suggest that some 
factors are insignificant. However, they do reflect the general audience perception of what they regard as important in 
order to understand architectural works.  
 
Does this perception pattern correspond with the current level of information covered in most publications available? 
Has it been conditioned by their current content? The answers can only be assumed. For this to be fairly assessed 
published works need to be studied in extensive detail but that is beyond the scope of this paper. 
Within the field of architecture, a set of specialised interest areas do exist. Therefore, although this ranking may 
reflect the preferences of a general audience, it may not entirely be applicable to certain specific targeted groups. 
Nonetheless, as a rough general guide on areas to investigate, disregarding biases, this could prove useful for 
authors in their selections of information types to be included. 
 

 - Percentage (%) +  
Figure 2: Perceived ‘importance’ scale of factors in relation to the median value 

 
5.3.  How Architecture Should be Represented 
Participants have various answers to this question on how architecture should be represented to aid their 
understanding. However, one theme that occurs often is the demand for more use of particular media types, vehicles 
or features – e.g. inclusion of animations, texts, sketches, models, processes, movies, videos, etc. Could the 
provisions of these necessarily assist in augmenting their comprehension level? Does it reveal the lack of media 
vehicles or does it expose the poor delivery techniques of the existing ones? There seems to be sufficient ways of 
presenting architectural information given the list that participants suggest, but not all of these have been 
appropriately deployed or at all included in most publications. Some obvious reasons might be cost, time and the 
skills associated with producing a high quality publication of an architectural work. To avoid forsaking several of the 
more significant issues in effective delivery (such as whom this information is targeted for, how important it is for the 
audience to understand the message, etc) these issues, although understandable, are not impossible to overcome 
and need to be critically addressed. 
 
6. MEDIA/RESOURCES QUALITIES 
The conditions and quality could impact both the acceptance of media/resources and the recipients’ understanding of 
the relayed messages. The total percentages of participants who rated accessibility, clarity, appeal, coherence, 
organisation, completeness and immersive-ness of information as slightly important, important and extremely 
important are relatively and almost consistently high (Figure 3). The bold line across the chart indicates only slight 
differences in the ‘importance’ percentages between these quality factors.  
 
On the other hand, participants rank the performance of the resources they obtained (Figure 3 - lighter line) in terms 
of the above factors lower than they rank the importance scale. This reflects the lower-than-expected performance of 
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current resources in all these aspects, markedly on immersive-ness, completeness, coherence and organisation of 
information. Could the popularity of digital content change this in the future? Unless there is an improvement in 
delivery techniques beyond mere transformations of their print cousins onto the digital platform with hyperlinks (e.g. 
Great Buildings Online, Archined.com), we may not expect to see the performance level increase much more. 
Unfortunately, in their present state, most of architectural material delivery techniques in digital format have not 
developed in parallel with and to take advantage of what the technology could actually facilitate – hence, perhaps the 
graph pattern. 
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Figure 3: How participants weigh aspects of resources in terms of importance and their performance 
 
7. MEDIA ASSESSMENT 
How important are media valued and how effective are they in enabling the understanding of architectural works? 
These are also the questions posed to the survey participants. 
 
Figure 4a indicates how participants perceive the roles of texts, sketches, drafted drawings, onsite photographs, 
photographs of models, onsite video footages and computer animations in their importance and assistance in the 
process of understanding architecture. Again the pattern of answer appears to indicate the perceived sub-
performance of these media in helping participants understand architecture. 
 
If we overlay the response of their previous answers to the availability of the media used in current resources (Table 
4), we could possibly deduce the influence of this availability factor over how they rate the importance and 
understanding aspects (Figure 4b): when the presence of a media is low, their understanding level is also low. 
Interestingly, the conspicuously high presence levels of texts and photographs also bring them close to their 
corresponding levels of understanding and importance. This may indicate that these media are nearing or have 
reached their peak performances. It also suggests the gross underutilisation and great opportunity for the 
engagement of the other media in the delivery of architectural information. 
 
When asked which single or combination of media would assist them best, again, participants’ responses are varied 
but most have indicated the preference for visual media with the frequently mentioned being ‘(drafted) drawings’. 
Often, in publication of architectural works, drawings have not been the primary medium that authors use to explain 
designs. At times they are unjustifiably printed small with illegible details and other times grossly oversimplified; this 
kind of poor delivery, unfortunately is happening not only with printed publications, but interestingly also replicated in 
CDROM digital content (Hadid, 2003, Aalto, 2001). 
 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 236 



               
P

er
ce

nt
ag

e 
(%

) 

      

               ) 
   

P
er

ce
nt

ag
e 

(%

Figure 4 a/b: Importance of media, contribution to understanding architecture 
and media presence in publications 

 
8. RESOURCE PREFERENCES 
It is clear from the bar chart above (Figure 5) that at present, books are still the most preferred sources of 
architectural information. Many survey participants have stipulated that the reasons for this choice are the reliability of 
content and the possibility of self-immersion/interpretation. Meanwhile, one may argue too that the popularity of 
books could have been attributed more to the established nature of the media in terms of social acceptance than 
content reliability and perhaps also their traditional association to ‘scholarly’ prestige – a possible issue that renders 
comparable content and structure found in magazines today not being as highly regarded.  
 
The internet is also highly ranked as a preferred information source despite its relatively short developmental history 
compared to the other more established resources. Most participants have expressed accessibility as the main factor 
for this preference. In all fairness, in settings where all facilities are available, the immediacy of information retrieval 
through the internet is still unsurpassable. If the standard of content could be improved and controlled, it appears 
likely that the internet may be the only medium that could overtake the popularity of books in the future. However, to 
exceed the traditional media in its effectiveness in delivering content, aspects of digital delivery need to be studied 
more closely as well. 
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Figure 5: Preference ranking 

 
CONCLUSIONS 
Judging from the survey responses, there is a higher expectation of various aspects of architecture to be presented 
than most of the current media and resources have yet achieved. There seems to be a need for publications with 
explicit architectural content and improved delivery to facilitate better understanding of particular works. Although the 
current digital platform and its technologies do possess the potential to deliver architectural content, most 
publications are still carried out in the traditional printed media; whether this is a denial of the technological capital or 
merely a transitional phase of significant shifting in the dominant medium remains to be seen. The internet 
phenomenon of Wikipedia, for example, as a growing information source may be an indicator of the future of 
internet/digital dependency. More than Levinson (Levinson, 1999) and McLuhan’s (McLuhan, 1967) contention that 
the process of being consumed by a medium carries a significant impact upon our lives than the very content the 
medium relays, the substance and its delivery are ultimately inevitable catalysts to and factors that would sustain the 
shift of particular communication media dominance. The power will rely on the effective integration between the 
available media and content they carry. 
 
The quantitative evidence presented in this paper is well supported by our qualitative experience of reading and 
assessing the reports and essays of our own School’s architecture students and the observation of their work in 
computer equipped studios. But in order to benefit from the digital opportunities, architectural information delivery 
needs to consider modes of presentation specifically relevant to the discipline. This is elaborated in (Kwee et al, 
2006b). Closer links of media types in the digital platform can offer much more integrated and comprehensive 
information than that currently deployed in either print publications or current digital/internet sites. (Kwee et al, 2005). 
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ABSTRACT: It is clear that sustainability is gaining acceptance in various domains in the built 
environment. Even in architectural education, sustainability is becoming the ‘buzz-word’ nowadays. 
However, there is currently no clear evidence of definitive curricula framework accommodating 
sustainability in any Malaysian Schools of Architecture. This study was conducted to assess the level of 
the integration and implementation of sustainability issues in the curricula of education programs in 
schools of architecture. A total of 67 architectural educators from 9 Schools of Architecture were 
surveyed. Among issues surveyed were the level of awareness and training background on 
sustainability; and sustainability contents in studio projects and related courses. It was found that 
sustainability issues were mostly integrated during the upper years of architectural education, namely 
the third, fourth and fifth years. Among the barriers perceived in promoting sustainability were the 
existing curricula themselves, which are not readily accommodative to sustainability issues and the lack 
of understanding among fellow educators. The work concludes with some recommendations of future 
strategies of incorporating sustainability contents in Malaysian architectural education.  
 
Conference theme: Education of future architects 
Keywords: sustainability, architectural education, awareness, curriculum 

 
 
INTRODUCTION 
The importance of teaching sustainable design to architects is a forgone conclusion. Agenda 21, the United Nations 
Programme of Action from Rio de Janeiro, identifies environmental education as one of the catalysts for sustainable 
development (UN 1992). There is a growing recognition that sustainable development policies, plans and actions 
have more chance of implementation when they are supported by an educated, informed public (UNEP 1999). 
Environmental education provides recipients with an understanding of the key environmental issues facing the world 
today. It presents an outline of the issues, the scientific background and the role that humans have in both 
exacerbating and minimizing negative environmental impacts. It also introduces the concept of sustainable 
development.  
 
The need to introduce issues of sustainability into architectural curricula has become critically important. The year 
2005 marks the commencement of the United Nations Decade of Education for Sustainable Development, which is 
an opportunity as well as challenge for educators of all stripes to reorient their teaching, research, and community 
outreach towards sustainability. Since architects play a vital role in the creation of our built environment, then it is 
imperative that students, who are our future architects, be aware of how their attitudes, behaviour and actions will 
impact our future natural environment and the health of people. There can be no responsible design without a 
responsible designer (Findeli 2001), so design education should be redirected to the development of an ethical 
designer, one who could think and radically “design out design that delivers environmental problems” (Fry 1993). 
Indeed, design education for sustainability now can help usher a promising future by transforming the architects of 
tomorrow.  
 
So how has the Malaysian architectural education community responded to this challenge for responsible and 
sustainable solutions? Are academics adequately informed of strategies for environmentally oriented building 
development? Are students provided with opportunities for imagining solutions that foster sustainable behaviours of 
building design? Are environmental aspects considered along with traditional design criteria in assessing student 
works? These and other related questions are the focus of this paper. It further recommends some future strategies 
to improve the integration of sustainability in Malaysian architectural education. 
 
1. ARCHITECTURAL EDUCATION IN MALAYSIA 
The Board of Architects Malaysia (LAM) and the Malaysian Institute of Architects (PAM) are the two organizations 
that play varying roles in architectural education in Malaysia. The LAM is a statutory authority responsible in 
determining the standard for entry into the architectural profession and the accreditation of programme of study in 
architecture. For this purpose, the Council of Architectural Education Malaysia (CAEM) was formed under the 
auspices of LAM to regulate all matters relating to architectural education (LAM 2005). The PAM is an architectural 
organization representing architects in Malaysia with over 1600 corporate members. The PAM has a standing 
committee on education and takes an active role to coordinate, facilitate and advance the pursuit of excellence in 
architectural education in Malaysian institutions; and to educate the future architects (student/ graduate members of 
PAM) in preparing for professional practice and the building industry (PAM 2002). 
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The curricula for Malaysian schools of architecture are generally based on the British system with LAM Part I and 
Part II (equivalent to RIBA Part I and Part II respectively) qualification requirements. Upon graduating from a school 
of architecture that is accredited by LAM (4 schools in Malaysia, 15 in Australia, 1 in Hong Kong, 1 in Eire Dublin, 2 in 
New Zealand and 35 in the UK), graduates are exempted from having to sit for the LAM Part I and Part II 
Examinations and are eligible to enrol as an “Architect” with LAM. After gaining a minimum of 2 years of post-
graduate working experience under the supervision of a Professional Architect, graduates are eligible to sit for the 
LAM Part III Professional Practice Examination conducted by LAM. Upon passing the LAM Part III Examination, one 
can register as a Corporate Member with PAM and as a “Professional Architect” with LAM (LAM 2005). 
 
Among the aspects of architectural knowledge concerning sustainability indicated in LAM’s Policy and Procedure for 
Accreditation of Architectural Programmes that are recommended to be included in the programme of study are: 

Ability to create architectural designs that satisfy both aesthetics and technical requirements and which aim to be 
environmentally sustainable; and an adequate knowledge of the means of achieving environmentally sustainable 
designs (LAM 2005).  

It can be concluded that the regulators of architectural education recognizes the importance of sustainability. There 
remains the question of how to achieve integration of sustainability into the framework of the architectural curriculum. 
 
Despite the obvious need for more sustainable design education in schools, many architecture schools have not 
developed a clear idea on how to integrate these issues into the curriculum. Most programs tackled the problem 
piecemeal by offering targeted electives on energy efficiency, or by adding more information to an already 
overburdened studio pedagogy. At the same time many architectural studio tutors still emphasise building form and 
aesthetics over the more technically demanding and perhaps less exciting goal of designing a sustainable building. 
Many studio tutors continues to admire individual students who could impress others with their well-crafted, well-
proportioned personal expressions of architecture. Issues of environment and energy are sometimes considered to 
be nuisance that hold back the search for individual flair in architecture. Various design education survey and studies 
done elsewhere in the disciplines of architecture (Fowles, Corcoran et al. 2003; Wright 2003), engineering (Nguyen 
and Pudlowski 1999; Abdul-Wahab 2003), interior design (Metropolis. 2003; Elliot 2004; Ramirez 2006) and mixed 
design disciplines (Metropolis. 2002) have generally shown that sustainability issues are hardly penetrating into core 
design programmes.  
 
2. STUDY METHOD 
To shed further light on these issues in the context of Malaysian architecture education, a survey was conducted 
involving seven (7) public universities and two (2) private higher education institutions that offered undergraduate 
diploma and degrees programmes in architecture. A total of 135 questionnaires were distributed. Among the following 
institutions: 
 

i. Universiti Putra Malaysia (UPM) 
ii. Universiti Teknologi Malaysia (UTM) 
iii. Universiti Malaya (UM) 
iv. International Islamic University Malaysia (IIUM) 
v. Universiti Sains Malaysia (USM) 
vi. University Teknologi MARA (UiTM) 
vii. Universiti Kebangsaan Malaysia  (UKM) 
viii. Lim Kok Wing College University (LUCT) 
ix. Alif College Sdn Bhd (ALIF) 

 
The questionnaires were structured to establish the training background of educators with regards to sustainability, 
seek their views on sustainable design approach; ascertain their current teaching practice in green design; highlight 
obstacles in promoting sustainability in architectural education; and suggest initiatives that can be adopted to guide 
and support educators to enhance the delivery of sustainability in educating future Malaysian architects.  
 
As this study is an exploratory one, it typically relies more on qualitative research techniques, however this study also 
involves a brief survey that will include a level of quantitative information. Various statistical methods were used in 
analysing the data. Statistical analyses were done using SPSS Version 11.5 software. In some of the questions, 
respondents were required to rate the level of their commitment and emphasis on sustainable considerations and 
strategies in their teaching with a given statement on a 5-point Likert scale which were then converted into values 
from 1 to 5, i.e., point 3 on the scale (representing “medium”). There is also part of the questionnaire comprising 
open-ended questions, requesting respondents to place their comments.  
 
3. RESULTS AND ANALYSIS 
Of the 135 questionnaires sent, 67 academics (response rate of 50%) replied, and all 9 schools have been 
represented by at least 3 respondents. This rate is good, and provides a significant amount of data for the analysis. 
This was achieved due to follow-ups by several telephone calls and the fact that there was one coordinating 
representative from each institution, selected by the authors to handle the questionnaires. The majority of the 
respondents (67%) involved in teaching technology courses. From this result, it thus can be assumed that those who 
are teaching technology subjects are more environmentally sensitive and ecologically passionate subsequently are 
more likely to answer than those who are teaching non-technological courses. This study also recognizes that some 
respondents’ biasness could be present and these survey results could thus portray a more affirmative view than 
what is actually the case.   
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3.1. Characteristics of respondents 
In general, the respondents are of all ages (20 years through over 50 years); the majority (75%) are between 35 to 55 
years old. 41% of respondents have “masters” degree and were the most represented group for this survey. The 12 
respondents with “PhD” (24% of the total respondent) are the least represented group. Those with first-degree 
education make up the rest (at 35%). No “professors,” were involved as respondents whilst “associate professor” was 
the highest rank designation that responded to this survey. Furthermore, the majority of respondents (75%) have had 
an experience studying abroad (exclusively in developed countries i.e. US, UK, Australia and New Zealand); whereas 
another 26% have been studying locally or planning to study abroad in the near future. This background information 
indicates that respondents have diverse background of knowledge and experience.  
 
3.2. Training in sustainability 
This section investigates the concern of educators towards sustainability in general.  It was found that more than half 
of the respondents (54%) first became familiar with the term “sustainability” during the early part of their architectural 
education i.e. during ‘’undergraduate” studies, whilst 16% admitted to being aware during their ‘postgraduate’ studies. 
A lesser number (30%) were only aware of sustainability during their ‘’working life”. It was also found that there is a 
shift of pattern between two age groups of under 44 and above 45. For those under 44, the majority of them (73% for 
age range of 25-34; and 59% for age range of 35-44) became familiar during their undergraduate studies whilst those 
above 45, the awareness seems to come at a later stage of their training or career. Table 1 contains the breakdown 
of the above. This indicates that sustainability issues are relatively a recent phenomenon that has influenced the 
architectural training/education only during the last 20 years.  
 

Table 1: Relationship between participant’s age and 
their first became familiar with the term ‘sustainability’ 

First became familiar   
  Undergraduate postgraduate working life 

 
Total 

25-34 11 (73%) 0 (0%) 4 (27%)  15 (100%) 
35-44 16  (59%) 4 (15%)  7 (26%)  27 (100%) 
45-55 9 (39%) 7 (30%)  7 (31%)  23 (100%) 

Age 
  
  
  56+ 0 (0%) 0 (0%) 2 (100%)  2 (100%) 

 
3.3. Sources of information 
 In terms of their sources of information on sustainability, it was found that “media” was the most common source of 
information  cited by the respondents (32%). The fact that 25% of respondents  cited “personal research” as a source 
of information on sustainability indicates that they all have enough personal interest in this area to take some time to 
educate. Respondents specifically cited internet research and research for a PhD on the topic. A lesser number of 
them  relied on attending courses, training, seminars, workshops, symposia, conference or other modes of continuing 
education (refer to Table 2).  
 

Table 2: Percentage of respondent’s main sources  
of information on sustainability issues 

Source of information Frequency Percentage 
Personal research 41 25% 
Co-worker 21 13% 
Media/ article 53 32% 
Course/ training 27 17% 
Workshop 22 13% 
Total 164 100 

 
3.4. Level of concern 
Most respondents (58%) claimed that they are “highly” concerned about sustainability issues in their line of work. 
None of the respondents admitted that they do “not concern at all”, and only 8% admitted they have little concern on 
the subject matter (Table 3). Even though most were concerned with sustainability, the number of respondents who 
have the initiative to continue to educate themselves by attending training programs was small. 
 

Table 3: Percentage of respondent’s level of concern in sustainability issues 

  Frequency Percent Valid Percent Cumulative Percent 
Not at all 0 0 0 0 
Little 5 7.5 7.8 7.8 
Moderate 22 32.8 34.4 42.2 
Highly 37 55.2 57.8 100.0 

Valid 
  
  
  

Total 64 95.5 100.0  
Missing System 3 4.5   
Total 67 100.0   

 
3.5. Frequency of training 
Only 9 respondents (14%) had “frequently” attended education programs (i.e. courses, training, seminars, workshops, 
symposia, conference etc.) related to “sustainability”. The majority (42%) of respondents attend these programs 
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“occasionally”; whereas 11% of them actually never attended any programs related to ‘sustainability’. The remaining 
33% claimed that they ”rarely” attend these types of programmes (refer to Table 4). 
 
In analysing how this information relates to their effort to attend more programs to ‘sustainability’, it has been found 
that most respondents (59%) who are highly concerned make more effort to attend more programs related to 
‘sustainability’ (a mean of 3.00) than those who have little concern (mean of 1.60). Based on Post-Hoc ANOVA Tukey 
test, it has been found that only ‘little’ and ‘highly’ concern groups seem to have a significant difference in their effort 
in attending more programs (p-value of 0.000); whereas the difference in level of effort between those who have ‘little’ 
and ‘moderate’ level of concern is not significant (p-value of 0.227) (Table 5).  
 
In addition, the result shows that only 20% of those who are highly concerned in sustainability issues are with first 
“degrees“; whereas the majority of them (47%) are those with “masters“ degree, while the remaining 33% were those 
with “PhD“ qualification (refer to Table 6).. The Post-Hoc ANOVA Tukey test reveals that the mean difference 
between the groups is significant at the 0.05 level (p-value of 0.014).  
 

Table 4: Percentage of respondents’ regularity in attending education 
programs related to ‘sustainability’ 

Regularity in attending programs Frequency Percent Valid Percent Cumulative Percent 
Valid never 7 10.4 10.6 10.6 
  rarely 22 32.8 33.3 43.9 
  occasionally 28 41.8 42.4 86.4 
  frequently 9 13.4 13.6 100.0 
  Total 66 98.5 100.0  
Missing System 1 1.5   
Total 67 100.0   

 
Table 5: Mean scores of respondent’s effort in attending more education programs 
related to ‘sustainability’ in relation to their level of concern with sustainability issues 

Level of concern Mean N Std. Deviation 
little 1.60 5 .548 
moderate 2.19 21 .814 
highly 3.00 37 .667 
Total 2.62 63 .851 

 p-value of 0.000 at a significance level of 0.05 
 

Table 6: Relationship between respondent’s education level and 
their level of concern with sustainability issues 

Level of concern 
Education level Little Moderate Highly Total 

Degree 2 10 6 (20%) 18 
Masters 0 5 14 (47%) 19 

Education 
level 

PhD 1 1 10 (33%) 12 
Total 3 16 30 (100%) 49 

p-value of 0.014 at a significance level of 0.05 
 
3.6.  Sustainability in studio teaching 
In this part of the questionnaire, respondents were required to rate their level of commitment to integrate sustainable 
design strategies in their studio teaching on a 5-point Likert scale. While all seven strategies were marked by all 
respondents, some strategies are clearly more commonly practiced in design studios than others, and the different 
types of strategies are carried out to varying degrees of improvement. “Natural ventilation” strategy was by far the 
most prevalent of the sustainable measures respondents have incorporated into their design studio projects. 
Consecutively, “passive solar design eg. orientation, exploitation of daylight and shading” strategy was the second 
most commonly incorporated practice reported by respondents. “Preservation of natural elements on site (trees, 
slopes)” ranked as third most common strategy. “Waste recycling” came in last, as the least incorporated strategy 
type of the seven (Table 7). The authors had also provided an option for respondents to include “Other strategies”, 
but none of the respondents indicated any.  
 

Table 7: Mean scores of respondent’s integration of sustainable design strategies in design studio 
Sustainable design strategy N Minimum Maximum Mean Std. Deviation 
1. Preservation on site 58 1 5 3.91 .960 
2. Passive solar design 58 1 5 3.98 1.068 
3. Low energy design 58 1 5 3.66 1.163 
4. Natural ventilation 58 1 5 4.16 .875 
5. Low maintenance materials 58 1 5 3.48 1.112 
6. Waste recycling 58 1 5 3.03 1.242 
7. Community building 58 1 5 3.57 1.171 
8. Others 58 0 0 0 0 
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Integration of ‘sustainable’ design strategies in studio project briefs increase consistently as the students advance in 
their studies..  Similarly, the level of assessment of sustainable strategies in studio projects tends to be higher 
towards upper years. “Preservation of natural elements on site (trees, slopes)”; “Emphasis on Passive Solar Design 
eg. Orientation, exploitation of daylight and shading”; “Emphasis on Low Energy Design eg. energy-saving lighting, 
insulation and glazing type”; and “Exploitation of natural ventilation” are evidently more highlighted in Year 5 and 
“Emphasis on Community Building/issues” are both accentuated during Year 4 (refer to Table 8). 
 

Table 8: Mean scores of respondent’s sustainability integration in design studio in relation to studio year 

Studio 
year 

Project 
brief Assessmt 

Preservn 
on site 

Passive 
solar 

design 

Low 
energy 
design 

Natural 
ventilation 

Low 
maintenance 

materials 
Waste 

recycling
Comnty. 
building 

Y1 2.90 2.70 3.80 4.00 3.00 4.20 3.40 2.90 3.90 
Y2 3.69 3.23 3.69 3.85 3.38 4.08 3.23 2.77 3.08 
Y3 3.71 3.64 4.14 3.86 3.93 4.07 3.64 3.14 3.71 
Y4 3.86 3.57 3.71 4.00 3.71 4.00 3.43 3.29 4.14 
Y5 4.00 4.14 4.43 4.71 4.43 4.43 3.57 3.14 3.71 
Total 3.61 3.41 3.94 4.02 3.65 4.14 3.45 3.02 3.65 

 
Reliability test was conducted on all of the items listed in Table 9 and the reliability value produced is high (alpha 
value of 0.91). Subsequently, a single index of sustainability focus in each studio year was generated. The result is 
shown in Table 9. Generally, the pattern of sustainability integration in design studios teaching is clearly improved in 
upper years. It also shows that sustainability has been introduced since Year 1 but the level of integration is 
considered very low. 
 

Table 9: Mean scores of sustainability integration in design studio teaching 
Design Studio Year N Minimum Maximum Mean Std. Deviation 
Year 1 39 1 5 2.72 .972 
Year 2 41 1 5 3.24 .916 
Year 3 40 2 5 3.73 .877 
Year 4 26 3 5 4.12 .766 
Year 5 24 3 5 4.37 .711 

Alpha=0.91 (higher than 0.6, thus the item reliability value is high) 
 
3.7. Sustainability in non-studio teaching 
 “Technology Courses” were rated as the most integrated with sustainability (mean of 4.02) compared to “History and 
Theory Courses” and “Practical and Management Courses” with their means of 3.47 and 3.27 respectively (refer to 
Table 10). This indicates that the teaching of sustainability in building technology design and detailing choices 
becomes one of the standard criteria for architectural design. Building science and technology issues concerning 
quality and durability are a natural starting point for a discussion on sustainability and the impact that technological 
choice and proficiency has in extending the life of the natural resources consumed by architecture.  
 

Table 10: Mean scores of sustainability integration in non-studio teaching 
Courses N Minimum Maximum Mean Std. Deviation 
History & Theory Courses 36 1 5 3.47 1.028 
Technology Courses 45 3 5 4.02 .812 
Practice & Mgmt Courses 37 1 5 3.27 .990 

 
3.8. Perceived barrier and suggestions 
The questionnaire concluded with open-ended comment section where respondents were given the opportunity to 
share their comments concerning their perceptions on barriers in promoting ‘sustainability’ in architectural education 
and suggestions to promote ‘sustainability’ in Malaysian architectural education. There are altogether 109 barriers in 
promoting ‘sustainability’ in architectural education identified by all of the respondents and these are then categorized 
into 8 different categories (Table 11).  
 

Table 11: Ranking of 8 categories of respondent’s perceived barriers in promoting 
‘sustainability’ in architectural education 

Category of barriers Frequency Percent Valid Percent Cumulative Percent 
1. Educators Factors 49 45.0 45.0 45.0 
2. Resource Factors 16 14.7 14.7 59.6 
3. Government Factors 11 10.1 10.1 69.7 
4. Student Factors 8 7.3 7.3 77.1 
5. Public Factors 8 7.3 7.3 84.4 
6. Subject Factors 7 6.4 6.4 90.8 
7. Curriculum Factors 6 5.5 5.5 96.3 
8. Monetary Factors 4 3.7 3.7 100.0 
Total 109 100.0 100.0  
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The most cited barriers fall under the category of ‘educators factors’ which represents 45% of the list. Among the 
mostly specified barriers under this category are lack of exposure or knowledge; lack of training/education in 
sustainable design/construction; lack of awareness; ignorance and negative attitude towards sustainability; and lack 
of interest and enthusiasm. Practical skills at the right levels, lack of time, and restrictive structures and cultural gaps 
in institutions were all cited as barriers. It was felt that they resulted in a poor dialogue and co-ordinations, leading to 
a lack of commitment from everyone in developing a sustainable agenda. In studies elsewhere, lack of academic staff 
training, as well as lack of time for education, have frequently been acknowledged as the most common obstacles 
against integrating sustainability themes into design education (Yang and Giard 2001; Metropolis. 2002).  
 
The second most cited category of barriers falls under ‘Resource Factors’ which represents 15% of the list. Among 
the barriers identified by the respondents are lack of sustainable building literature in local libraries and lack of 
successful sustainable building examples in Malaysia.  
 
Thirdly, the respondents list the barriers related to ‘Government Factors’ as an impediment to the adoption of 
‘sustainability’ in architectural education. Some respondents feel that lack of act and enforcement by the government 
regarding any issues of sustainability as well as lack of agencies promoting the issues are among the barriers to 
promote sustainability in architectural education.  
 
“Student factors” which mostly related to attitude was referred to as a barrier, linked mainly to lack of interest and 
understanding on the issues of sustainability. On the part of industry, the drive to achieve value for money and 
competitive procurement (through large and remote contracts) were all perceived as barriers in achieving 
sustainability. Under the category of “Subject Factors”, a related problem was the perceived breadth and complexity 
of sustainability issues, which were seen as inhibiting progress. Taking a wide view of related comments, there is a 
possible inertia due to trying to make sense of the ‘abstract’ and then moving to ‘do-able’ projects.  Some 
respondents even considered that sustainability is merely ‘fashionable’. Others regarded sustainable development as 
‘specialist’, ‘multi-layered’ and ‘complex’, requiring expert knowledge to make good decisions. 
 
One of the toughest barriers seemed to be under the category of ”Curriculum factors”, often described as being 
crowded already with little scope for additional content. Some respondents referred to courses in which, due to their 
content and purpose, it would be difficult to embed sustainabiltiy into their teaching. This issue is complex but there 
seems to be evidence that some academics are already incorporating sustainability in the teaching of a wide range of 
subjects, as well as instituition-wide developments in this area.  
 
The result of this study supports (Shafii and Othman 2005) argument that the major barriers holding back the 
development of building and construction of sustainable buildings in Southeast Asia are the lack of awareness of 
sustainability issues in related professions; a lack of research and professional networks; a lack of political motivation 
and incentive; and a lack of well documented references, tools, techniques, case studies and demonstration projects 
which are relevant to local conditions, of which have been mentioned by the survey respondents.  
 
In response to respondent’s opinion on how to promote ‘sustainability’ in Malaysian architectural education, 60 
suggestions were obtained and these are then categorized into 6 categories (Table 12). Overwhelmingly, 27 out of 60 
respondents (45%) suggested that existing curriculum in their schools should be reviewed and revised in order to 
promote ‘sustainability’ in architectural education. The respondents recommended to fully integrate the subject into all 
course works and to state it in the curriculum. Nearly half of the suggestions that fall under this category is about 
incorporating sustainability as early stage as possible in architectural program. The respondents also suggested more 
‘continuous educational programs’ i.e. seminar, conference, training, courses and etc. to increase awareness among 
students and academics on issues of sustainability. 
 

Table 12: Suggestions to promote ‘sustainability’ in Malaysian architectural education 
 Category of suggestions Frequency Percent Valid Percent Cumulative Percent 
1. Curriculum review 27 45.0 45.0 45.0 
2. Educational programs 13 21.7 21.7 66.7 
3. Research requirements 8 13.3 13.3 80.0 
4. Public & private support reqs. 6 10.0 10.0 90.0 
5. Regulatory requirements 4 6.7 6.7 96.7 
6. Publicity requirements 2 3.3 3.3 100.0 
Total 60 100.0 100.0  

 
Institutional links with local authorities, especially relating to planning and economic development, can differ between 
regions. These links are considered to cause problems in some areas due to tensions between sustainability and 
other regional agendas but in other instances can exert a positive impact. Respondents suggested that a more 
outward looking and participative role for institutions in local and regional development would help the sustainability 
agenda. Community research into the impacts of institutions on sustainability, with pilot funding to get community 
involved, was also mentioned as an enabler. 
 
4. SUMMARY AND CONCLUSION 
This paper investigates the level of integration of sustainability in two aspects of architectural education, first in the 
background of educators themselves; and second, the integration in their teaching. Analysing the age group of 
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respondents, the study suggests that the awareness or familiarity with sustainable issues comes earlier to the 
younger group.  This indicates that sustainability is a recent concern in architectural education in Malaysia.  
 
Attending programmes i.e. courses, training, seminars, workshops, symposia, conference or other modes of 
continuing education, is still not a popular means to increase respondents’ knowledge on sustainability. This might be 
due to the high registration fees of these programmes, as well as ‘pay-first-claim-later policy’ of public institutions to 
which these young respondents are attached. Another possible explanation could be that there is a lack of such 
programs in relation to sustainability being held in Malaysia as had been suggested by a few respondents. 
 
The study also discovers that those who make more effort to attend education programmes related to sustainability 
are those who are highly concerned with sustainability issues compared to those who have little concern. However, 
there is no evidence that those who had been trained abroad are more concerned in sustainability issues than those 
who have not had any experience abroad. A further analysis was conducted to search for the relationship between 
their levels of concern with their level of education. The result shows that the ‘highly concern’ group is predominantly 
those with masters degree and/or PhD. Furthermore, among the most cited barriers in promoting sustainability in 
architectural education perceived by the educators themselves fall under the category of ‘Educators Factors’ eg. lack 
of sustainability exposure or knowledge and lack of sustainable education programs attended. Therefore, there is a 
need to increase the level of sustainability awareness among educators with first-degree qualifications. 
 
The paper has demonstrated that aspects of sustainable design are currently being integrated in most Malaysian 
architecture design degree programmes, albeit to a varying extent. The strategies of “Exploitation of natural 
ventilation”,  “Emphasis on passive solar design eg. orientation, exploitation of daylight and shading” and 
“Preservation of natural elements on site (trees, slopes)” are clearly more commonly practiced in design studios than 
others, and these strategies are carried out to varying degrees of implementation. This seems to be in agreement 
with (Rosenman and Bilello 2002) who argued that sustainability must be placed in the core of the design studio and 
the nature of the studio and sustainable design is one of connection. Integration of ‘sustainable’ design strategies in 
student project briefs and the level of their assessment increase consistently as the year goes higher. In analyzing 
non-studio courses, the study found that ”Technology courses” are more embedded with sustainability issues 
compared to ”History and Theory courses” and ”Practice and Management courses”. This could be due to the 
objectivity of technological and environmental subjects which lend itself more readily for course work assessment.  
 
Sustainable design strategies seem to be incorporated in all studio years, however it is more evident in Year 5 and 
postgraduate studies. Sustainability has been introduced since Year 1 but the level of integration is relatively low. A 
significant number of respondents seem to disagree with the situation and suggested for sustainability teaching 
emphasized during the foundation years. This suggestion seems to be in agreement with Fowles, Corcoran et al. 
(2003); and Wright (2003), who argued for sustainability awareness to be inculcated as early as first year. They also 
highlighted the importance of introducing sustainability in architectural program and fully integrate the subject into all 
course works, including design studio and explicitly stated in the curriculum. Nevertheless, it has been found that 
Malaysian educators tend to integrate sustainability into their teaching out of their own initiative without having it 
clearly spelled out in the curriculum. Therefore, a strategy to increase the level of sustainability awareness among 
lower year students in Malaysia and a curriculum that clearly states the integration of sustainability should be 
formulated. The complete curriculum should be reviewed and revised to fully embrace the construct of sustainable 
design in a language that is both clear and concise. The advantage of this approach is that it ensures the integration 
of the subject into all course works, including the design studios. This approach reinforces sustainable design in the 
program by the commitment of the entire school.  
 
5. RECOMMENDATION 
The organizations supporting and guiding architecture education in Malaysia are collectively moving toward a much 
greater integration of sustainability in its pedagogy and practice. The integration of sustainability into architectural 
education programs in Malaysia should be a wilful act carried out at all levels of the program by the entire education 
system. The education industry should be responsive towards the need to incorporate sustainability in architectural 
education. Based on the issues raised in the previous section, a set of recommendations can be proposed to assist in 
the process of integrating sustainability into Malaysian architectural programmes: 

• The government and universities should organise more environmental and sustainability literacy training 
programs to increase the ecological awareness among younger generation of architectural educators; 

• The sustainability content in undergraduate programme should be improved to ensure that it is taking place 
as early as first year and integrated in all levels of course work.  

• Non-technological courses should be integrated with more sustainability content such as the philosophical, 
economic, ecologic, cultural and social issues of sustainability. 

• Research that addresses the issues of sustainability should be given more emphasis by the universities for 
the purpose of post-graduate studies and by the government bodies for the purpose of research grants.  

Sustainable building design has the potential to become a standard practice if education industry continues to find 
ways to incorporate some of the recommendations outlined in this paper that address the issues raised.  
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ABSTRACT: Architecture education is a relatively new undertaking in Uganda.  Despite this 
opportunity to develop an updated curriculum and pedagogy, an old paradigm continues to persist; 
isolating the teaching of architectural technology from ‘main stream’ design studios.  The consequential 
inability by graduates to link architectural design and architectural technology in design is evident 
throughout Uganda, often with disastrous outcomes. 
 
This paper discusses the implementation of integrated design studios in the architecture programme at 
the Uganda Martyrs University.  Using a Project-Based Learning approach, these studios sought to 
introduce architecture technology as an integral part of the design studio, enabling students to build a 
holistic view of their designs.  Two studios are the focus of this paper, Architecture Studio I, the first 
studio in the Bachelor of Architecture graduate programme which had a fully integrated studio, and 
Design Studio III, a second year studio in the undergraduate Bachelor of Science in Building Design 
and Technology. 
 
The outcomes of the studios suggest students are better able to understand and apply technology in 
their projects and derive meaningful design outcomes if they are presented with the information as 
related to the design project, rather than as secondary information are given in support courses. 
 
Students will come to care about the constructed world only if academic staff can show them why this is worthwhile.  
Simply telling students to think about and experience the built realm differently (or to have them arrive at this 
through abstract design exercises) will have little long-term effect – as the contemporary constructed environment 
all too often confirms. (Coleman, 2003:353) 
 
Conference theme: Education of future architects  
Keywords: technology, architecture technology, environment, design studio, architecture education 
 
 

INTRODUCTION 
It is widely acknowledged that technology - in this context defined as subjects relating to Building Structures, 
Environmental Design (e.g. acoustic, lighting, thermal environment) and Building Services (Tiong, 1999) - is an 
essential component of architecture and should be taught as part of the architectural curriculum.  Unfortunately, for 
many architecture schools, “ … building technology has come to be viewed as scientific and quantifiable, …  Existing 
outside of the design studio in lecture course formats, building technology courses are considered, by students and 
design faculty alike, to be of secondary importance and are likened to chores.” (Kratzer, 1997:34)  Architecture 
technology is often regarded as not being fundamentally important to ‘design’, separated from architectural aesthetics 
and theory, entrenching in students - and eventually instilled in professionals – the idea that technology is not 
essential to architecture. (Allen 1997, Watson 1997, Tiong, 1999)  This perceived irrelevance is reinforced by the 
‘division of labour’ in the construction industry, where specialists handle different aspects of design and construction; 
a reality not lost on students, who take this separation as a reason not to take technology seriously. 
 
Although technology forms a significant component of architecture programmes, it is often taught in separate support 
courses, unrelated to the design studio the main focus of architectural education.  This paper contends that students 
will have a better understanding and appreciation of technology and its application in design if it is presented as being 
integral to the design studio, rather than as stand alone support courses.  It presents the outcomes of two design 
studio in the Faculty of Building Technology and Architecture at the Uganda Martyrs University that were the basis for 
assessing the usefulness of integrative studios and Problem-Based Learning in the Ugandan context.  This 
investigation was prompted in part by a continued lack of application of technology, not only in studio courses, but 
also more alarmingly in practice, often with disastrous effects.  The paper also identifies a number of challenges 
faced in the development of an integrative approach to architecture education in Uganda, as part of the process of 
implementing the integrative studios. 
 
1. BACKGROUND 
 
1.1 Architecture education in Uganda 
Prior to the 1990s, architects working in Uganda had been trained primarily at the University of Nairobi in Kenya.  The 
architecture programme at the University of Nairobi was the first in East Africa and started in 1956, in what was then 
the Royal Technical College of Nairobi.  The programme was originally geared towards educating members of the 
expatriate community offering instruction for the professional examinations of the Royal Institute of British Architects 
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(RIBA) set by the local allied society, the East African Institute of Architects (EAIA). (Marshall, 1963)  It was not until 
1989 with the establishment of the Bachelor of Architecture programme in the Faculty of Technology at Makerere 
University, that architecture education was established in Uganda.  This had been promoted by a shortage of 
qualified architects, as well as a marked deterioration of the built environment in the country; a consequence of the 
lack of qualified professionals in the legislative and implementation process, among many issues.  The development 
of the programme at Makerere University was however hampered by a lack of resources (accommodation, books, 
equipment, staff etc).  The start of the programme itself had to be delayed by three years due to a lack of staff and 
adequate accommodation. (Mulumba, 1988) 
 
1.2 Teaching and Learning 
Lack of resources has greatly affected the delivery of education in Uganda.  Lack of facilities and a shortage of staff 
often results in class sizes of 150 pupils at primary school level, while at university extremely large lecture classes 
are the norm, but these are not supported with tutorials or seminar sessions.  As such, students have over the years 
come to rely almost exclusively on instructors for all information pertaining to their courses, with rote learning and 
regurgitation becoming an entrenched part of the educational experience.  Increasingly students are coming to 
university expecting to be ‘spoon fed’ all the required information to make them experts in their fields. (Olweny and 
Nshemereirwe, 2006)  For architecture in particular, this is worrying given students more often than not, come to 
architecture school with very little idea of what architecture is.  Students therefore expect to be given a safe and 
reliable formulae for (re)producing architecture and therefore will take away whatever picture of architecture they are 
given – true or not.  Any advice given in this context can potentially be viewed as a prescriptive solution, or answers 
perceived as the only correct answer. (Danby, 1969; Olweny and Nshemereirwe, 2006) 
 
In general, architecture education in East Africa separates the teaching of ‘design’ from the teaching of ‘technology’.  
Studio projects in this approach, invariably assume beautiful, full of character sites that are flat and have no 
constraints. (Morrow, 2000)  Little if any attempt is made to relate design projects to specific issues of technology.  
This approach to architecture is ineffective, with the consequences evident throughout the country with sites being 
made to suite the building, rather than the other way round. 
 
1.3 The Architecture Programme at the Uganda Martyrs University 
The Architecture programme at the Uganda Martyrs University was set up in 2000 with financial assistance from the 
Belgium government and technical assistance from the Department of Architecture, Universiteit Gent in Belgium.  
Situated in a newly established Faculty of Building Technology and Architecture, the programme was conceived as a 
split 3+2 programme – the first in East Africa.  It incorporates a three-year first degree, the Bachelor of Science in 
Building Design and Technology (BSc BDT), and a two-year graduate entry Bachelor of Architecture (BArch) degree.  
Unique to the BSc (BDT) programme is the fact that it combines architecture and engineering disciplines, an 
approach used in a number of European architecture schools including the Universiteit Gent and the University of 
Dortmund in Germany.  This approach was viewed as appropriate for Uganda, given the poor state of the building 
industry in the country, particularly in relation to the understanding and application of technology. 
 
It was envisioned that the new Faculty would be able to approach the design of the programme, curriculum and 
pedagogy, based on an understanding of global trends in relation to the local context.  Initially, only the curriculum for 
the BSc BDT was developed, as the need for mid level technologists was regarded as a high priority.  Billed as a 
programme to fill the gap between the Building Design professionals (Architects and Civil Engineers) and the 
Construction workers, the development of the BSc BDT curriculum was of crucial importance, particularly as this 
programme was also to serve as the background to the two-year Bachelor of Architecture programme. 
 
The BSc (BDT) programme that was implemented, was more an amalgam of different components - from 
Engineering and Architecture - than a programme leading to a definite outcome.  The programme was made up of a 
number of related components required for a built environment programme, but no real attempt had been made to 
make curriculum linkages across courses.  This was despite two stated objectives of the programme being: i) to give 
students an understanding of the principles of architecture and building technology, and; ii) to design with respect for 
the human person and the environment. (Faculty of Building Technology and Architecture, 2000)  Studio courses 
were separate almost secretive entities, and it was not clear how the support courses fed into them.  The numerous 
courses in the BSc BDT also gave the impression that there was an effort to address the components of the 
programme through the names of courses, rather than through content. 
 
 

Table 1: Number of Courses for each Year Level 
 

 Uganda 
Martyrs Univ. 

Makerere 
Univ. 

Nairobi Univ. Univ. of 
Adelaide 

Year I 19 11 12 8 
Year II 18 13 12 6 
Year III 14 13 13 4 
Year IV 6 12 6 4 
Year V 5 5 8 3 
Year VI   2  
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A review of the initial BSc (BDT) programme was carried out in 2003, initiated partly in response to poor 
performances by students in the application of technology and aesthetic in design studios.  It was found that although 
the programme was a prerequisite course for a two-year architecture programme, there was little evidence of any 
effort to deal with this aspect.  One explanation for this was the fact that the Engineering profession had a strong 
presence on the curriculum committee.  A key issue raised as part of the review was a lack of integration between 
key components of the programme – Aesthetics, Theory and Technology.  Further, as all courses, apart from the 
studio itself, were taught largely as lecture based courses, with limited practical sessions.  Students did not get the 
opportunity to make connections between courses, and in some cases – and rightly so – questioned the relevance of 
some courses, as it was not clear how they related to the overall aims of the programme.  The review panel sought to 
assess the curriculum, course content and pedagogy in an attempt to improve student-learning outcomes.  The 
review also aimed to develop a more ‘integrative approach’ to design with ‘Problem-Based Learning’ introduced as a 
means of encouraging students to BEGIN thinking of architectural design as being more than just the cosmetic 
applications of finishes, but as an integrated process of solving built environment problems. 
 
It was determined that a revised approach was required to bridge the learning gaps evident in students.  This was to 
be implemented first in the Bachelor of Architecture programme, as the curriculum was in the process of being 
formulated at the time.  The Bachelor of Architecture programme would be based on Problem-Based Learning 
pedagogy.  The aim, being to change the existing approach to architectural education in Uganda, in a bid to facilitate 
deep learning.  The Bachelor of Science in Building Design and Technology on the other hand would have a major 
curriculum revision in 2006/2007, and as such it was determined that only minor changes would be made to the 
programme, but studio projects would be made more integrative to enable a smoother transition into the new 
structure.  This is based on a view that the current architecture pedagogy is an impediment to the understanding of 
technology by students, and the continued separation of technology from the design studio results in an inability of 
students to solve real problems of the built environment. 
 
2. STUDY METHOD 
The study was carried out primarily as an observational study during the 2005/2006 academic year.  Two studio 
projects, ARC-401 Architecture Studio I, a studio course in the first year of the BArch programme, and BDT-201 
Design Studio III, a studio course in the second year of the BSc BDT programme, were the subject of the study.  Both 
studios set out to challenge students to be critical and creative in deriving solutions for real world problems.  
Feedback was sought from students approximately midway through the studio project, and then again at the end of 
the project as part of the Student Evaluation of Teaching and Learning questionnaires.  In addition feed back from 
instructors – who had taught the associated subjects in the previous academic year - was sought.   
 
2.1 Case Study I: ARC-401 Architecture Studio I 
Undertaken over a seven-week period, Architecture Studio I is the first studio undertaken in the Bachelor of 
Architecture programme.  In this intense studio, students explore domestic architecture in Uganda, using 
environmental design and cultural factors as a basis for the investigation.  The design studio sought to get students to 
seek contemporary solutions to an apparently familiar condition, taking something familiar – a dwelling - and looking 
at it in a different light to understand how it is used (or not used) as well as how technology could be used to inform 
and in some cases inspire design. 
 
The site selected for the project was located within the grounds of the Uganda Martyrs University, surrounded by 
existing residential buildings to the south and east, a student computer room to the west, and exposed to a recreation 
space to the north.  The site had a slope of 1:10, and was protected from the prevailing winds (from the south-east) 
but this location did expose it to the evening sun, as well as noise from the recreation grounds mainly in the evenings, 
i.e. a real site, with real opportunities and constraints. 
 
Four instructors were engaged in the studio (three architects with various expertise) and a Structural Engineer.  
Students were required to design a set of 2-3 bedroom-housing units to suite the family of a university lecturer.  
Instruction was given primarily through seminars and over the drawing board sessions, with the occasional lecture.  A 
set procedure had been established early in the programme, with formal instruction at key points in the process.  
Formal sessions were however, modified and changed regularly based on student requirements and stages of 
progress.  This format was selected to minimise the possibility of direct advice being given, and to get students to 
seek information through research and discussion, as well as through a critical assessment of their own work, and 
the work of their peers in an ‘exploratory mode’ as described by Watson (1997). 
 
The outcomes of the studio revealed a significant increase in student understanding and application of technology in 
design over studios the same group of students had undertaken earlier, and indeed to a much greater depth than a 
studio undertaken in the 2005/2006 academic year by a different Course Co-ordinator.  In one example, the proposal 
was built around a central private outdoor living space reminiscent of the central space of the traditional kraal the 
heart of the house – the gathering space.  The outdoor space was a key component in the design strategy, and could 
be used as an extension of the living area, but more importantly could be accessed via a passageway that 
surrounded it like a cloister off of which the living spaces of the house were located.  The space was protected from 
the hot evening sun, as well as the noise from the sports field.  It also served as a key component of the natural 
ventilation strategy, the emphasis on single banked rooms, enabling easy cross ventilation through all spaces.  The 
layout also allowed for a simple roof structure to be adopted a simple structure, creating attractive indoor spaces 
(Figure 1). 
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Source: (ARC-401 Architecture Studio I, 2005) 

Figure 1: Student project exploring space. 
 
In a second example, technology was again a key factor in the final design proposal.  The student not only looked at 
the issue of heat gains from the outside, but also potential internal heat gains as well.  Internal heat gains are a 
particular problem in housing in Uganda, due to the lifestyle of the occupants who often cook late into the night.  
While in traditional housing cooking was carried out in a separate building or outdoors, in modern dwellings the 
kitchen is part of the main house, making this an important issue.  It was rationalised by the student that the kitchen 
was the heart of the home, and therefore family functions should radiate from there.  A solution for the heat 
generated in the kitchen was to keep the heat above the heads of the occupants.  This was achieved by the use of a 
double height space that could be vented at the higher level.  Glazing to the south also aided in lighting of the space.  
Part of this double height space was used as a study area and incorporated a balcony to make use of the extra space 
created at that level (Figure 2). 
 

 
Source: (ARC-401 Architecture Studio I, 2005) 

Figure 2: Student project exploring materiality and thermal issues. 
 
Certainly had the ‘traditional’ approach to the design studio been followed, in which students apply architecture 
science as an afterthought, such solutions would not have developed.  Feedback gathered at the conclusion of the 
project indicates an overall satisfaction with the course.  The course was described by one student as “ … 
Architecture in detail!”  Students also commented that the process had enabled them to realise that “ … design[ing] is 
a continuous process in which one has to work referring to his previous concept developing sketches (work back and 
forth),” further, it was stated that  “ … a good design is more than the house only. It’s more of what the occupants feel 
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… that which surrounds the house … it spreads as far as the type of environment around the house … .”  It is 
certainly evident in these statements that the integrative studio was a key factor in enabling a better understanding of 

e application of technology in architectural design. 

udio Instructors as well as 
e Instructors from the support courses who were engaged as roving tutors in the studio. 

sic guidelines.  This was to try and initiate a 
ey component of Problem-Based Learning – self responsible learning. 

, but a 
latively flat piece of land was selected given that this was the first building design project for these students. 

 

th
 
2.2 Case Study II: BDT-201 Design Studio III 
Unlike ARC-401 which was presented as a fully integrative studio, BDT-201 Design Studio III was presented as a 
separate course unit, with separate support courses.  It was decided that the studio would be arranged such that 
students would have to demonstrate what they had learnt in the support courses as part of the studio project.  This 
was indicated explicitly in the course handout, and mentioned at various stages by the St
th
 
This particular studio, the first in which students in the BSc BDT programme to design a complete building.  It was 
therefore thought appropriate to present the studio as a fun interactive studio in which the students themselves 
determined the outcome, rather than working towards predefined goals.  In this scenario, the students were 
responsible for developing the design brief – having been given some ba
k
 
As with ARC-401, the site selected for this project would certainly not be regarded as ‘ideal’ for design in the tropics; 
however, this was deliberate to demonstrate to students that not all sites offered optimum conditions, and that the 
most has to be made of the conditions presented.  Ideally the selected site should have been on a slope
re

  
Source: (BDT-201 Design Studio III, 2006) 

Figure 3 and 4: Student projects exploring thermal issues and materiality. 

 
 

  
Source: (BDT-201 Design Studio III, 2006) 

Figure 5 and 6: Student projects exploring ventilation and shading. 
 
The example projects indicated in Figures 3 – 6 explore various aspects of technology as required in the project.  
Although outcomes of this studio did indicate students did pay attention to the application of technology to their 
designs, more than was the case in previous studios at this level, there was still a general lack of connection between 
the ‘design’ and technology.  Figure 3 for instance did not fully explore how the different materials are joined together, 
or whether the roof structure actually works - rafters and purlins are the same size, while in Figure 5, there is a lack of 
appreciation of the principles of wind movement.  An exploration of materiality Figure 3 and 4 is not followed through 
to see how materials work together.  Nevertheless, the fact that different materials are being explored is a big step as 
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it acknowledges that there is thought going into the way a building is finished, something that is not often done.  The 
exploration of shading using models (Figure 6) proved to be an important step; however, this was not fully utilised by 
students, who see models more as a showcase of the final design, as opposed to a tool for exploring design issues.   

 in design, an indication of the problems associated with the prevailing 
pproach to architecture education in Uganda. 

requirements, 
nd then proceeded to apply the technological issues onto the plan, with less than satisfactory results. 

-Based Learning environment a challenge, markedly different from the lecture based 
ystem that they were used to. 

on it to get clarification, even though in some cases it is contrary to 
hat was given in the architecture programme. 

information rehashed from old 
cture notes, and delivered in a mode that does not encourage debate or application. 

 BSc BDT programme has more than 10 
dividual courses each semester is a consequence of this way of thinking. 

ing 
e process rather than only the aesthetic and theoretical dimension. (Boyer and Mitgang, 1997 in Watson, 1997) 

 

 
The lack of detail in the exploration of technology was anticipated, given the set up of the studio programme as being 
separate from the support courses.  Much of the background work they had undertaken in the support courses and 
as preliminary work for the studio including research on materiality, ergonomics and colour had been ignored. It 
became apparent that students perceived these as theoretical exercises, and as these components had been 
submitted, they were no longer relevant.  Consequently, technical submissions were rather generic, and did not show 
an appreciation of the application of technology
a
 
3. DISCUSSION 
An integrative approach to architecture education would appear to be an appropriate way of incorporating technology 
into architectural education, particularly in the context of Uganda.  However, more has to be done in order to fully 
implement this teaching pedagogy into the architecture programme at the Uganda Martyrs University.  Using an 
intergrative approach, it is evident that student understanding and application of technology is better than it was when 
the technology was taught in stand-alone courses.  Students were also better able to see the effect of decisions they 
made could have on various aspects of architecture.  This was important in helping students become more reflective 
in their approaches to design, in that they were able to see and assess the consequences of their actions during the 
design process.  It was also found that students were also more open to seek assistance from the instructors, and 
their peers rather than trying to complete tasks on their own.  The fact that they were not all working on similar 
problems meant that there was no competition, and they could benefit from working to solve problems together.  
There were of course exceptions, with some students looking at the problem using the established approach, as a 
space planning exercise.  In these cases, students produced a plan that on paper fulfilled all the space 
a
 
3.1 Challenges 
A number of key issues were revealed, shedding light on not only the learning of students, but also teaching 
methodology.  Introducing PBL has proved more challenging that was first thought, largely a consequence of the fact 
that rote learning and regurgitation is deeply ingrained in the education system in Uganda.  Students in general are 
not able to engage in courses at a deeper level, and are not encouraged to do so by instructors.  This was seen with 
the students in the ARC-401 Studio, who found the lack of straight forward answers, and a strong emphasis on self 
directed learning in the Problem
s
 
The poor state of architecture in Uganda further adds to the problem.  Ironically, work placement modules in the 
programme serve to perpetuate this problem.  Students are required to undertake two of their placements on 
construction sites, and after the completion of the BSc. BDT with a registered architect.  Students typically do not 
question what is being done, reinforced by cultural norms under which decisions by senior members of society are 
never questioned – thus the ‘teacher is always right’ phenomenon.  Students therefore take what they see in offices 
and on site as correct, and do not try to questi
w
 
The lack of staff is a major ongoing concern for the teaching of architecture generally, but architecture technology 
specifically and further hampered by what is described by Howieson (2002) as an ‘artificial schism’ between art and 
technology of architecture.  In addition, not only is there a lack of qualified staff, available staff have a “laissez-faire” 
approach to education, with most educators coming to teach not for the career, but as a means of making extra 
money and as such are only part time!  Further, it is evident that the philosophy of Problem-Based Learning is not 
understood by most of the faculty, exaggerated by the fact that many educators in architecture schools enter teaching 
without mentors, educational training or any clear direction of how to function as educators.  Consequently it is the 
case that notions gleaned from own educational experiences without having evaluated their validity are passed along 
to students.  (Glasser, 2000: Chhem, 2000)  What is often brought to the classroom is 
le
 
Changing the architecture programme at the Uganda Martyrs University, will indeed be a significant step towards 
addressing students’ learning deficiencies in architecture schools.  However, the Uganda Martyrs University faces an 
uphill battle in this task, particularly from the Uganda Society of Architects (USA).  A preliminary review of the 
programme revealed questions related not to the content, but to the names of courses – ‘Why is there no course 
called Sociology’, ‘Why is there no design Portfolio Class?’  The fact that the
in
 
The perception most students and indeed some instructors is that architecture education is ‘studying about’ rather 
than ‘participating in’ the profession.  Architecture itself is viewed as the beautification of a building – the adding of 
colour and decoration!  The traditional approach to university education in Uganda, with the lecture being the main 
mode of instruction, continues to reinforce this perception and does not encourage students to take responsibility for 
their actions.  In this regard, the term ‘design’ itself has to be re-evaluated and taken in its broader context of be
th

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 252 



CONCLUSION 
A principal objective of architectural education is to educate architects capable of creating meaningful environments. 
(Salama, 2002)  An approach to architecture education in which there is a separation of the main components of 
design clearly is not a practical approach, particularly in the case of Uganda, where students take most things at face 
value.  Students need to be shown how architecture technology is applicable in the real world, not using abstract 
examples.  It is only, “ … when the building of architecture is approached as an organization system that 
encompasses aesthetics, formal, and practical application, there is the possibility of transcending the common 
understanding of building technologies and materials acquired by rote mechanics of lecture and evaluated 
regurgitation.” (Kucker, 1997:117)  Through a revised approach to architecture education, the Faculty of Building 
Technology and Architecture at the Uganda Martyrs University, hopes to enable students to appreciate the 
importance of architecture technology as an integrated component of the design process.  This aim will be further 
enhanced this academic year with a greater integration of courses and a more systematic approach to teaching.  The 
teaching of technology is to be further enhanced, with the acquisition and use of new analysis tools and equipment 
that will give students a better understanding of the issues they are dealing with. 
 
Through exposure to the multidimensional nature of architecture through Problem-Based Learning, it is expected that 
students will develop a more integrative approach to architecture.  By showing that alternative scenarios can and do 
exist, and that the central concern should not be on repeating the rules verbatim, but solutions should be derived 
from identification of problems and opportunities, reflection and analysis, and application based on understanding of 
the situation.  The continued separation of subjects in the teaching of built environment courses, reinforces not only 
the lack of relevance to design of these courses, but also does not give students the confidence to investigate the 
implications and consequences of different ideas that arise from multi-dimensional studios.  It has to be 
acknowledged that architecture is a complex profession, and consequently demands an adoption of a new approach 
to the training of professionals. (Odeleye, 1988)  The promotion of a Problem-Based approach ensures that 
architecture technology is regarded as being a part of the design process itself, and that this IS design itself.  
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ABSTRACT: Despite environmental concerns are on the rise in many sectors of the profession, 
architectural education and practices are too often devoted to fashionable design and expensive 
technologies that ignore the deep physical and social roots of architecture. The third world South 
American country Uruguay is no exception, but its national university’s Faculty of Architecture has a 
tradition and history that makes it well-suited to confront the new challenges posed by contemporary 
socio-environmental conditions. In 1999 we established a Permanent Environmental Commission, 
whose aim is to introduce an associated change of perspective within the faculty. The approach we 
take addresses social, environmental and epistemological issues as a holistic unit in a societal quest 
for sustainability. Over the past two years, an education experience we tried with students have yielded 
amazing results. The next step is to institutionalize and insure the dissemination of this enterprise.  
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INTRODUCTION 
Awareness of the role that buildings and building production have played in the escalating environmental crisis of the 
late twentieth and twenty-first centuries poses fundamental new challenges for architecture. How are we architects 
responding to these challenges? Does the architecture we engage in and teach enhance and preserve a healthy 
environment, or does it contribute to its deterioration? Does it contribute to the development of sustainable societies, 
or speed their demise? The answer, of course, varies between individual architects, educators, institutions, regions 
and countries. While environmental concerns are on the rise in many sectors of the profession, a top-design industry 
continue to spread fashion-centered aesthetics and wasteful technologies that don’t actually pay lip service to those 
concerns. And even among purportedly environmentally conscious groups and individuals the basic concepts of a 
healthy environment and sustainability vary wildly. 
 
A recent experiment in architectural education in Uruguay has confronted these issues head on, and the results have 
been illuminating. First, we will address the fundamental philosophical premise of that experiment: what do 
“environmental responsibility” and “sustainable” mean when it comes to architectural practices? What are the 
underlying general ideas on how and what sustainability is to be achieved? (Foladori 2005) Next we will give a brief 
account of the local context for our experiment, and then we will present the project, its outcomes, and our 
conclusions.  
 
1. ARCHITECTURE AND SUSTAINABILITY 
“Environment” and “sustainability” are now obligatory buzzwords in building, architecture and urban planning 
agendas. We toss around terms like “eco-architecture”, “green architecture”, “sustainable architecture”, “sustainable 
cities”, and “sustainable communities,” but have yet to assign them precise meanings. Issues being considered 
include energy efficiency, water conservation, non-toxic emissions, material- and waste recycling, local and 
renewable resource use, appropriate technology, life-cycle and ecological footprint accounting, and landscape and 
heritage revaluing. Some of these issues refer to physical problems. Some concern the economic, social and cultural 
dimensions. And some address architecture’s role in expressing and reflecting societal relationships and the way a 
society relates to nature. Ideas about which of these issues should be considered, and how and to what extent they 
should be addressed, vary wildly. Architecture lacks a common definition of goals, responsibilities, or even ideals 
when it comes to environmental quality and sustainability. The scope of our concern and responsibility in space and 
time remain undefined. 
 
If, as architects, our concern for energy use is limited to our buildings themselves, we may choose materials and 
technology that produce a highly energy-efficient building, but require more energy for their production, transportation 
and manipulation than will be saved in the lifetime of the building. If our concern for health is limited to our building’s 
users, we may utilize inert metals and non-toxic paints, but fail to consider the processes required to obtain and 
process them, which may risk the health of miners and factory workers. Concern about greenhouse emissions and 
climate change may lead to energy conservation in both building and fabrication, but do we also avoid coastal 
constructions  in  areas  certain  to fall  victim  to  rising sea  levels  in  the  next fifty  years?  Clearly, a practice that is 
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celebrated as a paradigm of sustainability in some circles, will be seen as a vain or largely symbolic gesture in 
another. 
 
In the broadest sense, it is the contribution that architecture makes to the sustainability of entire communities that 
needs to be taken into account. Ideally, we would consider all of the interrelated biological and physical, economic, 
social, cultural and political implications of our designs in an extended space-time continuum, from production 
through implementation and use. This, of course, is an overwhelming task for even the simplest project, requiring 
expertise and knowledge that is far beyond that acquired in the normal architectural education. One might argue that 
even if we were trained to cope with such considerations, they fall beyond the architect’s jurisdiction. For example, 
we are not usually in a position to decide what types of buildings or structures should be built where. We have little or 
no control over how much money the customer is willing or able to invest, the availability of materials, building code 
restrictions, and so forth. Should we then plead ignorance and lack of decision-making power, and ignore the larger 
consequences of our interventions? 
 
We  answer this question with a resounding “no”.  We are embracing a broad, holistic concept of “sustainability” that 
simply cannot be addressed by a “limited liability” approach, or by isolated adjustments within fragmented decision-
making structures and fields of knowledge. In the last few decades, scholars and thinkers from many different fields 
of study have been coming to the conclusion that both global social imbalance and environmental crisis are 
unavoidable outcomes for an industrial, capitalist civilization. Thinkers like Castoriadis or Morin call for a radical 
subversion of the philosophy and the epistemology embodied in this civilization’s power relationships, both within 
human society and between human society and nature (Castoriadis 1990) (Morin 1993). Some architectural theorists 
and educators, like T. Dutton and A. Ward, have denounced postmodern disenchantment and its reactionary 
aestheticism and advocate the reconstructing of architecture’s social project (Dutton 1996) (Ward 1996). Others like I. 
McHarg and S. Van der Ryn call for epistemological changes in the way that design is related to nature (McHarg 
1969) (Van der Ryn and Cowan 1996). 
 
In keeping with this trends, we are beginning to question many of the given conditions and the underlying premises of 
contemporary professional architecture: private land ownership, profit-maximizing logic, business construction, 
universal design and technical patterns, expert knowledge self-sufficiency, and the cult of the single creator 
personality. These premises determine the ordinary role, constraints and margins of freedom for the practice of 
architecture, and they are generally taken for granted in architectural education. As a first step toward fulfilling our 
role in a societal quest for sustainability, we need to rethink that education. 
 
2. NEW PROBLEMS, OLD PROBLEMS: A VISION FROM THE SOUTH 

 
 

 
Source: Museum Torres García web site: www.torresgarcia.org.uy 

Figure 1: A famous sketch by Uruguayan artist Joaquín Torres García. 
The inverted map of South America suggests a subversion of the 

hegemony from North to South. Uruguay is marked by an X.  
 

Unlike much of South America, the Eastern Republic of Uruguay (Fig. 1) came of age as a modern nation with few 
pre-colonial ethnic or cultural roots, looking to Europe for its model of civilization and progress. In the late 19th and 
early 20th century we casually achieved a prosperity and a welfare state that put us on par with many first world 
social indexes. During the latter half of the 20th century, however, that weakly founded prosperity crumbled, our focus 
shifted from Europe to the U.S., and a chronic economic crisis placed us firmly among the continent’s third world 
countries. In the sixties, a home-grown socio-political movement joined the continent-wide struggle for emancipation 
and social justice, but in 1973 our heretofore democratic political system succumbed to a brutal and stifling 
dictatorship, which endured until 1985. As we ended the dictatorship, postmodernism and globalization were on the 
rise, and as we tried to rebuild the modern society of our history, we unquestioningly embraced many of their tenets: 
global cultural homogenization; rising consumerism; social disintegration; general ethical, political, and aesthetic 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 255 



skepticism and pragmatism; and overall neglect of community problems and projects. Unfortunately, the 
environmental awareness that was also on the rise in first world countries, didn’t reach our shores until much later. 
Our nation’s architecture, as well as its Faculty of Architecture, reflect the above history. Just as they adhered to the 
international style in earlier times, they are now strongly influenced by the scenographic, virtual architecture the 
international star-system exalts. This lack of sensitivity to both global and local socio-environmental problems is 
troublesome, particularly as our faculty is, in principle, well-equipped by its modernist tradition to confront the current 
challenges. Among its main achievements are: an integrated approach to architecture from the detail to the planning 
scale; scientific support for design, with an emphasis on the physical principles of building techniques and pioneering 
research on the science of climate as applied to architecture; the usual experience of getting advice from other 
disciplines; and, above all, the national university’s political commitment to serve the populace and society, 
something typical of many Latin American universities. 
 
These values are still in place, and in a few cases they have produced an environmentalist perspective. But they 
have progressively lost ground to a post-modern indifference to physical, economic and social realities. This is readily 
apparent if one takes a look at the sorts of designs that are winning positive reviews and competitions, that our 
colleagues are producing and our students are learning to imitate (Fig.2). 
 

 
Source: Dínamo, on-line publication by Taller Scheps, Facultad de Arquitectura, Uruguay www.farq.edu.uy 

Figure 2: A design by Uruguayan students that was awarded an Archiprix in 2005 
 
 

 
Figure 3: Our students are currently trained to carry out sunshine-path studies on models using a heliodon. 

However, this means is sometimes used just to obtain an impressive image of a blind-to-solar-orientation project. 
 
This is the context our team is intending to work on, with the task of increasing awareness of the new responsibilities 
and challenges that today’s architects face, besides to rescuing the fine inheritance we are losing (Fig.3). This 
endeavor is inspired by the understanding that both old concerns and new concerns arise from a sense of the deep 
physical and social roots of architecture, to quote  Master Justino Serralta. 
 
3. RE-LEARNING FOR SUSTAINABILITY: AN ENCOURAGING EXPERIENCE 
 
3.1. A path towards “environmentalizing” 
In 1998 the Faculty of Architecture created a temporary task group on environment, and a year later this produced 
the Permanent Environmental Commission, known by its acronym in Spanish as CAP. CAP is comprised of 
professors and researchers from every institute and department of the faculty -Design, Planning, Architecture Theory 
and History, Building Technology, and Climate and Comfort-. Years of cooperation have produced an integrated 
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architectural approach to sustainability and an educational program based on that approach, but obtaining a full 
institutional commitment to implementation  has proven much more difficult. 
CAP initially focused on the education of the Faculty’s professors and graduated students, inviting guest professors 
from different disciplines and countries to give brief courses and workshops. This is definitely the most accurate 
strategy to provoke a sustained process, but it is also a long-term one, and it needs much greater institutional support 
than is actually granted. In 2004 the seven members of CAP decided to try presenting its own course, not as 
organizers but as teachers. Our first course, “Architecture, Environment and Sustainability,” was open to fourth-year 
architecture students who had already achieved a certain level of knowledge and maturity. In 2005 a second edition 
followed, and participation was broadened to include students and professors from the Faculty of Agronomy and a 
professor of Geography from the Faculty of Sciences. Both courses were extracurricular, with voluntary enrollment 
and no academic credits offered. Even so, the number of applicants far exceeded the limit of 30-40 students, which 
was all we were able to cope with using our defined pedagogical method. The following discussion synthesizes the 
most significant characteristics and results of the two courses. 
 
3.2. Purpose and strategy: A change of view 
The course was placed between the first and second cycle of the usual 6-year curriculum, and made use of the 
knowledge already acquired -mostly focused on single buildings- while introducing new concepts relevant to the 
urban-territorial scale to be followed. Altogether, it was 40 hours long. We did not hope to modify preconceptions and 
habits during this short time, but rather to activate an impulse to question those preconceptions and to mobilize the 
interest and inquiry that would lead students to an enduring commitment. We defined our objective as: “recognition of 
the inherent environmental implications of architecture and its actual and possible contributions to either increasing 
the environmental crisis, or to creating a sustainable alternative.” In short, we sought to instigate “a change of view” in 
our students. This has become the characteristic slogan of the course. 
 
On the one hand, we simply provided information that is absent from the standard education the faculty provides. On 
the other, we approached aspects of the existing curriculum in a way that encourages what education psychologist D. 
P. Ausubel calls meaningful learning (Ausubel 1968). The premise here is that there are lessons in an explicit 
curriculum that are never effectively integrated in the student’s mind and practice, due to a “hidden curriculum” that 
implicitly enhances certain knowledge and values, while neglecting others. We presumed a knowledge composed of 
“open certainties” (Follari 1995) and encouraged thinking beyond our discipline’s conventional boundaries and 
certainties, working towards Edgar Morin’s  “complex thought” (Morin 1986) and Enrique Leff’s “new environmental 
rationality” (Leff 2002). At the beginning of the course we tell the students that we are all there to learn and there is 
no unique truth to be transmitted or discovered. The learning experience was thus focused as much on method as it 
was on themes. There was close interaction between all participants, with little division between teachers as 
knowledge owners and students as knowledge receivers, as Paulo Freire’s pedagogical theory emphasizes. Students 
later expressed appreciation of the value their opinions were given and noted that, though the teachers showed a 
mastery of the subject, they  often seemed to be “just another student”.  
 
3.3 Teaching methodology  
We combined several teaching methods: 

 Conventional expositive lessons with examples and thought-provoking images, movies and texts, reinforced 
by group exercises and discussions 

 Workshops on specific cases or issues, using role-playing, charts and other group-work techniques 
 Field observation of selected problem areas or buildings, and encounters with the corresponding 

stakeholders 
 Small groups of 3-4 students produced monographs on specific themes and presented them at the end of 

the course. In 2005 each group was advised by a team of two professors, one from the architecture faculty 
and one from agronomy.   

 Individual and collective assessments of the experience  
A specific heterogeneous land area about 30 kilometers from Montevideo served as a constant reference during the 
course and for the final monographs. It includes part of a hydrological basin, several rural uses and transformative 
activities, a little town called Juanicó, and a Faculty of Agronomy experimental station. 
 
Themes were presented in a dialectical context, rather than as a logically construed sequence of topics. We built 
comprehension of each case and problem at successive levels and depths by moving between the concrete and 
abstract, the  particular and the general, the local and the global, and the theoretical and practical. In order to 
establish the desired learning atmosphere, we began each course by inviting all participants to introduce themselves 
and express their interests and expectations. Then we briefly explained the purposes and the plan of the course. 
 
3.4. Program and contents 
 
3.4.1 Turning back to the sources 
The introductory part of the course consists of expositive lessons, group exercises and discussions focusing on “the 
deep physical and social roots of architecture.” Turning to the very beginning of architecture as a primordial social 
work, we emphasize the integral relationship between shelter and agriculture, industry, trade, communications and 
culture. In this way, the inherent dependence and impact of the “man-made world” (Crowe 1999) on the natural 
environment becomes readily apparent. With the help of L. Mumford’s classic texts (Mumford 1934 and 1938), we 
take a whirlwind tour of historical developments in the relationship between society and the environment. We discuss 
examples of the diverse local architectures and settlement shapes that evolved in different landscapes, climates and 
social systems, and note that even in modern times a major part of the world’s built environment is produced without 
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professional assistance. Then we move on to explore the effects of the great revolutions, 15th century colonialism, 
and 18th century Enlightenment and industrialization. Here we find the origins of modern science, technology and 
professional architecture, as well as the roots of the contemporary environmental crisis. Finally, we focus on the 
urbanization phenomena, megalopolis, oil-spot shaped expansion, and social segregation, as major concentrators 
and exporters of environmental impacts. A group analysis of our city, Montevideo, serves to explore these topics. By 
the end of this part of the course, a general framework has been established for the critical analysis of contemporary 
architecture from outside narrowly-defined disciplinary parameters.  
 
3.4.2 Auto-analyzing 
The second, most extensive, part of the course is a survey of the diverse environmental implications of architecture 
as it is currently practiced. We discuss specific decisions that architects and town planners make and do not make, 
by performing different professional roles. Students work in groups on real, documented cases, defining the different 
options available and examining the actual decisions and actions. We employ role-playing, charts and other group-
work techniques, as well as field observation of selected areas, buildings, and meetings of stakeholders. The groups 
then share their conclusions and observations, and we begin to synthesize them into a general conceptual and 
practical model. Finally, we attempt a systematic review that integrates the biophysical, economic, social and cultural 
adequacy of professional decisions by designing, directing or controlling of building implementation, planning, 
programming, and managing. About the middle of this portion of the course, the topics, groups and tutors for the 
students’ monographs begin to be defined. 
 

 

 
Figure 4: Some slides taken from the students’ presentations. The topics they chose 

ranged from particular buildings or landscapes, to the social patterns of land use. 
 
3.4.3 Concluding 
The conclusion of the program explicitly addresses and distinguishes the changing realities and the changing ideas 
that currently confront architecture as a discipline. We look first at issues that refer to the Earth as an inhabitable 
planet, ecosystems functions, life cycles, and thermodynamics principles. Then we take a panoramic look at 
environmental concepts, trends and epistemological approaches, and discuss their application to architecture, 
contrasting that with the usual disciplinary practices and concepts. Finally, the students present their monographs 
(Fig.4). They are evaluated, both qualitatively and quantitatively, using categories based on the course’s goals, as 
shown in Table 1. Students were previously informed of the criteria. 
 

Table 1: Evaluation form used for student presentations. 
Each item was marked on a scale from 1 to 4, and accompanied by an explanation. 

EVALUATOR: GROUP 
THEME, MEMBERS       
ITEM % 1 2 3 4 5 6

Coherence, clearness and structure of the exposition 20       FORM 30 Adequate use of facilities (photographs, maps, diagrams, texts) 10       
Clear statement of the subject 10       
Consistent integration of the course’s concepts  30       
Critical reflection, factors accounting, discrimination and discussion 20       CONTENTS 70 

Final conclusions 10       
TOTAL 100  100       
COMMENTS       
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3.5. Outcomes assessment 
After each lesson, the educational experience was closely monitored by the teaching team. At the end of the course, 
students were asked to write down their opinions and suggestions on the course’s contents and dynamics, and to 
weigh their satisfaction compared with their previous expectations. The teaching team used these opinions to make a 
final assessment and then discussed this with the students. A detailed report was presented to the Faculty authority 
and an open workshop was organized with external commentators from the three main fields of the Faculty -design, 
technology and theory-. In 2005 an additional form was completed as a report on the outcomes for the central 
university’s CSE (Sectorial Teaching Commission), which had supported the program for this year under the 
designation “innovative projects”. 
 
The results of this short experience were amazing, not only in terms of the students’ scholarly performance, but in 
terms of the observed transformations in their behavior and attitudes during the course. Their uncertainty and 
amused hesitation at the beginning of the course, when they were directed to walk through our familiar Faculty 
building and view it with new eyes, quickly gave way to excited discussions.  The shared experiences of the 
workshops and fieldtrips generated personal affection, respect and trust that resulted in an extremely productive 
group learning experience. Participants, instructors included, learned by listening to each other, questioning, self-
examination, and brainstorming solutions together. The care that students took in their final presentations and the 
depth of their observations are remarkable. Students did not hesitate to express their  criticisms or offer suggestions 
on the content and format of the course itself, and these have been helpful in correcting mistakes and improving 
many aspects. Many participants have asked to collaborate on future editions of the course, and some have already 
prepared independent research projects and carried out presentations for other students, thus disseminating their 
new knowledge and awareness. 
 
One of the most valuable results came from listening to the views of actors from other disciplines and local 
stakeholders. It was useful opening the course to people from other disciplines, who view the environment from a 
completely different perspective, have different aims regarding its use and care, and even identify different 
constituents and give them different names. This circumstance also brought home the difficulties we have to 
transcend our discipline and build a trans-disciplinary perspective. It also triggered an enlightening controversy on 
what exactly comprises architecture’s own matter or point of view, and revealed just how widespread the 
preconception that reduces it to aesthetics is. The workshop with diverse stakeholders in Juanicó highlighted the 
wide variety of conflictive interests and ideas about land use and shaping that architectural and planning 
professionals must deal with. The students clearly absorbed this lesson and made its many facets clear in the 
amusing role-playing workshop that followed later in the course. 
 
In their own assessments of their experience, the students refer to “the spirit of the course,” and to the enthusiasm, 
sense of ethics, and amplified comprehension it engendered. However, the troubled reticence they expressed when 
we questioned the established concept of “good design” still remained at the end of the course, reminding us of an 
observation attributed to Albert Einstein that it is easier to disassemble an atom than preconceptions. And students 
also ask for for new certainties, more specific information and instruments, and for the process to be continued: in 
other words, for more and further education. 
 
CONCLUSION 
The experience clearly demonstrates there is a rich fertile field to act on. Young people are avid of ideas, projects 
and purposes to stimulate them intellectually, morally, emotionally. Maybe to remove them from skepticism about the 
future? At least some of them, for we cannot forget the extracurricular status of the course meant that those who 
chose to participate were already eager to explore these issues. 
Though the seeds have been firmly planted, it is obvious that, when it comes to architecture a “change of view” is 
meaningless if it is entirely theoretical. A change of attitude must be put into practice and implemented in our designs.  
“Re-learning for sustainability” has not yet taken root in our Faculty and this experience will quite likely abort if it 
remains isolated. Recent sociological research finds that our behavior often depends on real circumstances more 
than on our acquired values, even the strongest ones (Dahlke 2001). Certainly this is the case for architects: deep 
changes are required in the social conception and conditions within which architecture performs. Our task and that of 
our students still awaits us: not only to bring sustainability to architecture, but to bring architecture to sustainability. 
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 ABSTRACT: This paper argues that whilst the traditional satellite approach of lectures and studio is an 
efficient and convenient method for delivering and assessing work in environmental design in an 
architectural curriculum, it by no means guarantees that this work will be apparent within design studio.  
In light of the emphasis on design to fulfil environmental as well as comfort needs for the user, 
environmental design is once again being brought back into the creative domain of the architect.  This 
paper will therefore describe a pedagogy that has been shown to unify environmental design teaching 
with design studio in a creative manner using examples from two disparate undergraduate courses as 
offered by the University of Nottingham.  Whilst by no means is this approach meant as a prescriptive 
solution, it explores concepts that may form the starting point for discussion in other schools of 
architecture. 
 
Conference theme: Education of Future Architects 
Keywords: environment, creativity, studio, design 
 
 

INTRODUCTION 
The mere mention of the words environmental design, architectural science, or building physics to many architectural 
professionals will guarantee either a very cold, hostile response or see them running for the door.  Many fail to see 
that environmental design has any true relevance to architectural design, that it is a mechanistic process and the 
domain of the specialist.  The converse is often true of the specialist who sees the ‘abstractions’ of architectural 
design as an impediment to the critical implementation of principles, systems and technologies.  Whether these views 
are the product of the educational process or flow from the nature of professional relationships formed upon entering 
practice is perhaps a moot point. What is clear is that if future generations of buildings are to provide appropriate 
environmental conditions for their occupants, whilst at the same time impacting lightly on the wider environment, the 
concepts and approaches that facilitate this aim will have to be embraced by all responsible for design. 
 
Architects have not always been so reticent about the creative opportunities afforded by truly integrated 
environmental design.  Andrea Palladio clearly demonstrated an inherent awareness of natural ventilation and 
lighting in his Vicenzan Villa Rotunda.  Le Corbusier demonstrated a fundamental appreciation of the opportunities 
offered by an innate understanding of solar geometry (Griffin and Millet, 1984).  It is clear that, these architects were 
comfortable working with concepts surrounding environmental design, particularly those involving passive 
approaches to design problems.  However, more recent times have witnessed an increasing estrangement between 
man and the environment, as design has turned towards domination and exploitation, summed up by Heidegger in 
Bognar (1989) as a “loss of nearness” between people and their world.  With reference to the built environment: 

….the ostensible aim was to provide environments that, by engineering calculations, would be optimally suited to 
satisfy human needs as understood by the culture of utility – air of just the right temperature, the right amount of 
humidity, light without glare and of the right intensity, acoustical perfumes, soothing colors, soft music…..these 
Platonic environments created and maintained by mechanical means, allowed the old laws of siting and orientation 
to be forgotten – it mattered not whether the sun rose or set on mountain or desert. (Goodman, 1981) 
 

This cultural dominance of environmental services required to make comfortable environments saw the rise of the 
engineering professionals charged with their integration. Freed from the restrictions imposed by designing in 
sympathy with the environment, the architectural profession was able to direct its attentions to the more highbrow, 
ephemeral drivers of design. With the growing recognition of the environmental burden imposed by such an 
unsustainable approach to the design and operation of buildings, has come pressure to re-evaluate the priorities 
driving the creative process. The increasingly stringent regulatory requirements being faced by practitioners are being 
echoed by the prescription criteria set out by the professional accreditation bodies responsible for overseeing the 
education of new architects. Although at an early stage in responding to these challenges, it is probable that new 
generations of buildings will return to working with the environment where issues such as orientation, form, materials, 
etc, largely the domain of the architect, assume key importance. Responsible design should also give due 
consideration to the needs of the user and it seems reasonable that measured use of active systems, possibly 
working in conjunction with renewables, will form part of the solution. This balancing of approaches, in collaboration 
with cognate professions in pursuance of a holistic design solution means that the challenges faced today are 
potentially greater than those faced by the master designers of the pre-mechanisation age. 
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In this paper, the authors describe their response to the changing educational landscape within which environmental 
design occurs, addressing teaching of underlying concepts and their influence of the creative process within studio.  
 
1. REFLECTION 
This paper derives from the experiences of the authors who found themselves responsible for the delivery of 
environmental design teaching to undergraduate architecture students, after inheriting lecture programmes on their 
arrival at the School. Having undertaken their undergraduate degrees (in architecture and construction respectively) 
in the 1980s, what was striking was the familiarity of the material that they were expected to deliver: being essentially 
a course on the fundamentals of building physics. Student feedback on programme delivery was favourable and 
student attainment, as reflected in results from traditional written examinations, was high. Frustratingly, the translation 
of the concepts covered within lecture programmes into coherent design within studio was weak on those occasions 
where links between studio projects and lecture programmes were forged. Moreover, such concepts were virtually 
non-existent in any subsequent projects. 
 
The work presented here relates to changes in teaching practice implemented in response to what the authors 
viewed as a weakness in their pedagogical approach. Given the nature of the degree their students were engaged in, 
effective expression of environmental design concepts within the context of appropriately structured studio projects 
was held to be the ultimate indicator of successful delivery. This was given increased emphasis after the 
implementation of the new undergraduate criteria for validation and prescription published by the UK professional 
accreditation bodies that imposed a requirement that: 

Students...demonstrate, within coherent architectural designs and academic portfolio, the ability to integrate 
knowledge of: - The principles of building technologies, environmental design and construction (ARB, 2006) 

and reflects moves that are taking place in many other countries eg, Wright (2003). In simple terms the problem 
faced appeared to be one of translating the engineering/scientific concepts delivered through the precise language of 
mathematics for which exact answers to problems are implied, into design work, responding to a flexible brief where, 
at least in principle, there is an infinite solution set. Expressed slightly, more elegantly, a problem of building a bridge 
between a pedagogy based on logical positivism to one based on constructivist principles. The solutions described 
share much in common with project- or problem-based learning techniques and involved a significant re-evaluation of 
the relationship between activity in the classroom and activity in studio. 
 
The authors do not claim to be experts in the field of educational theory. The approaches described stem from a 
passion for environmental design and a determination to see work informed by its ideas and concepts produced by 
students who were not intimidated by the subject. As will probably be quite apparent, the ideas were derived using 
intuition and arrived at after many failed attempts. What was striking in undertaking the background research for this 
paper, however, were similarities with the problems faced in the 1980s and also in the solutions proposed. The 
reasons for their rather late (re)discovery and some of the drivers for their implementation are therefore reviewed. 
 
2. TEACHING AND LEARNING IN LECTURES AND STUDIO – A PEDAGOGICAL INQUIRY  
Here the pedagogical basis underpinning this traditional architecture curriculum is reviewed in order to understand 
the relationship between traditional taught programmes and studio, elucidating the relationships between student, 
lecturer, and tutor within the whole process. 
 
2.1. Knowledge acquisition, recall and application within design studio and lectures 
Gelernter (1988) describes clearly the misconceived process of knowledge acquisition, recall and application, and 
how it should be understood within the context of the design process.  He makes the case that the  

modern curriculum implicitly assumes the mind works in two quite distinct and sequential modes:  first the mind is 
stocked with general knowledge of potentially universal application, then that knowledge is applied to practical 
problems.  This treats the mind like some kind of simple filing cabinet.  The cabinet is empty when a student begins 
the course it is usually assumed, and it is the job of lectures to provide folders labelled “environmental behaviour,” 
“structures,” “services,” “history and theory,” to fill these folders up with the appropriate general principles and 
bodies of knowledge, and then to place them in the correct sequence in the mental filing cabinet where they can 
easily be found again.  Later in the studio, when the student faces a practical design problem for the first time, he or 
she simply reaches into these mental folders and retrieves material which will help with the solution of the practical 
problem at hand.  The entire procedure is assumed to happen sequentially:  first the folder is introduced, then filled 
and filed, then retrieved from. 
 

Of course, educational literature has disproved this sequential approach to learning, and as Gelernter (1988) goes on 
to explain within the context of Hillier and Piaget, a designer must have some “plan for finding a route through 
problem material that would otherwise appear undifferentiated and amorphous.”  In essence, he explains that a: 

designer faced with a new problem selects a solution type (cognitive schemata) from his or her existing repertoire of 
design ideas, imposes this idea on the problem, and then tests it to see how well it satisfies the problem’s 
requirements.  If the designer is lucky, and the problem matches exactly the solution type which is initially employed 
(for example, a house designer faced with the same essential requirements time and again will usually have a 
workable solution type easily to hand), then in Piaget’s terms the designer has assimilated the problem to an 
existing solution type.  More likely, though, the solution type first proposed will not sit comfortably on the problem in 
every aspect, and so the designer begins to adjust the schema to the problem through a cyclical process of 
modifying the schema, testing it against the problem, modifying the schema again, and so on, until the original 
schema has been transformed into a new one which resolves the design problem’s requirements.  In Piaget’s terms 
the solution type has been accommodated to the new problem, and in the process the designer has added a new 
solution type to a personal repertoire which may be used as the starting point for addressing future problems. 
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Interestingly, Hillier et al. (within Gelernter 1988) describe this process as conjecture – analysis, whereby design is 
described as being cyclical and deductive by nature. 

In the conjecture mode, the designer draws upon his or her existing cognitive schemata and uses extra-rational and 
artistic procedures of analogy, metaphor, sudden flashes of insight, and “displacement of concepts” to create new 
ideas; while in the analysis mode the designer uses rational and rigorously scientific thinking to study the 
consequences of that idea for the various requirements of the problem. 
 

When looking at one’s own educational experience, these comments are particularly revealing.  Students are 
expected to embark on complicated design projects with limited knowledge of the design process or aspired solution.  
In this manner, they have not formed even the basis of the conceptual framework within which knowledge would 
normally be applied.  Additionally, the knowledge and preconceptions that they do bring to the design studio are often 
belittled or ignored with little attempt made at explaining why these preconceptions and cognitive schemata may be 
misinformed.  From project inception, students are facing an uphill battle that is often improperly supported in either 
lectures or design studio.  By ignoring their existing repertoire of knowledge whilst hoping to pile on even more 
knowledge unrelated to the student’s existing limited schemata, students find it almost impossible to assimilate that 
knowledge and therefore are unable to apply it.  Indeed, when it is considered that the acquisition and application of 
knowledge is not a sequential process, it highlights an important point about the traditional lecture as a forum for 
delivery of the skills and principles which assist in the formation of the schemata.  Once again, Gelernter (1988) 
states:  

Knowledge offered in advance of any attempt to apply it cannot find a conceptual schema in the student’s mind in 
which to reside, for the required schema can only be developed while struggling with a particular problem.  This 
partly explains why students can sit through several years of lectures on a particular subject and still not be able to 
apply the new knowledge; without a conceptual schema already evolved out of application, the knowledge simply 
goes in one ear and out of the other.  Likewise, attempting to struggle with a design problem in advance of 
commanding any cognitive schemata, or solution types, is doomed to failure, for the student will not possess the 
essential starting point from which design ideas evolve.  The two sides of knowledge acquisition and application 
must be attacked simultaneously. 

 
By questioning and seeking to understand the traditional architectural pedagogy, it is possible to moot that the 
objective of integrating the lecture and studio process should be to encourage deep learning whereby the curriculum 
encourages critical and creative thinking, problem solving, effective decision making and conflict resolution.  
Warburton (2003) cites some useful principles in the delivery of a sustainable education program, notably: 
• that such an education process embraces knowledge and understanding by anchoring ideas based on 

experience (cognitive schemata).  In effect, these anchors provide a clear structure to the curriculum where the 
material presented exemplifies its unification and integration in other areas, with these links made explicit at the 
inception of the program.   

• that a unifying framework is established, particularly one that is able to be assimilated into the student’s own 
schemata that permits meaningful dialogue across conventional disciplines. This requires a properly organised 
sequence of design-related projects that continues throughout the student’s education.  Instead of the student 
being offered the knowledge that would allow them to solve every conceivable problem in their future 
architectural career, they are given a framework that allows them to start on an evolutionary path of 
development.  It is an accepted fact that the profession graduates will eventually join is in constant flux in 
response to regulatory, financial, technological, and stylistic influences, not to mention the unique challenges 
imposed by each new and successive project.  The opportunities afforded by a more holistic education in design 
ensures that the principles which are taught will fundamentally influence the approach students take to design 
as well as the end product.  The schema must continually evolve and form new schemata; the student must 
demonstrate an ability to engage with life-long learning. 

• that schemata are developed in a clear and graphic fashion where through enquiry, discussion and application, 
connections between key concepts can be made and therefore visualised in a manner that is appropriate to 
architectural design.  Students must be treated as active seekers of knowledge, and actively engaged (and to a 
certain extent become empowered) within both lectures and design studio.  The learning environment itself 
becomes one of cooperation and activity, therefore questioning  fundamentally their methods of delivery, 
engagement, and assessment.  Specifically, this argues the case that lectures should not be presented as 
courses that are independent to and delivered in advance of studio projects; that lectures should conform to the 
accepted pedagogy of ‘teaching-on-demand.’  As has been described, if knowledge acquisition is separated 
from the ability to understand and apply knowledge within an architectural curriculum, the cyclical relationship 
between the two must not be split. 

• that the “pedagogical process should be presented as a revelatory activity that builds individual awareness.” 
(Hounsell 1997)  In other words, students and staff should be encouraged to ask better questions, rather than 
assume that there are a definite set of answers to a problem solution. 

 
Interestingly, the argument presented in this section may be expanded into further areas of enquiry.  If the 
requirement is to provide closer integration, then the role, purpose and delivery of the lecture itself must be examined 
critically, including an understanding of the lecturer themselves.  Additionally, with integration comes greater 
responsibility on the part of the design tutor to effect this integration, therefore it is imperative that their fears and 
apprehensions are fundamentally addressed as without them there can be no true integration. 
 
2.2. Hemispherical domination 
Cole (1980) describes concisely within the context of lecturing on educating energy matters in an architectural 
curriculum four key factors that influence its successful implementation, namely 
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1. teaching and its product, learning, will be inefficient if the information that is presented is either inaccessible to, 
or inconsistent with, the needs of the studio program, 

2. the student finds excessive information difficult to digest, 
3. if the information presented is not seen as relevant, the overall credibility of both the lecture and material will be 

lost, causing frustration on the part of the student and lecturer who may notice a considerable drop in 
attendance, 

4. when specific types of information are introduced too early and inappropriately, these pieces of information may 
have a strong bias on design itself. 

 
Traditionally, an education in environmental design has embarked upon what has commonly been termed left-brained 
thinking.  This approach to teaching has sought to develop students to become “good problem solvers through the 
knowledge of mathematics and physical science.” (Kirk and Mulligan 1996)  Lectures are structured in a linear 
sequence, taking students step-by-step through environmental processes and techniques, rarely developing 
imagination, creativity, perceptual or spatial skills, thus such an approach has been deemed unsuitable for a truly 
integrated design-based program.  Indeed, Albrecht (1984) explains; 

The claim by brain scientists that present education is biased toward one side of the brain cannot be taken lightly.  
At present, students receive a half-brained education that not only undermines the whole brain but also impairs the 
functioning of the left hemisphere since the use or misuse of one side has negative implications for the other side.” 
 

This seriously questions the traditional environmental educational framework that pervaded education at the time of 
the authors’ degrees, and to some extent is still evident in many architectural institutions today.  If, as has been 
postulated within this paper that the role of an environmental education in an architecture curriculum is to explore 
learning within the context of its application, where students speculate, explore and make propositions in a creative 
and rigorous manner, then surely the lecture as a format must move away from this hemisphere-dominated 
pedagogy.  This necessitates a considerable departure from an entirely left-brained, analytic and sequentially 
objective processes, where the aim is to find the absolute right answer, to one that embraces right-brain features 
encompassing the skills of problem synthesis through creative and critical thinking, intuition and imagination.  These 
right-brain processes unlock a domain of possible solutions and therefore offer a more holistic approach to problem 
solving.  Only through the combination of both hemispheres can the true potential of an integrated environmental 
curriculum be realised. 
 
Interestingly, design studio can be implicated for developing solely right-brained processes.  Over ‘abstract’ problems 
are often defined in briefs that rely entirely on imagination and visual processing skills without involving left-brain 
processes such as analysis and logic that are often responsible for rigour.  Indeed, Albrecht (1984) cites that with 
respect to solely a left brained education, “even greater harm is inflicted in which the strengths of students are largely 
associated with the right hemisphere.” 
 
It would seem incumbent upon architecture educators to develop both of these hemispherical processes at 
appropriate points in the academic curriculum.  Indeed, such processes go far to explaining why we are the product 
of our own education.  In the case of the environmental design lecturer or studio tutor who has undertaken a 
traditional architectural or building science education, theory was generally taught as a left-brain process, probably 
with a considerable amount of mathematics, with a strong focus on building service systems and generally devoid of 
any creative application.  The method of assessment required the student to digest and recall; at the time the 
program was developed, there was no real need to use the material other than to pass the examination. Therefore 
application of knowledge in a creative way was not developed as part of their cognitive schemata.   When the student 
advances to the role of lecturer or design tutor, where it is expected that studio assumes the role of integrating 
material, the teacher finds it difficult to envisage clear links, as these links were rarely if ever practiced during their 
own education or professional experience.  The cycle is therefore complete.  The lecturer or tutor’s schemata are 
incomplete – by not having had the opportunity to explore integration during their own career, the ability to apply such 
information is not part of their solution type.  Indeed, for practitioner studio tutors who embarked upon a right-brained 
education, the same can be said.  Over emphasis on spontaneous visual teaching practices may have resulted in 
poorly developed analytical and logical brain functioning.  Once again, the assimilation of technical knowledge is not 
part of their cognitive schemata; therefore integration into studio is almost impossible.   
 
Parallels with Stevens’ (1998) descriptions of the relationships between academic-dominated lecture forum and 
practitioner-dominated studio forum are apparent. Although viewed as controversial by many, they contain a sufficient 
number of truths to form a basis upon which to build a description of the solutions implemented by the authors. 
Taking as its starting point the view that ‘teachers’ of ‘architecture’, both academic and practitioner, are very much a 
product of their own learning experience, it argues that a fundamental attitudinal change on the part of both the 
institution and those responsible for teaching and learning must take place in a forum that sees the design studio as a 
place for active or activated learning. A place where material comes together to form the ‘whole’, therefore, “fostering 
unity between the learning process and the learner.” (Auchey et al. 2000).  The following section describes a 
curriculum structure that was implemented to support such a process, beginning with the authors’ experiences in 
establishing a new environmental systems and services design studio module. 
 
3. AN INTEGRATED PROGRAM FOR THE MEng ARCHITECTURE AND ENVIRONMENTAL DESIGN 
The four year MEng Architecture and Environmental Design was initiated in 1999 in response to a perceived need to 
educate professionals capable of meeting to the challenge of designing future generations of environmentally 
responsible buildings. The initial incarnation of the MEng course drew heavily from the school’s existing portfolio of 
architecture and building services modules epitomising the traditional approach to an architectural curriculum 
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whereby it was expected that taught material would be ‘magically’ revealed in studio. On being invited to take over 
the running of the course it became obvious to the authors that it was not fulfilling its primary objective, that of an 
integrated curriculum.  In light of this, the authors embarked on a strategic review of the course, implementing 
fundamental changes into the course structure, creating more coherent links between existing environmental and 
engineering modules on one side and design studio on the other.  Of particular importance was the formation of a 
new ‘trial’ integrated design studio module convened by both authors, the focus of this part of the paper.   
 
Timetabling constraints led to the sequencing of material delivered within lectures being out of step with the new 
studio module, therefore making it an interesting case study in face of what has been discussed thus far in this paper.  
The brief centred on the design of a recording studio, which would demonstrate coherent integration between passive 
and active approaches to the design problem.  Lectures on passive environmental design were delivered the 
preceding year, and the environmental services component was not introduced until the following semester.  This 
required an interesting and innovative approach to the delivery of the module, one that was based on the extended 
program as discussed by Levy (1980).  The extended program in essence brought the design problem into a more in-
depth technical phase of integrated environmental services. 
 
It was deemed early on in the creation of the design brief that the convenors should aim to consolidate existing links 
with a local prestigious recording facility and with pioneering practitioners in the field of recording studio and auditoria 
design.  These links afforded the input of a real client who had specialist requirements and knowledge, thus focusing 
the brief.  Pioneering practitioners brought kudos to the exercise as a whole.  As inspirational and motivational role 
models, these practitioners had a portfolio of design examples that could be used as a series of solution types 
throughout the process.  The following documents the process undertaken, with reference made to its pedagogical 
base and lessons learned.  
 
Phase 1 – Beginning Backwards – embracing preconceptions: The starting point in the project began at the end with 
its solution (Ledewitz 1985).  In essence, students were asked to embark upon a small 24 hour project to design a 
small recording facility based on several key criteria such as user interaction, natural lighting, internal gains, passive 
and active ventilation, etc.  Without exception, students had little if any experience of recording studio design 
therefore the purpose of this project was to give value to any preconceptions they had, to explore their known 
cognitive schemata, and to bring to the problem any solution types with which they were familiar.  This initial design 
concept was used to open channels for further discussion, exploration, testing and development during the next 
phase of the project. 
 
Phase 2 - Exploring Schemata – the inspirational event and solution type studies:  At the next tutorial session 
students embarked on a process of design reflection.  It was a requirement of the brief that the design process would 
be documented in their design journal.  The importance of the design journal is well known in architectural education 
as it contains both reflection and resolution that is intrinsically linked within the design process.  These visual notes 
help engage the left-brain processes of logic and analysis with right-brain processes associated with spatial, holistic 
and synthetic cognition, thereby, as described by Edwards (1979), helping “one to see and thereby to learn.”  This 
tutor-led session allowed for a deeper exploration of the students’ design solutions and existing cognitive schemata.  
Key design criteria were explored at a holistic level as a series of interactions in order to clarify key points related to 
recording studio design.  Additionally, this process clarified the depth of student’s knowledge and their abilities, 
therefore helping refine the studio program, for example, addressing general misconceptions prior to design. 
 
Following this, students were exposed to the first of two inspirational events.  A guided tour around the local 
recording studio afforded the opportunity to meet and open discussion channels with both the ‘client’ (who was the 
studio owner) and recording engineers (as the user).  Through the design journal, students explored issues such as 
air conditioning, space usage, spatial configuration, area sizing, etc.  Therefore the conceptual framework for the 
project was enabled; students began exploring their own designs based on this initial solution type. 
 
Upon return to the design studio, students were given the opportunity to participate in peer learning about what they 
had learned about their own initial design in response to this visit by reflecting on their own solution type in relation to 
another.  Ideas were explored (the synectics model of learning), documented on a series of flip charts and pinned up 
in the studio bay. 
 
The second exposure to a solution type occurred during an inspirational field trip organised in association with the 
external practitioners.  Two carefully chosen facilities were visited; one top-end, inspirational facility, and one that was 
in its early stages of construction, exposing environmental services, various stages of acoustic treatment, and 
passive approaches to design.  In these solution types, students were able to observe and critically appraise the 
process from beginning to end, having the expertise of the external practitioners and studio staff at their disposal to 
explore their own schemata.  Similarly, upon return to design studio, the peer learning exercise was undertaken again 
with students required to critically explore their own precedent; the studio turning into a place of activated learning. 
 
Phase 3 – Conjecture and Analysis:  Integrated design tutorials took place throughout the project, involving 
appropriate expert input at critical times.  The extended program required that the lecturer responsible for delivering 
the final environmental servicing component of the module was available to clarify servicing issues at its early stages.  
Indeed, this lecturer was instrumental in shaping the project brief and was completely on board with the ethos of the 
module.  Whilst it was accepted that students need not have a detailed knowledge of servicing at this stage as they 
had to come to grips with design, the tutorials progressed at a rate whereby they were developing solution types of 
which spaces needed directly serviced, where gains and losses might occur and how these issues might be 
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addressed in a more appropriate manner, the spatial implications of servicing, their role in acoustic design, 
requirements for plant, opportunities offered where possible by a passive approach to design, etc.  This “Total Studio” 
(Levy 1980) approach, whereby studio became the total learning environment was made possible due to the fact that 
the exercise was focused and information was presented and explored at each tutorial that was directly relevant to 
the stage the student was at.  Indeed, this approach in not searching for the right answer but for a domain of possible 
answers led to excited exploration on the part of the student; rarely did the student ask the tutor to solve a particular 
design problem, they merely wanted an opinion on which of the possible solutions was most realistic, thereby through 
“reflecting-in-action” (Schon 1983), they were developing their own schema by struggling with the problem.   
 
Phase 4 – Reflection on action: It is commonly understood that students learning pace varies but like the real world 
they must face deadlines, in this case the review process. This process has undergone considerable debate with its 
effectiveness continually questioned, however, if managed properly it provides useful feedback for the individual, the 
group and the tutor, and its results can be carried through into future work (Sara 2004).  The review process occurred 
at discrete points in the project timeline and in the case of this project was based on “reflection-on-action” (Schon 
1983) whereby it was acknowledged that the product would not be the optimum solution but would be the best 
available for the design exercise at hand.  Students were asked to reflect on how their designs met criteria required 
for successful completion of a project, and following the review processes were expected to document these in their 
design journal, allowing for further exploration of the solution base.  Considering the evolutionary nature of the 
extended program, these processes were important for the final integration of environmental services. 
 
Only at the end of the extended program was the design scheme marked.  This mark was based on the success of 
the final solution in meeting its prescribed design objectives, i.e. integrating environmental design and services in a 
manner that resulted in a creative, responsive architectural solution, and whether the student was able to engage in a 
meaningful conversation about the processes they had undertaken and solution domains they had explored in 
tackling the design challenge.  Indeed, the design journal was particularly insightful in this process; students with 
incomplete journals or ‘reverse-engineered’ solutions were generally those who were the least coherent in their 
design presentation.  The majority of students who embarked on the exercises demonstrated that they had fulfilled 
the opportunities afforded by integrated environmental design, that their own schemata had shown considerable 
development and refinement, and that they had enjoyed the learning experience.  This impressed not only the tutors 
but ‘client’ and practitioners who were part of the review process. 
 
3.1. Lessons Learned 
It must be acknowledged that this process was a unique solution to a problem that resulted from an asynchronous 
program of lectures and studio – the lecture program could never converge with the studio program.  Additionally, the 
scale of the problem was considerably different from that of the general undergraduate architectural curriculum; it 
focused heavily on integrating environmental systems in response to challenges that could not be passively met 
within the brief.  Interestingly, this implementation brought with it some additional points that have fed back into the 
integrated environmental design – studio approach to learning, namely: 
1. the result was the product of a focused studio exercise broadly defined as “Total Studio” whereby students are 

learning effectively as they are exploring design solutions.  This exercise took careful planning and required the 
genuine commitment of tutors, lecturers, practitioners and students in order to make it succeed.  It required 
encouragement, open dialogue, clearly defined roles and empowerment, a feeling of identity and clearly marked 
responsibility for all those involved.  As might be expected in the face of increasing pressure to increase student 
numbers, it is unrealistic to expect most institutions to embark upon such a program. However, implementation 
in the form of a coordinated schedule, whereby a focused studio exercise is accompanied by a series of highly 
related lectures, (Levy 1980) may allow many of these aims to be achieved. 

2. the result had a strong bearing on the enthusiasm and experience of both student and tutor.  In this case, 
learning had to be activated involving imagination and enthusiasm on the part of all those involved. 

3. that the process required tutors to embrace students’ own preconceptions and build upon these using 
inspiration; this inspiration originating either from having a real client to work for, a ‘beautiful’ building to visit, 
inspiring practitioners who were respected, or through inspired tutorial sessions whereby students engaged 
critically with the process and therefore built up their own schemata.   

4. the design journal was highly important as a place to undertake conjecture and analysis, as it integrated 
creativity with the more pragmatic processes of design development. 

5. the importance of reflection in the whole process.  This reflective process was essential as it proved to assist 
students in the development of their own schemata thus allowing for the assimilation and application of 
knowledge into their design.  The design process had to be able to ‘breathe’ in order to map its future by 
reflecting on its past. 

 
4. INTEGRATION OF ENVIRONMENTAL DESIGN INTO THE ARCHITECTURAL CURRICULUM 
The ethos behind the undergraduate architecture program in Nottingham is to provide the architectural profession 
with graduates who within design can demonstrate a comprehensive approach to its passive environmental and 
human needs.  Indeed, the basis of environmental teaching is one of fundamentally concentrating on the symbiotic 
relationship between people, comfort, and the environment, and therefore enhances quality of life through delightful 
design. In essence, it explores issues normally covered in an undergraduate environmental education program, 
exploring how meeting human needs implies a domain of solutions that must work in tandem with the environment’s 
capacity to support these.   
 
The school currently supports an undergraduate architectural cohort of about 600 students, relying on an army of 
part-time tutors from differing professional backgrounds.  Given this fact it was deemed unrealistic to expect that the 
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school’s teaching and learning could migrate to one of “Total Studio.”  However, given the strong ethos of the school, 
it was imperative that environmental issues were explored as part of the design process and made explicit in the 
student’s portfolio of work.  Having learned a considerable amount from its implementation in the MEng curriculum, 
the following will therefore describe measures put in place to ensure that such a process happens. 
4.1.  An integrated studio program 
The pedagogical basis of the curriculum was one that recognised that design studio offered the best place for 
complex and deep learning, therefore requiring the divide between lectures and studio to be bridged.  This demanded 
a fundamental exploration of the studio and lecture program to ensure that the material was sequenced in a manner 
that was not perceived to be peripheral to design studio but was relevant to the project on offer.  The first enabler was 
to ensure that the main environmental briefs originated from design studio as opposed to the lecture series, where 
studio was seen to be the enabler of environmental concepts explored within the lecture.  Design studio was to be the 
place where the student’s solution types could be explored, thus building their own cognitive schemata for the 
projects.  This required extensive consideration to the role of the design tutor and lecturer in the program, how they 
may be involved and indeed empowered by the process and what may reasonably be expected of them.  It was 
obvious that environmental material could only feasibly be delivered in a ‘lecture’ format and that the role of the tutor 
was to nurture its integration.  Additionally, it was recognised that backgrounds of design tutors resulted in design 
briefs that varied considerably in scope and emphasis across each year.  This diversity of projects on offer within a 
year has traditionally been a strength of the school but was a key issue in the disparity of technical rigour between 
units.  A consultation process was initiated with year heads yielding several interesting points that were implemented. 
 
1. that a process of transparency exists between lecturers and studio, notably that tutors are made fully aware of 

the pedagogical aims of the modules, its contents and how these are made relevant to design studio. 
2. that brief flexibility should be encouraged, but their aims and objectives must be reviewed in order to ensure that 

they meet the requirement for integrated environmental design. 
3. that in order to encourage integration, studio tutors should have a part to play in the development of their 

environmental brief, it being essential that open communication is established with those delivering the modules 
so that assistance and ratification of brief development ensures that both parties are equally involved. 

4. in order to facilitate the process, design studio could absorb some of the environmental design module’s credit 
allocation.  Such a process had implications for assessment therefore in the case of three of the five 
environmental modules, studio subsumed 50% of its marking.  It was proposed that, given the nature of the 
briefs, students, tutors and lecturers must be able to reflect at a key stage in the process therefore ensuring that 
the pedagogical basis for the integration is not compromised.  This reflection process, in the form of an 
environmental design review, would take place at a key stage whereby the student’s design was well 
developed, but would still undertake considerable refinement for the final review.  This ensured that the program 
was being followed, that environmental design was being integrated in an appropriate manner, and that the 
student was showing clear signs of exploring their solution base and cognitive schemata.  The lecturer in 
consultation with design tutor would formally mark this interim stage as contributing towards 50% of the module.  
The studio tutor would then be in a position to explore with the student further areas of enquiry, steering the 
project appropriately therefore ensuring it meets its learning outcomes.  The final 50% of the environmental 
module mark would be assessed by the unit tutor in an appropriate review format. 

5. studio as the enabler must assist in the advancement of both studio tutor and student’s cognitive schemata.  
Studio tutors could learn by small projects that embodied an integrated lecture / studio program.  Again, studio 
assists in the construction of solution types, promoting design exploration, and lectures are the forum where 
these solution types are reflected upon, building further schemata through examination of known solution types.  

6. that in order to reinforce this process, the lecture format must become an active learning environment. 
 
To facilitate this process, an induction day was set at the beginning of the academic year in order to provide studio 
tutors with clear guidance about the journey they were about to undertake, the appropriate methods for undertaking 
studio tutorials and review sessions, and what was expected of them as members of the school. 
 
4.2. An integrated lecture program 
The lecture itself was a fundamental enabler for this process restructured to embrace the opportunities offered by this 
new studio program in a manner that was palatable to both lecturer and student.  Previous lessons highlighted the 
importance of creating an active learning environment within the lecture series itself, one that embraced rigour with 
imagination and creativity and where possible one that linked knowledge with demand.  Where knowledge could not 
be delivered on-demand, alternative means had to be found to explore concepts.  Ultimately this meant that no longer 
could the lecture, as a forum, deliver the quantity of material associated with a traditional environmental program, 
therefore focus was placed on establishing a process that built student’s solution types through actively engaging 
with more complex material independent to the series, i.e. building learning skills. 
 
The first process involved the transformation of the lecture into a forum of active learning and critical debate.  
Environmental material was presented to students in relation to particular inspirational solution types (i.e. case 
studies that exemplified an integrated approach to environmental design (Perdan et al. 2000)).  Both authors were 
present at all lectures, exploring these solution types and their environmental concepts from their own disparate 
backgrounds.  This led to a peer-learning synetics-based environment of critical debate, one that was rigorous, 
exploratory and creative. 
 
Given the importance of students assimilating this knowledge into their own schemata, they were given the 
opportunity to explore design-related environmental issues through a series of small group projects.  These group 
projects revolved around particular scenarios and solution types, requiring a rigorous approach to exploring their 
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domain of possible solutions.  Each project took them on a particular journey through an environmental problem, was 
contextualised within the context of their existing studio project, an inspirational building or event, and developed 
within their design journal.  Students were actively encouraged to explore the use of environmental design tools, but 
were made aware that these tools were part of a process of exploration that converges on a domain of possible 
solutions, therefore not engaging solely with left-brained processes.  Although reflection was (for studio-related 
projects) often made in studio through the normal review process, each project was subsequently given time for 
reflection during the lecture program, prior to the introduction of new material.  This reflection process was deemed 
highly important as it was a key element in supporting and clarifying the cognitive schemata as formed by the student 
during the process, giving the program space to breathe and explore ideas.  The model for this reflection process 
once again was peer-learning, that students were given a voice and presented their exercise and solutions to the 
audience as a whole, the debate facilitated by the lecturers, the students involved in the exploration of new solution 
types and schemata.  The aim was not to dictate right from wrong (except where it was glaringly obvious that there 
were fundamental errors with the solution type) but to encourage exploration of the number of possible solutions in a 
rigorous manner, i.e. that environmental design is a complex system involving a myriad of causal interactions.  
Attention was paid to reflection sessions after major reviews, that the lecture became the forum for clarifying points 
about marking, exploration of solution types that had not met the requirements, and using the best work as inspiration 
and guidance for subsequent projects.  Students had full access to the environmental discussion group that is part of 
the university’s portal system.  Salient points could be explored between students, and if any misconceptions arose 
these would be intercepted by one of the environmental design tutors. 
 
All of this was facilitated by making the module, its purpose, the journey students were about to embark on, its 
pedagogical base, and its relevance to studio explicit at the beginning of the year.  Ultimately, the authors can say 
with confidence that the interrelated environmental design studio programme created work of outstanding quality.  
Weaker students demonstrated that they could approach architecture in an environmentally creative manner – they 
showed evidence of understanding and ability to express their ideas through the creation of creative solutions in both 
their journal and design.  The best students excelled at the task, showing that they had engaged in independent 
study that informed the development of their design proposals, this highly evident from the work developed in their 
design journals.  Overall, the school deemed the integrated module a resounding success. 
 
5. CONCLUSIONS 
In gross terms the work described here might be likened to one of putting right an existing dysfunctional programme 
built around project- or problem-based learning that had been practiced by the School for a considerable period of 
time. It is possible that many of the underlying issues and tensions stemmed from changes to the manner in which 
studio and lecture programmes addressed each other. This may have resulted from the introduction of modularisation 
in the early 1990s and then been exacerbated by increased student numbers brought about by recent expansion of 
the UK higher education sector. Some of the factors influencing the success, or otherwise, of problem-based learning 
have been reviewed by Camp (1996) and make an interesting comparison with the lessons learned here. 
 
Motivation: prescription requirements imposed by accreditation bodies steered the School towards pedagogy based 
around problem-based learning and introduced a strong motivating factor to make the proposed strategy work. 
 
Leadership: implementation of the many changes to both practice and attitude necessarily required the buy-in of a 
large number of academic staff and practitioner studio staff. A coherent structure for an integrated approach to 
lectures and exploration in studio formed the essential pre-requisite to initiate the process, however, leadership on 
the part of the School management and key staff responsible for delivery ensured it was fully implemented. 
 
Personality: effective use of lecture time and the creation of strong links to studio have necessitated a radical change 
in lecture delivery. This required those responsible to be selective about both what material was covered and the 
manner of this coverage. Lecturing through discourse and debate where students are provided with significant 
opportunity to participate is not to everyone’s pedagogical taste or skill base, however, it is viewed as an essential 
contributing factor to the success of the strategy. Similarly, the willingness to make space for and to nurture 
environmental design ideas within studio does not sit comfortably with all practitioner studio tutors. Many of the fears 
expressed were allayed by careful creation of the syllabus, focusing on passive environmental strategies and 
developing these in a creative but rigorous manner - in a manner where practitioner tutors helped shape assessment 
briefs and felt qualified to support the student work.  
 
Relationship: perhaps the greatest development in practice has been the collaborative approach adopted in 
establishing a coherent link between the delivery of material in lectures and its translation into design within studio. 
The underlying reason for this success has been the establishment of a pool of lecturers and practitioner studio tutors 
who assume joint ownership for the process. Unlike the diametrically opposed views and approaches described by 
Stevens (1998), creating an ethos of collaboration in working towards a common goal was essential. This was 
achieved by careful selection of staff to undertake the exercise and it is hoped that in future this can be strengthened 
by retaining the services of future cohorts of graduates working locally to serve as practitioner tutors.  
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ABSTRACT: Research in pursuit of an effective response to the demands for a sustainable 
architecture has lead towards the conception of a Renewable, Adaptive, Recyclable and Environmental 
(R.A.R.E.) building typology. The term R.A.R.E. expresses issues that have assumed central 
importance in the current architectural debate. This paper establishes the principles of the typology, 
drawing on the contents and pedagogical methods applied in a building technology academic course, 
at fourth year level. The R.A.R.E methodology is presented to and explored by students in the search 
for a definition of an innovative architecture, which is both progressive and sustainable. The unit is 
structured into eight subjects: Sustainable Site & Climate Analysis; Flexible & Adaptive Structural 
Systems; Renewable & Environmental Building Materials; Modular Building Systems; Innovative 
Building Envelope Systems; Renewable & Non-conventional Energy Systems; Innovative Heating, 
Ventilation & Air Conditioning Systems; Water Collection & Storage Systems. Through a holistic and 
integrated approach, the unit presents a comprehensive overview of these ‘Sustainable Building 
Categories’, so that the students can produce a guide towards the design requirements of a 
Renewable, Adaptive, Recyclable and Environmental (R.A.R.E.) Architecture. 
 
Conference themes: The indicators of sustainable building, Education of future architects 
Keywords: Sustainability, Architecture, Building Technology, Integration 
 
 

1. INTRODUCTION 
A project which measured 10 relocatable schools within the Melbourne suburban region indicated that, although 
architecturally questionable, the buildings exhibited low energy consumption (Luther, Fuller 2003). This project 
triggered off the idea that individual buildings of this size could, in fact, become examples of renewable and 
sustainable architecture. The fact that tens of thousands of the same typology have been manufactured over the last 
decade would suggest that any improvements to this building type could indeed have a multiplied impact. 
 
After several years of contemplating avenues for further research into the exploration of relocatable structures, the 
idea of applying these concepts to a university unit developed. The proposal extended further into subjects involving 
not only the energy consumption, but also the site, the climate, the use of resources and materials, the construction 
techniques, as well as the implementation of efficient systems for climate control and water use. As a result, a new 
building typology and design process evolved, that could potentially lead towards an innovative and progressive 
architecture described as being Renewable, Adaptive, Recyclable and Environmental (R.A.R.E.).  
 
The acronym R.A.R.E. is consistent with architectural forms based on adaptation to human needs and environmental 
changes evident globally in different cultures and ages. The Tepee of the North American Plains Indians, the Bedouin 
Tents of Northern Africa, or the Yurt of the Mongolians, were, and still are, easily constructed of pre-made pieces, 
completely built of renewable materials, and easily disassembled for convenient re-use and extended life cycle. 
However, although these built structures manage to exemplify some of the concepts that lie behind a R.A.R.E. 
Architecture, a more interrelated and sophisticated interface between the building components and the external 
elements is required to satisfy all the complex functional needs that are inherent to the contemporary living. 
 
This paper draws on the contents and the pedagogical methods applied in a fourth year unit of Building Technology 
(SRT 450) at the School of Architecture & Building, Deakin University. The overall objective of the unit is to present a 
comprehensive overview of eight subjects (Sustainable Building Categories), derived as relevant to the research and 
development of a Renewable, Adaptive, Recyclable and Environmental (R.A.R.E.) Architecture. These subjects are 
introduced in the course and then implemented by the students in the development of a roadmap towards the design 
requirements of a R.A.R.E. building type. 
 
This paper establishes the principles of this typology, presenting the eight Sustainable Building Categories as they 
are introduced and interactively discussed in the teaching unit. It also identifies the potential of a holistic approach to 
the range of systems and choices that can contribute to the definition of an innovative architecture, which is both 
progressive and sustainable; in other words, Rare. 
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2. R.A.R.E. ARCHITECTURAL EDUCATION 
Today, architecture is expected not only to serve the simple task of a filter against the elements, but also to provide 
the service functions that we are accustomed to. As the limited resources of our planet are now acknowledged, 
scientific and technological advances should contribute to make our buildings become energy resources, instead of 
‘consumers’ (Hawken, Lovins, Lovins 1999). 
 
2.1. The demand for R.A.R.E. Architecture 
It is in R.A.R.E. Architecture that we can identify the realisation of sustainable design concepts and technologies. 
However, this innovative and integrated approach to building design cannot further develop and gain higher social 
acceptance without correct planning and smart, clear, presentation of its benefits (Orr 2004).  
 
A major problem faced with achieving a R.A.R.E. Architecture is the complex consideration in design prerequisites of 
“green” principles such as water collection, renewable and effective power systems, optimised operational 
performance of strategies, and so forth. Too often their implementation actually occurs only after the pre-design 
scheme of the building, so that embracing such principles is made difficult to the extent that the so-called ‘ESD’ 
(Ecologically Sustainable Development) mandates are often considered just as an added bonus to gain more points 
in rating tools. To overcome this situation, a basic change of attitude has to happen in the mind of designers.  
 
To become R.A.R.E., the design of a building has always to be considered as an iterative and holistic process able to 
thoroughly integrate in architecture the opportunities offered by technological advances, optimizing the use of the 
accessible resources and contributing to the physical, physiological and psychological well-being of occupants. 
 
2.2. A Building Technology Unit 
Building Technology 4 (SRT 450, School of Architecture and Building, Deakin University) is a design-oriented unit 
investigating the implications of technical systems applicable to facilities of medium to high complexity. The design of 
buildings as total systems, in a context of environmental efficiency and social and economic sustainability, forms its 
content. The aims of the course bring technology and design together within the framework of the Building Systems 
Integration (BSI) model described by Richard Rush (Rush 1986), which considers buildings as holistic systems (see 
Figure 1). 
 

 
Source: (Rush 1986) 

Figure 1: R. Rush’s four building integrated systems 
(Structure, Envelope, Mechanical, Interior) 

 
In Rush’s agenda, the building systems participate in fulfilling the performance of several mandates: spatial and 
thermal comfort; indoor air quality; acoustical and visual performances; building integrity; human well-being criteria; 
physiological, psychological, sociological and economic needs. Nevertheless, although these mandates are deemed 
useful, the recognition of the environmental pre-design influences together with the analysis of climate and site 
remain vague in the BSI model. In response to this, the theoretical framework of SRT 450 is revised upon eight 
subjects derived as relevant to the research and development of a R.A.R.E. Architecture: 
 

• Sustainable Site & Climate Analysis; 
• Flexible & Adaptive Structural Systems; 
• Renewable & Environmental Building Materials; 
• Modular Building Systems; 
• Innovative Building Envelope Systems; 
• Renewable & Non-conventional Energy Systems; 
• Innovative Heating, Ventilation & Air Conditioning; 
• Water Collection & Storage Systems. 

 
The subjects are addressed as Sustainable Building Categories. Together these categories form a building typology 
that is responsive to environmental needs and potentially innovative in the use of new and existing technologies.  
 
In order to guide the students towards the design of a R.A.R.E. Architecture, the course structure offers a 
comprehensive and interactive overview in all of these categories. A particular subject begins with a two hour lecture, 
followed by a workshop where problem solving and brainstorming are implemented by small groups of students, 
within larger tutorial classes, under the guidance of lecturers and tutors. The workshop tutorial mode facilitates three 
to four groups of students who brainstorm a particular solution to a specific problem. At the end of the workshop 
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session, each of the groups presents its outcomes with feedback from the rest of the class. A single group is 
assigned to compile the collective work to be presented at the next tutorial session the following week. 
This teaching method contains a three-fold principle where content is introduced, it is work-shopped and finally 
refined in a presentation format. The information is collated electronically and provided as a reinforcing reference for 
all students in the production of their final assignment. 
 
The objective is for the student to become familiar with a diverse range of possibilities offered through technology and 
design innovation in the production of a sustainable building typology (Fien 2001). Although the outcomes could lead 
towards the design of a new building, this is not the intention of the course. Rather, the students are assigned to 
produce their own program towards the definition of a R.A.R.E. Architecture, collecting and processing information 
gained throughout the unit into a comprehensive guidebook on this new building typology. It is expected that the 
resulting roadmap could guide a designer or educate a client in the implementation of R.A.R.E. buildings. 
 
3. SUSTAINABLE BUILDING CATEGORIES 
Drawing from lectures, tutorials and student presentations, the contents of the unit are presented next in detail on the 
eight Sustainable Building Categories (SBCs), providing insight to an integrated approach as related to the 
production of a progressive and sustainable architecture. 
 
3.1. Sustainable Site & Climate Analysis 
The development process of a R.A.R.E. Architecture starts with the analysis of the site, exposure, orientation, the 
existing vegetation, climatic and topographical factors, local constraints and the range and availability of ecologically 
sustainable forms of energy as viewed in relation to the duration and intensity of their use (Olgyay 1963).  
Three categories need to be assessed in relation to the specific location of the building:  
 

• Microenvironment (latitude, orientation, vegetation, landform, landscape, surrounding elements); 
• Natural Resources (solar, wind, water and material accessibility); 
• Operational Parameters (building parameters, local habits, culture, metabolic activities). 

 
After the evaluation of site criteria, it is essential to consider climate advantages or constraints. An approach founded 
on an hourly analysis as related to potential passive and solar strategies is provided through the use of specific 
software packages (Balcomb 1998). The application of computer programs such as ENERGY-10 and ECOTECT 
teaches students that the achievements of comfort and reduced energy use begin with passive building design 
regarding material composition, natural ventilation, and optimized control. 
 
Figure 2 illustrates one of several outputs on climate analysis of the ECOTECT program. This figure plots all the 
operational hours of the building for a given climate on the psychrometric chart. The comfort zone is ‘expanded’ (as 
outlined) through the implementation of various building and low energy control strategies (ECOTECT Software). 
 

 
Source: (ECOTECT) 

Figure 2: Comfort conditions charted on the psychrometric chart 
for select passive design and control strategies.  

 
3.2. Flexible & Adaptive Structural Systems 
As mentioned earlier, Richard Rush in his BSI theory describes four basic systems that all buildings are comprised of: 
Structure, Envelope, Mechanical and Interior (Rush 1986). This methodology provides five basic relationships 
amongst these systems, that respectively may not physically touch (Remote), touch but without a permanent 
connection (Touching), be connected by a physical means but still keep their individual character (Connected), be 
woven together and occupy the same space (Meshed), or combine to produce one entity (Unified) (see Figure 3). 
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Source: (Rush 1986) 

Figure 3: R. Rush’s five levels of system integration 
 

The most common structural system combination is with the envelope, considering its ability to be load-bearing 
and/or contributing to the stability and rigidity of the building. However, other structural combinations such as with 
mechanical systems (e.g. hollow core slabs), voids for cable and hydraulic services (e.g. HVAC), or water storage 
systems (e.g. tanks) can coexist, achieving a complex level of integration within the ‘backbone’ of the building. 
 
Tutorial sessions facilitate solutions to be work-shopped. Such is the case for developing the criteria to be considered 
in structural systems. Students are asked to formulate their findings into an evaluation matrix. As a result, a structural 
system is not only recognised for its supporting capabilities, but also for other criteria such as its material reuse, 
permanence, toxicity, etc. When considering the building foundation, for example, a permanent structure is often 
implied. Contradictory to this, a R.A.R.E. foundation system may be one which explores the materials as well as the 
capabilities of the system to be flexible, adaptive and temporary. This diagnostic approach broadens the thinking and 
analytical capacity of the students, whilst also assisting in developing a program of criteria to be considered when 
addressing structural systems. Figure 4 illustrates an evaluation criteria matrix for structural systems as produced by 
the students after a brainstorming session. 
 

 
 

Figure 4: Structural system evaluation matrix  
 

3.3. Renewable & Environmental Building Materials 
The selection of materials to be used in a specific building is a choice based on a number of aspects that need to be 
collectively considered according to the nature of the project. Some of these considerations include the efficiency of a 
material, its size, availability, structural integrity, toxicity, and its degree of integration with other building components. 
However, other considerations such as appropriateness, cost, embodied energy, construction labour, and, obviously, 
aesthetic concerns, may constitute deciding factors for the use of a material (in one of the workshop tutorial sessions, 
over 45 criteria towards the evaluation of materials were derived). 
 
Figure 5 considers the basic categorisation of materials as either ‘natural’ or ‘man-made’. In general, natural 
materials, needing little or no processing, are considered to be more “environmentally friendly” resources provided 
their growth or harvesting method is sustainable. Man-made products, on the other hand, have in general a high 
process rate which implies vast embodied energy and often a higher environmental impact. In both cases, in terms of 
safety and maintenance, it is important to consider that over time materials will inevitably degrade, releasing particles, 
gases, and, if not properly processed, liberate chemicals, VOCs and other toxins into the environment. The choice of 
a material should then consider what is actually in the product and the procedures that are needed to replace it, fix it 
and eventually seal off-gassing of dangerous substances into spaces (McDonough, Braungart 2002). 
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Figure 5: A partial list of the two primary categories (natural & man made) for materials 
 

All things considered, the selection of materials is a difficult task, basically relying on the application to dictate their 
appropriateness. Encouraging an environmental sensitive approach, the unit invites students to always estimate both 
operational and whole life-cycle properties of materials and products, in accordance with the “three Rs” (Reduce, 
Reuse and Recycle) method that can guide designers to minimise waste, save energy and resources and build in a 
more sustainable way. 
 
3.4. Modular Building Systems 
A modular system consists of a series of standard units, the module, repeated in whole or in part in a way that 
standardises and gives logic to a whole unified structure. Modular building systems need appropriate consideration in 
terms of joints, connections, adaptability and interchangeability of elements in order to perform effectively and make 
the whole being greater than the mere sum of its parts (Bachman 2003).  
 
Modular Building Systems are primarily characterised by the capacity of being adapted, modified and replaced easily. 
Amongst the various systems available, examples are the Wall Panels Modules, where the module consists of an 
envelope plan of standard size and shape acting respectively as flooring, roofing and walling; the Structural Frame 
Module, simply comprising the construction elements necessary to provide form and resist to external forces; and the 
Cellular Module, consisting of an entire integrated unity that can be reproduced into a series to create larger scale 
structures with provisional or permanent fixings and foundations.  

 

 
 

Figure 6: Wall Panels, Structural Frame and Cellular Module Building Systems 
 

The order of composition of modules may be altered and adapted according to the specific need and/or 
circumstance. This characteristic means that a single unit can eventually be removed and/or replaced with the 
remaining modules still being able of providing the service. Modular systems allow all the elements that compose 
them to be isolated without adverse complication to the whole. In addition, modular systems allow for shorter times of 
construction (temporal and physical efficiency), a property easily translatable into reduced energy consumption and 
wastes. Finally, modularity can facilitate maintenance and/or replacements of components and also allow for flexibility 
and interchangeability of spaces, assets that often contribute to prolong the life cycle of a building.  
 
Within SRT 450, students explore modular systems primarily in their ability of being adapted, modified and replaced. 
As a matter of fact, regardless of application and context, architecture is almost by definition an enterprise that 
involves the organisation of small, uncomplicated units into larger, sophisticated systems or structures. From this 
perspective, the brainstorming sessions investigate the manner in which this process can be formalised and 
rationalised into modular construction and prefabricated renewable building design and development. 
 
3.5. Innovative Building Envelope Systems 
The building envelope provides a fabric that acts as an interface, a filter between internal and external environments 
able to control energy flows that, directly or indirectly, enter (or leave) an enclosed volume. From a functional point of 
view, a building envelope should be designed in order to provide a controlled amount of daylight into spaces, view, 
mechanical security, noise reduction, thermo-hydrometric comfort, and (psychological) protection.  
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To achieve these objectives, the design of the building envelope may be based on the use and exploitation of 
passive, active or inter-active techniques. 
 
Traditionally, the external skin of the building has often been considered as a passive and static barrier against 
external agents, protecting the internal volume from the outside elements and reducing heat losses and/or gains. This 
‘conservative’ building envelope was based on the use of thick and massive walls, with just a few openings, in order 
to store heat during the cold season and avoid excessive solar intrusiveness during warmer periods of the year 
(Banham 1984). Nowadays, technological and environmental research, together with a more mature awareness of 
our role on a planet of finite resources, considers the skin of the building not as a simple inert shelter protecting from 
atmospheric agents, but rather as an open membrane, permeable, selective and in active interaction with climatic 
factors. An innovative building envelope system has to establish an “agreement” with its surrounding environment, 
changing its functioning and adapting to contextual situations to regulate energetic exchanges through form, 
orientation, exposure, openings, etc. A dynamically-interacting anisotropy of solutions will often mean lower energy 
use in a building and reduced greenhouse gas emissions. 
 
An opportunity exists for our building envelopes to evolve as dynamic responsive systems, integrating passive 
principles and active/inter-active mechanical technologies within the outer ‘skin’. During SRT 450 tutorials, students 
are asked, as a first step, to compile a list of functions which the building envelope should provide and then to 
categorise these functions into either ‘passive’, ‘active’ or ‘inter-active’ façades system technologies. Finally, the 
students workshop the design of such façade systems and evaluate them against their developed set of criteria. 
 
3.6. Renewable & Non-conventional Energy Systems 
Renewable and non-conventional energy systems are represented by sources of energy that can be exploited 
without reducing or exhausting their point of origin. Their use represents fundamentally an attempt to replace 
traditional fossil fuels (e.g. oil, gas, coal) with replenishing sources collected directly on site or in centralised areas 
with little or no environmental impact. 
 
The intention here is to make the students aware of the type of energy needed or used by buildings. The concept of 
exergy (not energy) is thus introduced; exergy is the principle of energy quality and of entropy implying that energy 
will divert and degrade towards a lesser quality until it reaches equilibrium with its surroundings (Perrot 1998). When 
examining the total thermodynamic system efficiency in the conditioning process of our buildings, it is realised that 
very little temperature differences are required between external and internal conditions. Generally a 10-20°C air 
temperature difference between the interior and ambient will cover most of the needs. Therefore, it is ludicrous (and 
almost criminal) to apply a high grade energy source to heat or cool the buildings. Unless the conditioning system 
can provide a 1:4, or greater, energy input-output ratio, this strategy should probably not be considered. 
 
Solar hot water systems, phase-change materials, convective air collectors, thermal storage, are all low energy 
systems which can provide conditioning to a space. These systems do not require high grade of energy such as 
electricity as their main source of fuel. An example considering the categories of energy used to condition a building 
is shown in Figure 7. Here, a simulation of the energy consumption for both a typical and a low-energy building, using 
ENERGY-10, is shown. A further analysis indicates (circled on Figure 7) those categories of energy use which could 
be supplied by solar thermal processes, reducing the need for electrical (or conventional) energy altogether. 
 

 
Source: (Energy-10) 

Figure 7: Energy Consumption Categories for a Standard and Low Energy Building  
 
Although similar in concept, the utilization of renewable energy systems differs radically from the passive techniques 
of thermo-hygrometric regulation mentioned above in regard to building envelopes, since, in this case, the natural 
forms of energy are directly exploited to produce the electricity needed to run appliances or mechanical devices. The 
power generated can be employed directly on site, or, in case of excess production, sent to the grid.  
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Currently available renewable energy sources are portrayed by the four elements identified by the Greek 
philosophers in the 4th-5th century B.C. as the basis of our globe: Fire, Air, Earth and Water (Howell 2003). 
 
Solar energy (Fire) can be actively harvested to produce electricity through PV cells, or passively exploited by direct 
(or indirect) solar gains. The luminous part of solar energy, moreover, can be utilised through specific daylight design 
and the use of advanced light-distribution devices such as light shelves, laser-cut panels and new daylight 
transporting polymers. Such devices may have a tremendous potential to reduce electrical demands. Wind kinetic 
energy (Air) can be easily transformed into electricity by the use of standalone horizontal/vertical axis wind turbines or 
building-integrated systems. Geothermal energy (Earth) can be produced via heat and steam generators, radiative 
transfers, bio mass (plant matter and animal waste combusted to produce energy or anaerobically “digested” to 
generate methane-rich biogas), landfill (production of methane when organic wastes decay), etc. Water kinetic 
energy (Water), finally, can be obtained by hydro-generators, wave and tidal power, flowing supply generators, etc. 
The above systems all ensure reasonably good levels of performance. Obviously, more specific renewable and non-
conventional energy systems are also identified (such as fuel cells), and some of them are already marketed, even if 
their working principles are often more complex and not yet applied on a large scale (Smith 2003).  
 
According to these considerations, students are taught that almost every building location can have access to one or 
more non-conventional energy source, although often a more environmentally-aware attitude in our daily habits, 
decisions, and appliance management can represent a more renewable practice of the available energy strategies. 
 
3.7. Innovative Heating, Ventilation & Air Conditioning 
Heating, Cooling, Ventilation and Air Conditioning of buildings are all fundamental strategies to provide acceptable 
interior conditions for the occupants in terms of thermo-hygrometric and air quality comfort. Unfortunately, too often 
contemporary buildings rely solely on standalone oversized motorized plants to compensate for poor design 
operation. However, it is the integration of both passive and active technologies that seems to represent a valid 
alternative to overcome these deficiencies, a choice that may also be economically based (reduction of energy bills), 
other than just environmentally sensitive (less CO2 emissions) (Smith 2003). 
 
Thoroughly designed hybrid HVAC systems, in fact, exploit natural forces (when available) to assist, if not totally 
replace, traditional mechanical services, relying on passive principles to the benefit of the building and its users, while 
also reducing initial and ongoing costs due to a significant cut in the dimensions of installations and smaller 
maintenance requirements. As an example, energy air-to-air recovery systems allow the conditioning of incoming air 
up to 80% of the exhausted internal air conditions. 
 
In terms of heating requirements, a hybrid system can (at least partially) rely on passive strategies to control the 
temperature inside buildings. For example, in temperate climates, direct solar gains through greenhouse effect 
(glazed envelopes, winter gardens, etc.), thermal mass to temporally regulate heat distribution (heavyweight 
construction, Trombe walls, etc.), and solar chimneys to create convective air circulation (double skin façades), can 
strongly assist mechanical fans and heaters to maintain a desired internal microclimate. In warmer climates, roof 
ponds and gardens (both basically relying on thermal mass and evaporative cooling techniques), earth cooled 
ventilation (sub-ground vents and labyrinths), together with innovating devices and systems such as phase change 
materials (PCMs) and shower towers, can effectively contribute to reduce the energy needed for cooling the buildings 
down to levels of well-being for the occupants. 
 
Obviously, the unit emphasizes that none of these strategies is necessarily new, nor it represents a striking revolution 
in the design of HVAC systems. However, in a holistic approach to design, the interest lies in how these systems can 
be integrated with one another, working together and assisting each other in the creation of a more comfortable 
space for users that is energy conscious but also interesting and innovating in terms of its architectural qualities. 
 
3.8. Water Collection & Storage Systems 
Water is a vital element for life and is a fundamental resource in all inhabited buildings. Its uses and functions are 
extremely numerous as are the potential integrations with other system elements. 
 
Direct traditional uses such as drinking water, personal and general cleaning, sanitary purposes, garden watering, 
etc., can be potentially extended to the combination with heating and cooling systems (mechanical HVAC), with 
envelope components (thermal mass) and with structural elements (water-filled tanks). Nevertheless, in many 
locations (as Australia) water is a resource as precious as scarce, so reduced consumption (water saving shower 
heads, tap fittings and appliances), elimination (continuous or batch compost toilet), improved efficiency, reusability 
and disposal are becoming common issues.  
 
Even in the daily domestic use, water could be (almost) continually recycled and treated instead of being wasted after 
the first use; however, potable water is, at present, used for practically every task in the household (see Figure 8). 
 
The grades of water qualities are described in detail within SRT 450. Potable fresh water is generally considered to 
be of the highest grade of pureness, and should be only used for direct drinking consumption (without wastes), even 
though personal cleaning purposes (showers) may also be acceptable. Fresh water can enter the house directly from 
the mains or can be obtained through treatment and/or filtration and appropriate storage of available rain water 
caught off any suitable rooftop or façade (if not containing contaminants such as chemical or toxins). Some of the 
appropriate treatments of rain water include sand, UV and standard fibre filters, and full processing units. 
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Figure 8: A diagrammatic solution to water use and its recyclability 
 
Grey water is represented by collected wastes from basins or other excess water (excluding toilets and kitchen sinks) 
containing no excrement, solid or chemical contaminants. Grey water can be initially treated and stored under specific 
conditions for latter use (to avoid the growth of bacteria), or rather directly employed for washing machines or toilets 
flushing. Excess fresh water and grey water, as previously mentioned, can be used as vector fluid in circulating 
HVAC systems (i.e. radiant floors or ceilings), being, for example, pre-heated by solar collectors (water has a high 
thermal capacity). 
 
Black water, finally, contains solid contaminants and human excreta, and so its reuses should be rather concentrated 
on the out of doors (i.e. gardening purposes). Black water requires treatment and disinfection before re-use and can 
be processed through chemical or natural means (for example, reed beds). In addition, black water could also be 
used as a renewable energy source exploiting its gaseous outputs (Bio Gas). 
Within SRT 450, students are asked to workshop solutions at a highly integrated level, considering the complete (use 
and reuse) water cycle in the building. The lesson learnt from this exercise suggests that efficient water use can 
provide major environmental and economic benefits, helping to reduce our impact on the ecosystem, improve self-
sufficiency of buildings and protect vital drinking water resources.  
 
CONCLUSION 
The eight Sustainable Building Categories have been presented here at a reasonably basic level, and eventually 
many of them could also have been further broken down into more precise definitions and detail. However, the intent 
of this categorisation is not simply to suggest the most appropriate method of analysis, a recipe applicable to every 
contextual situation, but rather to propose a holistic attitude to the range of systems and choices that can possibly 
contribute to the whole, or a part, of a R.A.R.E. design process. 
 
In substance, the SRT 450 unit – whose contents and teaching approach have been described in the paper – wishes, 
firstly, to emphasize the opportunities offered by design and technical decisions to improve the overall sustainability 
of built environments, contributing to energy efficiency and making an effective use of the available resources; and, 
secondly, to make the students understand that building technology is neither an obstruction to design nor it is 
incidental. For this reason, the illustrated pedagogical system, other than disseminating and consolidating notional 
principles, has been developed to provide the by-product of enhancing analytical skills of students, with a scope that 
possibly goes beyond the confines of an academic course and can be directly converted in the practice of design. 
Essentially, in integrated buildings – whether the technology is celebrated or concealed – structure, services, 
envelope and interior form an interconnected part of the architectural design, and each system contributes and 
interacts with the others rather than behaving as an individual entity. Performance is the primary motivating factor for 
building integration as many design objectives, such as comfort, efficiency and appearance, cannot be fulfilled 
without the entire building performing as a whole.  
 
R.A.R.E. Architecture has to be considered as the product of an integrated design exercise, a composite of both 
passive design strategies and active adaptable technologies where all systems and categories do, whenever 
possible, relate and work with each other, a prerequisite which is fundamental unless we want this innovative and 
sustainable design process to remain actually Rare.  
 
To become Renewable, Adaptive, Recyclable and Environmental, buildings have to be designed according to a well-
considered approach where the potential implications of each component, and, therefore, of each design decision, is 
carefully measured in relation to climate, site and a range of other concepts, adjusting to meet challenges and 
requiring a minimum of external resources for continued operation. Sustainability here is assuming a wider sense; not 
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only reduction of consumptions, wastes and emissions, but rather appropriateness to the use, adaptability, 
maintainability, and actual “buildability” of the architectures we design. 
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ABSTRACT: Building environmental services can often be categorised as ‘one of the least desirable 
courses’ in the curriculum of architecture and building. Nevertheless, it is also one of the most 
important and confronting subjects in the procurement of real building projects. The principal message 
to designers is that of spatial requirements while to the builders it may become one of capital cost, 
installation specifications and maintenance of equipment. Getting these concepts across in a creative, 
yet project oriented, manner can be challenging to the students and to the lecturer. This paper presents 
the developments of ten years of teaching the subject, as well as the methods of delivery which have 
proven to be successful. 
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INTRODUCTION 
Teaching building services to architects and builders can present quite a challenge for a lecturer. The desire to 
engage with the services and mechanical aspects of a building is often of little interest to the student who has 
intentions of landmark designs. Building services are considered by architecture and building students as the 
engineer’s duty and responsibility. This lack of interest in the subject can become quite an onerous and undesired 
task for the lecturer to overcome. So why is it that we require this subject in the curriculum of architecture and 
building? 
 
Certainly, the answer to the above question is quite obvious to the experienced architect and builder. At the 
experienced level, such a person has confronted the realities of making buildings work and providing the services to 
do so. In this process, the experienced architect or builder has recognised the ramifications of neglected planning for 
services and the consequences of ignorance of such in the procurement of buildings. This foresight, or lack of it, is 
very real in the profession. However, it does not serve a convincing argument to the student who has not 
encountered such experiences. How can a course in the subject matter convey its importance at the level of a 
student? 
 
The answers lie in establishing an interest and appreciation for the subject. This requirement may be above and 
beyond other courses such as the design studio, history, and construction, where the course material appears 
directly related and automatically accepted to be part of the curriculum. Convincing the architect and/or building 
student that they are to become the future leaders in the processes leading towards sustainable architecture is the 
first step. If a student or practitioner is not aware of the functioning of a particular service, and whether it is required or 
adequately sized, there is no appreciation for it. If we do not appreciate the functioning of a service, we remain 
ignorant to how it can be improved or better integrated into our buildings.  
 
Since services comprise the major energy component of our buildings, the need to reduce or replace this energy 
requirement with renewable energy sources is fundamental to sustainability. Therefore, students and practitioners 
who do not have some understanding of the servicing equipment (efficiency, load requirements, schedules of 
operation, location, etc.) in their building, are not even remotely prepared to encounter a rethinking of service design 
and its integration. Such architects and/or builders have in ‘blind faith’ left several serious components of 
sustainability for ‘others’ to resolve, and will never engage (nor would it be possible from them to engage) in a 
progressive and innovative project. 
 
It is important to obtain student awareness of their future role and responsibilities, as an architect or a builder, related 
to building services. This can be accomplished partially by realising their impact and decision making role in the 
procurement process of building services. Furthermore, by studying and experiencing the services installation (on 
real projects), they are confronted with such responsibilities through various consultants and reflect upon their own as 
an architect or builder. 
 
In conjunction with their awareness of a planning process, getting the student to recognise that there is a significant 
spatial requirement among building services is of fundamental importance. Once this spatial requirement is 
acknowledged and furthermore ‘experienced’, the student begins to accept his role in the subject matter. It is believed 
that such can only be accomplished through physical experience, hence calling for project-based learning. When the 
student has gained an appreciation for the spatial requirement of building services it is important to move on to 
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understanding why such requirements are needed. After the ‘realisation’ for building services has taken place, the 
next step is to learn the roles and functioning of each service and its location in the building. 
 
This paper aims at outlining a step-by-step project-based assignment directed towards building services. The 
discussion will centre on a major project which is undertaken by groups of students in the architecture and building 
course. Generally, groups of 4-6 students are comprised from both the architecture and building courses. Each group 
is assigned a commercial building which contains the requirement of transportation (lifts), fire, HVAC (mechanical air 
conditioning) and electrical, communication, and water services. Such a reporting task can become quite an 
overwhelming assignment for the students. This paper proposes a method on how to breakdown and conquer this 
huge task among each of the student groups. 
 
1. COURSE CONTENT AND PROJECT OBJECTIVES 
The course text, Building services: a guide to integrated design by Dr. P. Parlour (2000), provides a clear mission to 
the students. His main statement establishes that building services are in fact very real entities, take up floor area, 
volume, and, above all, require careful planning within the design concept of the building (Parlour 2000). This 
requirement is furthermore supported through the introductory lecture, where examples of services and their location 
throughout several buildings are presented. A guiding phrase of the unit for the student is to ‘explore the uninhabited, 
behind-the-scenes, portions of the building’.  
 
The specific aims of the course as stated in the unit outline are supportive of this theme: 
 
a) Emphasise buildings as a total expression of integrated systems & services; 
b) Explain the operation and function of technical service systems applicable to buildings of medium to high 

complexity; 
c) Emphasise the planning, location of equipment, accessibility and the occupied area for the particular service 

within the building; 
d) Building systems integration is viewed as a study in system design analysis in terms of optimal organisation, 

energy efficiency and sustainability. Such is presented in relation to a particular service and its application in the 
context of various building types and occupancies. 

 
Due to the increasing numbers of student enrolments in the subject, as well as catering to the curriculum of two 
courses in the School of Architecture and Building, project-based group work has become essential (Tucker, Rollo 
2005). The students perform individual assignments throughout tutorial and lecture sessions, comprising 20% of the 
course marks. One of the more successful individual assignments introduced to the course is the ‘How Does it 
Work?’ presentation, in which students explain the functioning of a particular service or system to the rest of the 
class. 
 
The major building assignment involves groups of 4-6 students, investigating the services of a real building. These 
buildings are generally hand-picked by the lecturer after having been cleared by the building management staff. 
Students are asked to develop a list of questions prior to their visit with the building manager. They are also 
encouraged to sketch the major circumstances, which can also be accompanied by digital photos. Of prime 
importance is obtaining a layout (floor plan) of the building. However, since quite often the drawings of a project are 
not released and are not allowed to leave the premises, building managers are asked to provide a place on the site 
for students to study, review, and redraw the required building information. 
 
In the early years of the course development, 6-8 students studied a particular building, gathering information as a 
group, but processing and reporting results individually. This resulted in a substantial amount of repetitive material as 
well as a limited quantity and quality of information. In a sense 6-8 projects were graded which all appeared to be 
similar in content with very little value-adding to the subject matter. It wasn’t until the project buildings were assigned 
into groups that the level of information collected was on average 3-4 times that of individual assignments. The 
reporting methods, graphics, and organisation were also improved significantly for each building. It can therefore be 
concluded that this is an assignment benefited by group work. 
 
The objective for the major project is for the students to ‘explore the uninhabited portions of a building’ and to do so 
experientially. This project allows the student to see and learn through experiencing, researching, and conversing 
with others rearding the services of a real building. . Students, within their group, are often allocated to investigate a 
specific service (HVAC, fire, electrical, transportation, etc.). As a group, they will all be working on producing a 
presentation (in Power Point) of the services within a particular building. The dissemination of knowledge among 
these various services reaches all members of the group through the information processing methods provided in the 
forthcoming project outline explaination.. Furthermore, the standard, from non-group projects, is raised because each 
student focuses on a particular segment (only) of the total project.  
 
2. AN OUTLINE FOR THE MAJOR PROJECT 
Achieving successful outcomes on the major project took several years of teaching refinement.  
 
The management of assessment stages and their requirements needed to take place so that levels of performance 
expectations were understood by the lecturer as well as the students. Having the lecturer organise the building 
selection for the project is the single most contributing factor to the major project success. Once the building 
managers or owners accept the project and understand what is involved, the chance of student success in obtaining 
information is greater.  
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Although the organisation is an onerous task for the lecturer, it is advantageous, eliminating potential excuses and 
failures on behalf of the students.  
 
Experience has also shown that building managers are often interested in the student outcomes and are favourable 
to repeating the project in the following year. 
 
2.1. Major Project Areas of Investigation 
The ‘areas of investigation’ outline the expected building services to be studied. Often each group will assign a 
member or two to each of the following services:  

• Mechanical HVAC systems 
• System Zoning 
• Transport Services 
• Electrical Services 
• Communication and Building Control 
• Water Services and Usage 
• Fire Safety and Systems 

 
‘Doubling up’, where two members take on 2-3 of the major services together, often occurs. The organisational 
methods are anyway left for the group to decide: 
 
An additional guide to these areas of investigation suggests the information to be collected under each service. 
These are not provided in this paper, yet a ‘method of investigation’ probably provides the most important checklist 
for a comprehensive analysis of each service. The seven categories comprising the ‘method of investigation’ with a 
brief description are listed below: 

• System type: is identified and best explained through a hierarchical or overview diagram. 
• System components: are presented through an overview diagram and their operation is explained 

individually as part of a whole system 
• System Area / Volume: is identified through the 3-D model and calculated separately for each service. 
• Systems location and zoning: is identified through the application of a 3-D building carcass and floor plan 

areas, where individual services are identified and zones regarding the equipment location or operation are 
highlighted. 

• System installation: is in part explained through collaborative information and the 3-D building model 
• System maintenance: is provided through collaborative investigation with various building consultants.  
• System integration within the building: is explored experientially and studied through individual evaluation 

and assessment. 
 
The assessment considers how well each of the above ‘methods of investigation’ is addressed in the project output. 
Under each of the categories, a brief explanation in regards to the particular system is expected. These are further 
supported by diagrams, hierarchical charts, drawings and photos. The five W’s (who, what, where, why and when) 
are to be answered in the dialogue of the presentation. 
 
2.2. Major Project Assessment Intervals 
In order to assure progress as well as group project organisation, experience indicated that presentation reviews 
needed to take place throughout the semester. Although this appears to be cumbersome for the assessors, it is 
actually a time saving device. It provides for a student-lecturer familiarity with each project building and group, while 
also assuring a better quality product by the students. Generally after the second meeting, students obtain a pretty 
good understanding of the project. At each of the initial presentation sessions, the lecturer (assessor) has the 
opportunity to provide critique and suggestions on how the group performance and the method of investigation can 
be improved before the final product submission. 
 

Table 1: First Presentation Assessment Criteria 
25% 50% 75% 100% Maximum marks for section 
    Building Approval Established 

    Established Contacts - List  

    Access to information established 

    Group members organised 

    Development of interview / site questions 

    Template Design – Presentation & font 

    Template Outline - TOC 

    Template Navigation 

    Level of information collected  

    Group meetings – project time schedule 

    Group effort on presentation delivery 
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Once the students have been assigned a project building, they are expected to make immediate contact (generally 
with the building manager) in order to introduce themselves, establish approval and coordinate an initial meeting. 
While this is taking place, they are to consider the areas and methods of investigation in regards to developing a 
template in PowerPoint which will accommodate the required material. This process provides a useful outline (the 
individual templates) into which the collected material and information will be placed. Students are provided 
references to previous year projects for assistance to their own project template organisation.. This initial assessment 
presentation takes place within the first three weeks of the semester. The three presentation sessions are discussed 
below through the following assessment tables.  Table 1 provides the criteria for the first presentation. 
 
At about six to seven weeks into the semester, the second assessment presentation is held. Table 2 contains a 
similar format to that of Table 1, yet different information and progress on actual data collection and requirements 
within the project template are expected.  
 

Table 2: Second Presentation Assessment Criteria 
25% 50% 75% 100% Maximum marks for section: 
    Location of Building 

    Size of Building: m2,m3

    Development of 3D Model 

    Location of Services in 3-D model 

    Area of each service: HVAC, Elec. etc. 

    Service Overview Diagram - components 

    Hierarchy of system overview 

    Information integrated into presentation 

    Appropriate presentation & neatness 

    Group presentation efforts 

 
For some unexplainable reason, the largest struggle on most projects was to obtain a 2-D and 3-D modelling of the 
building examined. It took several years for the lecturer and tutors to realise that the major difficulty rested within the 
type of collected information on the services. Examining working drawings is often very complex, overwhelming, and 
a far cry from the simplification of the building floor plan, structure, and volume information required for this project. 
 
It wasn’t until the overall project objectives were revisited, that the message was re-established for students studying 
building services. Architects and builders are not engineers and relate three dimensionally regarding the placement of 
these services. A 3-D, carcass modelling of the building, without all its extraneous complexities, is all that is needed 
to represent the building shell, as a separate entity from the building services.. 
 
In the past, several groups have relied on sophisticated 3-D programs like Microstation and 3-D MAX to construct 
their models. Until recently, if the students among a group had limited CAD skills the results obtained would be 
mediocre at best. Nevertheless, through the use of a new program called ‘Sketch-Up’, a very simple software 
package, the students can easily provide the essentials of a 3-D model for this assignment. Due to the encouraged 
use of this simplified modelling tool, it has now been determined that the three dimensional model is a prerequisite to 
the final project submission, with the model development being part of the second review requirements. 
 
By the time the groups have experienced the first two review sessions, the requirements (in most cases) are clear as 
to what is necessary for the third review session. For this third assessment, it is important to obtain a near completed 
Power Point presentation. Generally, this presentation takes place in the 11th or 12th week (the final two weeks) of the 
semester.  
 
The final review is unassisted by students and evaluated by the teachers from a CD-ROM submission. For this 
review, the lecturer has time to examine the entire subject matter and assess the project in terms of its overall content 
and efforts. The final review sheet (not shown here) contains all the services of investigation as well as a peak load 
energy calculation category.  
 
3.  PROJECT OUTCOMES AND CONTENT 
 
3.1. Student Results 
When commencing the study of a particular service, it is expected that the student will revert to the seven ‘methods of 
investigation’. The first two methods - system type and system components - strongly suggest that a diagrammatic 
overview be established.  
 
An example of such an overview is provided in the hierarchical electrical diagram of Figure 1. This particular diagram 
is not uncommon in concept to what would be required of the remaining services. Such a diagram convinces the 
lecturer that the fundamental concept of a particular service and its organisation within the building is understood. 
Furthermore, it provides the student with an outline of the components to be investigated in detail. In the case of the 
electrical service example, it would be expected to have the following explained in detail: 
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• the main electrical switchboard 
• the transformers and circuit breakers 
• the gas co-generator system 
• cable trays and cable types 
• the main distribution board 

 

 
Figure 1: A hierarchical diagram of the electrical services (from course notes) 

 
 
Once the overall organisation of a service is considered by the student, a natural segue into applying the remaining 
‘methods of investigation’ occurs. The next step, constructed concurrently within the outlining of various services, is 
the development of the 3-D building model. As stated earlier, it is important for the student to bring this mental spatial 
image of the building services into a virtual 3-D model. Figure 2 provides a more finalised example of a model where 
all the major building services and their location have been identified. 
 

Water        3.5m3  (0.02%)* 

Electrical    16.5m3  (0.1%)* 

HVAC      305.6m3  (1.9%)* 

Fire         49.5m3  (0.3%)*

Transport  249.5m3  (1.6%)* 

 
Figure 2: A 3-D Model with major service location and volume 
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There are of course interm he completed 3-D model. 

 the above 

ediate stages between the hierarchical diagram and that of t
Generally, it is advised that the presentation provide the overall ‘summary’ of the total building area and volume as 
compared to a breakdown of service areas, as a starting point in the Power Point presentation; however, such may 
not yet be developed at the initial stages of the project. It is useful to present the total gross area of the building 
alongside the total service area as an overview leading into the particular building project. Figure 2 with its service 
area breakdown therefore lends itself well for the introduction of the overall building project presentation. 
There is, of course, a substantial amount of information provided in the intermediate stages between
presented outputs of Figures 1 and 2. For instance, a detailed investigation into the various components of the 
particular services has not been shown here. There are additional individual assignments which are supportive of this 
detailed information. One of these successful assignments is the ‘How Does It Work’ presentation (see Figure 3).  
 

 
Figure 3: An example of the “How Does it Work?” assignment 

 
or the lecture topic of each week there are between 8-10 service products or concepts which are assigned to 

he ‘How Does it Work’ session has become one of the highlights of the course. Students are genuinely interested in 

.2. Student Comments and Reflection 
priate to compare this course with others taken in the same semester and 

re course…enlightening the blood and guts of the building and 

• erstand and to appreciate new environmental 

• 
 

he above comments as well as the overall student evaluation for this course are quite satisfactory and suggest that 

t requirements”; 

F
several students. Each student will have the opportunity to investigate, review and present in a 3-5 minute 
presentation during the lecture period. These singular topic presentations are provided electronically and are put into 
the web site of the course for student access.  
 
T
researching the various topics and enjoy experiencing their peers present a segment of the lecture. Quite often there 
is a questioning, discussion and intervention period among the topics. This is all very productive, provides an 
enormous resource of information, and develops an appreciation for building services. 
 
3
It is somewhat controversial and not appro
in the curriculum of the architecture and building courses in general. However, through the student course evaluation 
process and the additional comments made on such, there is some indication that students did learn and benefit from 
the project and teaching method. Some of the more positive comments from students are as follows: 

• “a very important subject in the course…”; 
• “one of the most crucial subjects in the enti

proposing environmental alternatives, which is fantastic”; 
“very elaborate subject, very succinct and easy to und
techniques… a capacity to think outside the conventional design and service principles”; 
“very passionately taught by the lecturers and tutors”. 

T
the objectives of the course have been achieved. Although encouraging to a lecturer, there is always room for 
improvement and constructive criticism. Some of these are: 

• “need to be more organised and clear as to projec
• “it was boring through parts…which dulled my motivation”; 
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• “thought the unit would be more focused on building environmental services as opposed to 3D modelling”. 
 

uch statements are clearly in opposition to teaching a course favoured by students. In retrospect of these 

ne of the downfalls might be that Construction Management students are not taught CAD or 3-D modeling programs 

ONCLUSION 
en presented for teaching a subject which is often perceived as boring, irrelevant and just plain 

his unfolding of the subject matter and ‘gaining confidence’ is achieved through the ‘method of investigation’ outline 

urthermore, when the students focus on the individual service required, as a segment of a total project, learning 

 has been noticed that students are often surprised by the actual areas and volume contained by building services. 

he author is most certain that the methods of delivery will continue to be refined and improved; yet, he would highly 
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S
comments, a lecturer might wonder whether the fundamental statement that - “building services are in fact very real 
entities, take up floor area, volume, and above all, require careful planning within the design concept of the building” 
(Parlour 2003) - has reached these students.  
 
O
in the curriculum of the course. Therefore, such students may in fact miss the point that services require spatial 
planning and that such takes place in 3-D, not 2-D. Nevertheless, there is always room for improvement and the 
challenge remains in making the delivery of the subject interesting to all.  
 
C
A formula has be
unnecessary by the students. This can be related back to the lecturer’s own university course experiences on such 
subject matters. By introducing project-based experiential learning, this perception of irrelevance can be overcome. A 
successful course delivery in building services rests with convincing the student and gaining their confidence that 
they can and will understand what (at first sight) may appear to be an overwhelming and unconquerable subject.  
 
T
presented in this paper. Perhaps, for the first time, it is not too difficult to convince the students that in order to 
accomplish the gathering of information they require, they will need to work in groups. An individual group 
assessment method is not presented in this paper, yet it has been provided in papers elsewhere (Tucker, 2006) 
 
F
occurs from within the group. It was found that the detail of investigation among each service in a particular project 
increased 3-4 times from when the project was an individual assignment. Even though different information is 
gathered individually, the organisation of the PowerPoint template, created at the onset of the project, serves as a 
golden thread in the assembly of the final product and the learning within the group. 
 
It
Students gain an appreciation of these services through their own confrontation with building managers, consultants 
and architects. Although this paper did not cover all the material and assignments taught in the course (such as the 
peak energy load calculation), it outlined the main course objectives.  
 
T
recommend, and offer to anyone, the approach used and presented in this paper. 
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ABSTRACT: This paper describes the pilot University of Adelaide wiki project carried out in semester 
2, 2005 and continued in semester 2, 2006. It describes the project background, outcomes and 
evaluations and concludes with recommendations for the future. 
 
A wiki (Hawaiian for quick) is web-based collaboration software that provides the opportunity for groups 
of people to collaborate on documentation. The wiki interface is a web page which is accessible as 
universally as the log on access permits, and is not ”academic” in its origin nor current usage. 
 
The School of Architecture, Landscape Architecture and Urban Design graduate attributes require 
excellent group work process familiarity and outcomes. As well as in-classroom and face-to-face 
collaboration, the School has encouraged opportunities for online collaboration. However, not all 
available online opportunities are welcomed by students (Shannon 2005). National (Krause 2005) and 
these local research findings led to a decision by School staff to request University support for the 
piloting of currently popular wikis as a means of encouraging greater collaboration between students. 
 
This paper describes that process in detail and the evaluations conducted for students using this new 
collaboration tool. The opportunities for this type of collaboration parallel professional office activities. 
 
Conference theme: Education of future Architects 
Keywords: wiki, collaboration, online, evaluation 
 
 

1. INTRODUCTION AND BACKGROUND 
 
1. 1 What is a wiki? 
A wiki is an instance of web-based collaboration software that provides the opportunity for groups of people to 
collaborate on documentation. The wiki interface is a web page which is accessible as universally as the log on 
access permits. Wikis are not “academic” in origin or functionality; and as such may have broader appeal to the 
mobile “net-generation” (Mellow 2005). Wikis in their "native form” are characterised by anarchic content growth. 
 
1. 2 Why do we need to use them? 
The School of Architecture, Landscape Architecture and Urban Design requires excellent group work process 
familiarity and outcomes as graduate attributes. This is a key graduate attribute of the School and University, and an 
employee attribute demanded by graduate employers (GCCA 2006). In ”changing (employment) climates” with the 
globalisation of the architectural work force (along with excellent communication skills) the possession of excellent 
teamwork and collaboration skills is the bedrock upon which graduates’ careers are developed (Hagar, Holland and 
Beckett 2002).It can further be argued that with increasing complexity in architectural science, involving cross-
disciplinary and interdisciplinary teams to contribute to ever more ill-defined problems (sustainability, global warming) 
collaboration skills will be more in demand than ever previously. As well as in-classroom and face-to-face 
collaboration, the School has encouraged opportunities for online collaboration through Blackboard - the provided 
Learning Management System - where such opportunities are provided through Discussion Forums (Discussion 
Boards), digital dropbox (for exchange of files), e-mail and the virtual classroom (synchronous chat) with email and 
Discussion Boards the most prevalently used by staff members in course establishment. 

In-classroom research in the School (2001-2004) has revealed generally low uptake of opportunities for 
asynchronous online Discussion Board use in one course when the Discussion Bord contributions are not assessed 
and more importantly, that for assessable Discussion Boards, the contributions are not collaborative (Shannon 2005). 
National research with a large cohort of first year students (Krause 2005:41) found that students in architecture 
courses nationally reported more “work on projects with peers” in and out of the classroom than any other student 
group. Overall 40% of all students report daily/weekly peer collaboration, but only 16% of students report daily or 
weekly use of Discussion Boards, whilst 25% use them irregularly and 58% never use them, although 46% believe 
online discussion groups with other students to be useful. Despite being the heaviest collaborators and arguably 
therefore having the greatest need for online collaboration tools (Shannon 2005) architecture students surveyed 
nationally by Krause et al reported only a 10% daily or weekly use of Discussion Boards, which reversed a pattern of 
being the heaviest Discussion Board users of all discipline groups in 1999 (Mc Innis, James and Hartley 2000 and 
Krause et al 2005: 45). The quest for a new, engaging form of collaboration software ensued in ”changing climates”. 
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1.3 The research question 
These national and local research findings led to a request that the University support the piloting of wikis (Fig 1) as a 
means of encouraging and enabling collaboration between students enrolled in courses within the School of 
Architecture, Landscape Architecture and Urban Design. They had been strongly reviewed by Augur et al (2004). The 
University agreed and the project commenced. It was important to situate this trial within a University course that 
required substantial collaboration between students and group work as the output as opposed to individual, 
competitive work as the output.  Educational evaluation was engaged as the research methodology. 
 
2. THE CONTEXT AND PREPARATION FOR INTRODUCING WIKIS AS A LEARNING TOOL  
 
2.1 Design and Environments: A suitable course for piloting wikis  
An appropriate place for piloting the introduction of wikis was the semester 2, 2005 2nd year compulsory course 
Design and Environments which aimed to extend students’ knowledge of the competing demands at play in the urban 
environment. It is intended that students graduating from this course will hold a better understanding of how cities are 
made and managed, the historical and ideological (political) influences which shape modern cities, as well as the 
views of a range of community and professional stakeholders involved in urban consolidation. Design work proceeds 
on a real site complying with the current developer’s brief. Students were advised that “there is a heavy reliance on 
proto–professional digital learning support” in the course. The overarching course goal was the development of 
professional graduate attributes relating to communication skills – both written and oral - and a familiarity with proto-
professional means of file sharing, document collaboration and group record keeping developed. Most importantly the 
course has a substantial group work component of 50% in 2005 (4 unit course), and 30% in 2006 (8 unit course). 

 

 
Figure 1: Wiki World at the University of Adelaide ~ the wiki home page 

 
2.2 Emphasis on group work and facilitating online collaboration  
Group work is emphasised in this particular course due to its professionally focused goals and because group work 
underpins professional architectural practice in Australia and is therefore a key, core professional skill for all 
graduating students. Group work was carried out to complete 3 Assignments. In Assignment 1 group work was 
carried out by the whole tutorial group working as a team (of approximately 18 students) to construct a physical site 
context model. Whilst there were weekly tutorials for 2 hours the online ‘forum’ provided by the wiki was used by the 
students to record minutes of meetings and the devolvement of tasks.  

Students then self-selected into 2 project teams – for Assignment 2 a team of up to three people whose task was to 
analyse an aspect of a given urban site as a group and for Assignment 3 into Office groups of 5-6 people. Self-
selection for architecture students has been found to produce better overall group results (Tucker 2005).  
 
2.3 Preparation for Group Work and Wikis 
Group work was introduced in a Week 1 two hour “Effective Groupwork” tutorial whilst wikis were introduced formally 
in Week 3 in a three quarter hour “Wiki Workshop”. Both types of preparation were deemed necessary for effective 
wiki group work. In the introductory ”Wiki Workshop” students came prepared with a digital image of themselves. 
During the Tutorial they were able to construct a wiki online presence for themselves (within a scaffold already 
created of the class list divided into tutorial groups). These developing online personas (Fig 2) provided a lot of 
pleasure to students and staff alike as students competed to embellish their online persona with information about 
their favourite buildings and landscapes. Importantly they fulfilled an integral social role in successful collaboration. 
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2.4  Wikis mimicking professional practice 
Wikis were introduced as the means for groups to keep a record of group process and outcome as well as 
collaborate 24/7. Students were informed of the ways that practices create, store and transmit information digitally 
both within the project team and between practice and consultants, and students were invited to participate in a 
facsimile of this process using wikis as an online collaborative tool. The wiki site “Wiki world” was primed with some 
structure (collaborative groups and assignment – group task - information) and that structure formed a scaffold for the 
content that the students added.  
 
2.5 Opportunities for online collaboration within the course and the groupwork 
The wiki site was pre-populated with (self-selected) groups of differing sizes for Assignments (Fig 3). Initially, the five 
tutorial groups were pre-populated as wiki pages comprising 13-18 students plus a Tutor for Assignment 1. Students 
used the wiki to organise group meetings and share the task – by assembling digital resources and "tiling” the site 
model. For Assignment 2, Site Analysis, students self-selected into teams of 2-3 to analyse the site and environs. 
Once again the students established a wiki based around their group work and used their colloborative online wiki to 
record group process and outcomes. They could also see what other Site Analysis teams working on their topic were 
doing and this added to the sense of collaboration instead of competition (Alexander 2006). Students’ Assignment 2 
output was not a wiki alone– it comprised A3 posters and a bound A3 booklet of the 8 teams work collected together. 
How students collaborated to cover all topics but not overlap information, complied with deadlines, worked on shared 
templates for production of the bound booklet was enhanced through the access to/by all group members and all 
processes 24/7 from any computer anywhere which had a web browser installed. 
 
Assignment 3 – the group Master Planning Assignment - required an Office Group of 5-6 people to construct a wiki to 
record (as would a professional  office) Site Meeting Minutes, and preliminary proposals for discussion amongst the 
Office team of consultants. This involved publishing on their wiki their Office Name, logo and Mission Statement. 
Having everything online meant that students could retrieve and contribute anytime, anywhere and staff could review 
progress whenever required. Further, groups across the 5 Tutorials could see what other students were doing. 
 

 
Figure 2: Student Home Page on wiki 

 
3. WIKI TECHNICAL DETAILS 
 
3.1 Software 
Wiki software represented a low-maintenance option for the provision of online collaborative workspaces. Wiki’s 
growing use in recent years indicated that their functionality, reliability and scalability would match the requirements 
for this pilot University of Adelaide project. With minimal resources available for comparative testing, MediaWiki  
(MediaWiki (http://wikipedia.sf.net): 1.3.10 ) was selected from the plethora of open source wikis currently available 
due to its use in major web-wide projects such as Wikipedia. It was assumed that this choice would maximise the 
number of  students having prior experience with wikis. Preliminary testing confirmed that the currently available 
version of MediaWiki was, at least satisfactory.  
 
3.2 Server   
An IBM X330 server was dedicated to the wiki project by the central University Information Technology Services.  
Some hardware specifications are listed : Model: IBM X330; CPUs: Dual Pentium III 1.1GHz processors; RAM: 4G 
memory; Internal hard disks: 30 G disk space. The server operating system was Redhat Enterprise Linux 2.4.21-
32.0.1 (http://www.redhat.com/). In the pilot project in semester 2, 2005, this configuration fulfilled expectations. 
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3.3 Security and Authentication 
The dedicated wiki server was commissioned in the Information Technology Services production context and thereby 
inherited standard monitoring and security. Firewalls allowed access to the necessary ports for the wiki to function. 
The wiki server had web-wide access with no domain-based access restrictions applied. However, server-based web 
authentication against the University's LDAP directory was mandated thereby restricting all access to staff and 
students of the university. This restriction stands in stark contrast to the normally universal access to wikis but was 
deemed essential due to the academic nature of the trial. 
 
4. WIKI TECHNICAL PROBLEMS 
 
4.1 File Size 
While the wiki pilot ran smoothly with minimal technical support requirements several minor problems were 
experienced and required work-arounds to be found and implemented. Worthy of mention is the observation that 
students attempted to upload extremely large files (posters containing text and images) as extremely large bitmaps 
which exceeded even the relaxed file size restrictions we later imposed. The reason we relaxed file size initially 
related to the fact that the default MediaWiki configuration included an unacceptably conservative restriction on the 
size of uploaded files. To compound the problem, the version of MediaWiki deployed failed to report over-sized files 
correctly . How this problem manifested was that many students, on discovering the excessive size of the images that 
they wished to include, opportunistically took advantage of MediaWiki's ‘on-the-run’ thumbnail rendering capability 
(invoked simply by including a 'thumb' directive in image tags). While this approach was usually successful, on 
occasion it failed resulting in a page that MediaWiki would refuse to display. This problem stems from MediaWiki's 
design that prevents excessive processor resources being commandeered by single pages. Unfortunately, 
MediaWiki's behaviour in such circumstances was unsatisfactory, as it did not provide an interface option to re-edit 
the page. 
 
4.2 Training students as a proposal for overcoming technical problems 
Student wiki users could benefit from training in, and tools for conversion to suitable file formats for online delivery of 
digital media incorporating text and graphics. The advent of free and functional PDF writers presents the PDF 
alternative at little or no cost to the institution. To resolve this ‘failure to display images’ problem, the file size 
restriction was relaxed. More recent versions of MediaWiki may report file size restriction breaches more helpfully. It 
was evident that the ultimate solution lies in users receiving more guidance about the need to, and skill in, the re-
sampling of images for online delivery. 
 
5. PRACTICALITIES OF USING WIKIS: STUDENTS AND INFORMATION TECHNOLOGY SERVICES  
 
5.1 Content of the structured training session for students 
A 45-minute hands-on introduction to wikis and their use was incorporated in a tutorial in Week 3, early in the 
semester. This session included the basics of wiki navigation and content creation and management as well as the 
etiquette of wiki use and the capabilities of wikis to protect data and track malicious use. Students were actively 
engaged by creating their own wiki page during this session (Fig 2) thereby engaging students in the learning 
environment, which had the effect of  relegating the wiki "training content” to the status of a "tool” as is demanded by 
the Genreation Y students (Logue, 2006). 
 
5.2 Monitoring and support by Information Technology Services 
Rudimentary system status monitoring was enabled during the course of the pilot. Members of the Online Application 
team (ITS, The University of Adelaide) checked the status of the system several times each week. The project 
manager subscribed to the RSS service that forms part of MediaWiki's functionality and was able to maintain an 
overview of new material and edits. The project manager established a watch list of 4 key navigation pages for the 
wiki. No unauthorised editing of these pages occurred. 
 
6. RESEARCH METHOD  
The effectiveness of the University of Adelaide pilot wiki project was evaluated from the perspective of 
students and staff – both academic staff and the staff of Information Technology Services who provided the IT 
support as this project was a collaboration between academic goals being realised within a technical 
framework. The focus of the pilot wiki trial was on its effectiveness as a collaboration tool to replace 
Discussion Boards and its contribution to developing professional skills. Methods used were observation, wiki 
problem log, student evaluations and students’ assessment output and outcomes. 
 
6.1 Student Evaluations 
As all students participated in a Week 3 Introductory 45 minute wiki tutorial a pre-test Student Evaluation of Learning 
and Teaching (SELT) could also be conducted at that session prior to the wiki introduction. At the end of semester 
(Week 12) a standard post course and Teacher  SELT was conducted embellished with questions about wikis and 
group work in general, as well as the acquisition of professional skills. 
 
6.2 Course Staff Evaluations of student output  
Without having attended the Week 3 wiki Tutorial 4/5 tutors (sourced from architectural practice in Adelaide) created 
introductory wiki profiles for themselves. Staff did not participate in wikis a lot – nor was this expected nor even 
desired – as the wiki interface was a student collaboration web space. However, course staff assessed the wiki 
content for 5% of the Assignment 2 (30%) overall mark and reported good evidence of collaboration, record keeping 
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and upload of work in progress and the final urban site analysis. An additional feature was that sessional professional 
staff could access students’ wikis anytime, wherever they were situated. 
 
6.3 Information Technology Services (ITS) staff 
Notwithstanding minor problems reported previously, MediaWiki proved to be a reliable tool requiring minimal day-to-
day support from the perspective of ITS. As expected, the server supplied was never loaded significantly and except 
when a file system filled up inadvertently remained responsive throughout. 
 
While MediaWiki has proven to be compatible with a wide range of contemporary browsers, the ability to open pages 
for editing in separate browser window tabs (as supported by most browsers other than Microsoft Internet Explorer) 
makes for much easier navigation. Such browsers are therefore to be recommended for wiki use and should be 
available within the university's Standard Operating Environment. 

 
Figure 3: Group pages wiki set up 

 
7. RESULTS 
Students completed 3 Student Evaluation of Learning and Teaching (SELT) evaluations during semester 2. SELTs 
are a centrally administered and analysed and reported University of Adelaide educational evaluation questionnaire 
service. Students scored their understandings on a 7 point Likert scale where 1= strongly disagree and 7=strongly 
agree. The Mean (M) is given for each question. Open-ended questions are also incorporated. Results to these 
questions were coded and analysed by the researchers. Codes are available upon request from the authors. 

1. Pre-wiki SELT to establish a base line of their familiarity with wikis and collaboration tools (Response Rate 
62/78= 79%) (Table 1) 

2. Course SELT with selected wiki questions (Response Rate 50/79 63%) (Table 2) 
3. Teacher SELT with selected wiki questions (Response Rate 62/79 78%) (Table 3) 
These response rates are considered appropriate for analysis and generalisation. 
 
7.1 Pre-wiki SELT to establish a base line (Table 1) 
Prior to the wiki training session a SELT was administered to gather baseline responses. 
 
7.1.2 Wiki prior knowledge  
Students revealed almost no knowledge of wikis with 95% of students (56/59) disagreeing to strongly disagreeing 
that they had any previous knowledge of wikis (M=1.5) and 46 strongly disagreeing (Likert score 1). 4 class members 
had used wikis before for getting information (M=1.5); and 3 only had edited wikis (M= 1.3). 
 
7.1.2 Learning new IT Skills 
Most students (55/61) felt comfortable learning new IT skills (M=6.0); and most (53/61) are motivated to learn new IT 
skills (M=6.0). 
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Table 1: Pre –Wiki SELT responses 

SELT Question or Proposition No of valid 
responses 

Likert responses  
5-7 (positive) 

% agreement 
(Likert 5-7) with 
the Proposition 

1. I have previous knowledge of wikis 
59/62 3/59 5% 

2. I have used wikis for getting information before 
58/62 4/58 7% 

3. I have contributed to (edited) wikis before 
56/62 3/56 5% 

4. I feel comfortable learning new IT skills  
61/62 

 
55/61 

 
90% 

5. I am motivated to learn new IT skills 61/62 53/61 87% 
6. Discussion Boards are useful to my learning 61/62 47/61 77% 
7. I use online Discussion Boards 61/62 43/61 70% 
8. I like interacting online with classmates 61/62 48/61 79% 
9. I believe I can learn from my classmates 61/62 59/61 97% 
10. I like interacting online with teachers 61/62 53/61 87% 
11. All graduates need good IT skills to be 
professional today, 

61/62 58/61 95% 

12. I use web-based resources and information 
designed specifically for my course. 

61/62 53/61 87% 

 
 
7.1.3 Discussion Boards 
47/61 students believed Discussion Boards are useful to their learning (M=5.4) and 43/61 said that they used online 
Discussion Boards (M=5.0).  
 
7.1.4 Philosophy of learning from others/learning online 
48/61 students liked interacting online with classmates (M=5.6) and 59/61 believe they can learn from their 
classmates (M=6.2). 53/61 like interacting online with teachers (M=5.8). The highest SELT Mean (M=6.5) underlines 
the importance of teaching current IT skills, with 58/61 students believing “All graduates need good IT skills to be a 
professional today”.  61/62 students agree that they “use web-based resources and information designed specifically 
for my course” (M=6.0). 
 
7.1.5 Open ended questions 
Students were asked two open ended questions: 
"Do you have any concerns about learning/using IT?” The most prevalent responses related to the speed of learning 
and whether they would keep up eg “speed of teaching is often very fast and once you are lost you cannot catch up”. 
 
"Do you have any concerns about learning from your peers?” Students expressed almost no concerns saying e.g. “ It 
would be great if all peers able to interact well and work together as a team in assignments” and “No, I feel everybody 
has something to contribute”. Concerns expressed were that everyone’s opinion was respected and that hopeful 
expectatation that everyone would contribute. 
 
7.2 Course SELT with selected wiki questions (Table 2) 
The standard course SELT conducted at the conclusion of the course was extended with questions about wiki and 
group work. 
 
7.2.1 Development of wiki skills 
Students were asked to strongly disagree through to strongly agree with this proposition: “I developed my wiki skills 
during this course”. 39/48 agreed to strongly agreed (Likert scale 5-7) with this statement (81%) (M=5.6). 

7.2.2 Development of group work skills 
Students were asked to strongly disagree through to strongly agree with this proposition: “I developed my group work 
skills during this course”. 44/49 agreed to strongly agreed (Likert scale 5-7) with this statement (90%) (M=5.8). 

No questions were asked requesting students’ reflections on the relationship between wiki skills and group skills. 

7.3 Teacher SELT with selected wiki questions (Table 3) 
The standard Teacher SELT conducted at the conclusion of the course was extended with questions about wiki and 
acquisition of professonal skills.  
 
7.3.1 Wikis and learning professional skills 
37/50 students agreed to strongly agreed with the statement that “The coordinator organised interactive learning 
opportunities through wikis. (74%) (M =5.4) and 48/51 students agreed to strongly agreed with the statement that 
“The coordinator emphasized acquiring professional skills in this course” (94%) (M =6.3). 
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Table 2: Post –course SELT responses 

SELT Question or Proposition 
 

No of valid responses Likert responses 5-7 % agreement (Likert 5-
7) with the Proposition 

1. Overall, I am satisfied with the quality 
of this course 

50/50 45/50 90% 

2. This course stimulates my enthusiasm 
for further learning 

50/50 42/50 84% 

3. I feel part of a group committed to 
learning 

50/50 40/50 80% 

4. I am motivated to learn in this course 50/50 45/50 90% 
5. This course helps me to develop my 
thinking skills 

50/50 47/50 94% 

6. My ability to work independently is 
being increased 

50/50 38/50 76% 

7. In understand more about how urban 
environments are planned and managed 

49/50 47/49 96% 

8. I understand more about how urban 
environments respond to stakeholder 
interests 

49/50 48/49 98% 

9. I understand more about how urban 
environments are politically shaped. 

49/50 46/49 94% 

10. I developed my wiki skills during this 
course 

48/50 39/48 81% 

11. I developed my professional 
speaking skills during this course 

49/50 40/49 82% 

12. I developed my group work skills 
during this course 

49/50 44/49 90% 

13. I developed my critical thinking skills 
during this course 

49/50 43/49 88% 

14. I developed my ability to respond to 
studio-based criticism during this course 

49/50 44/49 90% 

 

Table 3: Post-course Teacher  SELT responses 

 
SELT Question or Proposition 

 

 
No of valid 
responses 

 
Likert responses 5-7 

 
% agreement (Likert 5-
7) with the Proposition 

1. The coordinator organised interactive 
learning opportunities through wikis. 

50/51 37/50 74% 

2. The coordinator emphasized acquiring 
professional skills in this course 

51/51 48/51 94% 

 

8. DISCUSSION AND CONCLUSION 
Students evaluations reveal that they increased their IT skills during this course – they learned to manage a wiki and 
populate it with content in a proto-professional environment. They evaluated their knowledge of wikis at the 
commencement of the course as very low and they managed (with no input from the Coordinator or the tutors) to 
produce a meaningful wiki "product" on which they all collaborated which, it could be argued from their evaluation, 
contributed to the development of their group work and professional skills. The evaluations revealed that students 
started from a very low knowledge base – only 7 from a class of 79 had any prior experience of wikis as a user or an 
editor. Students are both comfortable with, and motivated to learn new IT skills. Students like interacting online with 
classmates, they value learning from their peers, and teachers, and to an overwhelming extent believe that “All 
graduates need good I skills to be a professional today”. Students are accustomed to using the web-based resources 
and information designed specifically for their course. Students’ principal concerns about learning/using IT is the 
speed of learning and that feeling of being left behind. Students are unconcerned about learning from their peers 
believing that interfaces which permit interaction and the ability to work together as a team in assigments is ”great”. 
What concerns they do have about collaborative learning relate to the desire for everyone’s opinion to be respected 
and that everyone contribute equally.  

At the end of the semester evaluation, most students (39/48) believed that they had developed their wiki skills during 
the course and an even greater majority (44/49) believed that they had developed their group work skills during the 
course. In the end of semester Teacher SELT evaluation the majority of students (74%) believed that they had 
experienced interactive learning opportunities through wikis and an overwhelming majority (94%) agreed that the 
course emphasis was on acquiring professional skills. 

As one of the principal goals for the introduction of wikis was the opportunity for development of group work skills in 
the context of the acquisition of professional skills there is evaluation evidence (with 74% agreement) to support the 
proposition that the medium of wikis promoted interaction. Collaboration and a professional approach to group work 
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followed, and 94% agreed that the course emphasis was on acquiring professional skills. Assessment results and the 
quality of the assessable work achieved in the course demonstrated the acquisition of these skills. Results for the 
course were pleasing with 29 Credits (65-74) and 13 Distinctions (75-84) which are excellent grades for design-based 
courses with multiple hand-ins and three group projects, and reflected that 66% of the final assessments were Credit 
grade or better over the whole class. No comparative assessments with previous iterations of the course are possible 
as the course was delivered in this structure for the first time in 2005. 

9. RECOMMENDATIONS FOR THE FUTURE 
The education of students about collaboration tools is in its infancy at the University of Adelaide. This project has 
demonstrated that wikis are a well accepted and well liked tool for effective collaboration. Therefore, in order to move 
from a pilot study to a well supported embedded model the wiki pilot teaching team recommends that wiki support be 
continued and extended into 2006 and beyond. The course which is the subject for the pilot will continue to utilise 
wikis to encourage collaboration given a well-supported IT environment. If the University is going to support a 
growing use of wikis by staff and students capacity planning needs to be undertaken to ensure that dedicated 
infrastructure and other resources are not overwhelmed by growing use.  

In summary, this pilot has demonstrated that students in one course benefited from opportunities for collaboration 
provided through wikis. 
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ABSTRACT: This paper focuses on learning processes across the design curriculum of Deakin 
University School of Architecture and Building (Australia) through the recognition of the four learning 
styles - 'accommodating', 'diverging', 'assimilating' and 'converging' – that are defined in the 
Experiential Learning theory of Kolb. The research has been conducted to evaluate the effects of 
learning style preferences on the performance of built environment students from diverse backgrounds 
and cultures in projects across a range of learning situations. The results of the research are being 
used to inform andragogical refinements that will be tested in design studio and technology lecture 
units studied by students of Architecture and Construction Management. The paper will focus on the 
results of a cross-curriculum learning style survey. The survey was conducted as part of a Strategic 
Teaching and Learning Grant funded project currently running at Deakin as a reflexive research 
program aimed at resolving the learning difficulties of students collaborating in multi-disciplinary and 
multi-cultural team assignments. By addressing the issues of multidisciplinarity, cultural inclusiveness 
and the internationalisation of higher education, the research program aims ultimately at the education 
of graduates who are able to bring leadership to multidisciplinary design collaborations co-operating 
across international boundaries towards a global sustainable future.  
 
Conference theme: Education of future architects 
Keywords: learning styles, internationalisation, studio andragogy 
 
 

INTRODUCTION 
Early in 2006, members of Deakin School of Architecture and Building were named recipients of a Strategic Teaching 
and Learning Grant aimed at “Enhancing Independent Experiential Learning for International Undergraduate 
Students.” The project iterates a one-year internally funded pilot project that took place at Deakin University in 2005 
focusing on “Establishing Best-Practice Principles for the Teaching of Group Design Projects.” The results of that first 
project informed new teaching and assessment strategies for design studios at Deakin (R. Tucker, 2005; R. Tucker, 
and Rollo J., 2005)). The 2006 research furthers the 2005 findings, which were informed by personality type and 
experiential learning theory, by conducting across a further year a study of the relationships between different 
learning styles, teaching approaches and cultural systems in design education. This paper restricts itself to the initial 
stages of the study by discussing differences in learning styles between cohorts and evidence of learning style 
changes in students as they progress through their studies. This fluidity in learning style can, of course, only remain 
implicit until one cohort has been studied for the entirety of the degree programme, but nevertheless it may explain 
why many prior studies of the personality characteristics, learning and cognitive styles of practitioners and of students 
at different stages of their education appear conflicting. 
 
To explore these differences the research has focused on design studio teaching processes through the recognition 
of reported learning styles. The conceptual frame adopted in this is the most commonly applied learning model to 
design education research, namely the 'accommodating', 'diverging', 'assimilating' and 'converging' categories 
seminally defined in the Experiential Learning theory of Kolb (D.A. Kolb, 1984). Building on previous studies 
indicating that learning styles may differ from one culture to another (De Vita, 2001; Yamazaki, In Press), and on 
research advancing conceptual frameworks to guide and support internationalisation through university curricula (e.g. 
(Nesdale & Todd, 1993)), the study aims ultimately to reduce the learning adjustment difficulties that international 
students, particularly those of Asian origin, experience through their transition into Deakin University life in the studios 
of the School of Architecture and Building – where 20% of students originate now from South East Asia or are the 
first generation children of immigrants from this region.  
 
1. KOLB EXPERIENTIAL LEARNING THEORY 
Individuals’ habitual information processing models (cognitive styles) determine their learning behaviours (learning 
styles) and inform predispositions to different learning situations (learning preferences). Much has been written about 
strategies for defining the learning and teaching styles of individuals, and of the relationships between learning styles 
and learning preferences, with the aim of tailoring teaching methods to student learning preferences. Kolb applied 
Paiget’s Personal Construct theories (Piaget, 1972) to identify a number of commonly-used learning preferences and 
whether each was helpful to a particular learning style. He argued that the student must physically interact with study 
material to understand it completely (D.A. Kolb, 1984). Physical interaction gives rise to learning in a continuous cycle 
in which the student forms abstract concepts, tests the implications of these concepts in new situations via concrete 
experience and then reflects on what was observed. The next time the student comes upon the same situation they 
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will utilise the knowledge base gained during the first cycle to move on to more complex experiences. The cycle 
described by Kolb is one that would be familiar to design students, for it echoes the iterative process of reading, 
questioning, testing, and reformulating that is characteristic of design progression in studio assignments. Kolb 
suggested that experiential learning strategies should be adopted throughout education with teaching models that 
help students move round the learning cycle to achieve ‘deep’ learning. Although architectural education has yet to 
explicitly acknowledge the Kolb cycle as an andragogical theory that underpins its teaching frameworks, it is clear, as 
Webster points out, that design teaching promotes experiential learning in much the same way as other fields of 
professional education (Webster, 2001). It is fitting, therefore, that Kolb’s model has been utilised most commonly by 
researchers evaluating the learning styles of design students. In order to draw on and evaluate this prior research, it 
was decided in the Deakin study to utilise the Kolb model and its testing instrument the Learning Style Inventory 
(LSI).  
 
2. LEARNING STYLE RESEARCH IN DESIGN EDUCATION 
Much has also been written about learning differences among tertiary students (Dunn & Dunn, 1975) and how these 
differences might inform teaching, but only a few studies have been applied to design or architectural education. 
Newland et al. (1987) researched the relationships between the learning styles, perception and cultural bias of 
architects using Kolb’s learning theory as a basis for testing. The Newland study stated support for using Kolb in the 
work of Powell et al. (J A. Powell, Cooper, & Lera, 1984), who had previously used the LSI to test undergraduate 
architectural students. In Newland’s study four types of designers were identified in relation to learning styles: 
common sense learners, dynamic learners, contemplative learners, and zealous learners. Newland et al. concluded 
that architects' learning styles are slightly biased towards the upper left (North West) of the Kolb typology (borrowing 
Talbot’s (1982) visually descriptive presentation of the Kolb scores that refers to the spatial location of styles in the 
two-dimensional LSI cycle) – i.e. learners Kolb would term as 'accommodators.'  
 
Others have employed the Myers-Briggs-type indicator (MBTI), based on Jung’s (1921) psychological types, to 
identify the personality profiles of designers ((McCaulley, 1990) (Brown, Hallett, & Stoltz, 1994)). Brown et al. found 
the dominant profiles in landscape architecture students to be intuitive-thinking and intuitive-feeling types. Lawson 
(1993) also observed that architecture students tended to adopt more intuitive approaches when engaging with 
problem solving. Durling et al. (1996) reported a personality survey of art-based design students also using the MBTI 
and reported that it was possible to discriminate designers both from a normal population and from cognate 
professionals. Durling et al. conclude that designers largely prefer teaching that begins with the exploration of 
concepts before explaining details, is loosely structured to allow for guided exploration, and is logical and analytical of 
objective data and is based on the knowledge of exemplars – a list of teaching preferences that accurately describes 
studio models common to architectural education in the U.K. A third of the designers tested in Durling’s sample 
preferred, however, more subjectivity, a person-centred approach, and value judgements, which confirms the findings 
of other studies - namely that no single kind of design learning is suitable for all designers.  
 
More recently, Demirbas and Demirkan (2003) and then Kvan and Yunyan (2005) related the design process 
undertaken by student architects to Kolb’s learning cycle (D.A. Kolb, 1984). Demirbas and Demirkan found that in 
their sample of first year students significantly fewer learners preferred the accommodating style to other learning 
styles; and that most students (65%) were assimilators and convergers. Demirbas and Demirkan also showed 
statistically significant differences between the performances of students with different learning styles at different 
stages of the design process. The results too of Kvan and Yunyan (2005) demonstrated a significant correlation 
between learning style and students’ academic performance in design studios. Their study suggested that a learning 
style test conducted in the early phase of design studio, and teacher awareness of the need to accommodate diverse 
learning styles, might inform changes in studio programs. When discussing fourteen factors that contribute to 
excellence in studio teaching in architecture, Attoe and Mugerauer (1991) also highlight the importance of 
customising teaching methods to students’ learning styles.  
 
Singhasiri et al. (2004) investigated the learning styles of first year architecture students in Thailand in order to see if 
the curriculum and materials catered for these styles, and found that most first year architects were concrete learners 
– i.e. accommodators and divergers . In 2006, Roberts (2006) considered the relationship between cognitive styles 
and student progression in architectural design education. In contrast to what Robert’s review of the literature 
suggested, namely that students with a tendency to think holistically may have an advantage in learning to become 
architects over more analytic students, Roberts results suggested the reverse of this hypothesis, namely that 
students categorised as ‘analytic’ performed better than the other groups, especially in the early stages of their 
architectural education. The study concluded that “although analytic students appear to have an advantage in their 
early years, by the time they graduate cognitive style may have little effect upon their performance in design project 
work” (Roberts, 2006: 179).  
 
The research presented in this paper investigates the learning styles of 152 undergraduates at Deakin. It evaluates 
and compares the different learning styles of students from two year groups - first and third-year - enrolled in three 
undergraduate courses; Bachelor of Arts (Architecture), Bachelor of Construction Management, and a double degree 
Bachelor of Architecture/Construction Management. Learning style preferences were gathered through the Kolb LSI 
(D.A. Kolb, 1984). Using this instrument, two questions were considered. Firstly, are there marked differences 
between the learning style profiles of the three degree programs? And secondly, are there marked differences 
between the learning style profiles of the first and third year cohorts that may suggest evidence of fluid learning styles 
and, consequently, the ability to change learning styles through teaching. 
 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 295 



3. LEARNING STYLE INVENTORY - METHODOLOGY 
 
3.1 Participants and Materials 
All first and third year architecture and CM students enrolled in 2006 were asked in their first lectures to volunteer to 
complete a questionnaire and learning style inventory. Procedures governing the recruitment of students, their 
briefing and questioning, and the collection and storage of data where approved by the Deakin University Human 
Research Ethics Committee (EC 78-2006). 104 first year students and 48 third year students participated in the 
study. Of the first years, 27 were CM students, 52 were architecture students and 25 students were enrolled in a 
combined architecture/CM double degree. 63 (60.6%) of the students were male and 41 (39.4%) were female. First 
year participants ages ranged from 17 to 25, with the majority of students aged between 17 and 20 (90.4%) and the 
remaining 10 students (9.6%) in the 21 to 25 age range bracket. Of the third year students, 29 were studying 
architecture and 19 were enrolled in the double degree. The third year cohort contained 27 males (56.3%) and 21 
females (43.8%). Again, the students’ ages ranged in third year between 17 and 25, with 23 students (47.9%) aged 
between 17 and 20 whilst 25 (52.1%) students were between 21 and 25. 
 
The Learning Style Inventory (LSI) was first developed by Kolb in 1971 (LSI 1) and revised later in 1985 (LSI 2), in 
1993 (LSI 2a), in 1999 (LSI 3) and again in 2005 (LSI 3a). In this study, LSI 2 was utilised due to its free availability. 
 
3.2 Procedure 
There are twelve open-ended questions that have four different responses in the LSI. Each question asks 
respondents to rank four sentence endings to best describe their learning preference. After answering the questions, 
four scores are calculated using the test key. These scores are clustered under four modes of the learning cycle as 
CE (concrete experience), RO (reflective observation), AC (abstract conceptualisation), and AE (active experience). 
In the next stage, by subtracting CE from AC and RO from AE scores, two combined scores are determined that 
show the position of the individual learner in the two bipolar scales. The two scores refer to the different ways by 
which students learn: the first (AC–CE) is how a student perceives’ new information or experience, and the second 
(AE–RO) is how a student processes what is perceived. In other words, the combined score indicates the learning 
style preference of that individual. As is normal practice in the Kolb model (1985), the axes that distinguish the 
learning spaces of the four learning styles has been shifted in this study from the zero, zero point to an empirical 
norm (AC-CE=3,4; AE-RO=5,6). 
 
4. RESULTS  
In the Deakin sample, learning style inventories were taken to give the learning style profiles of what have been 
broken down into eight cohorts. Three of these are shown on the Kolb learning style graphs illustrated in figures 1 
and 2. The eight cohorts are: 1) the entire sample (Accommodators [Acc] 18.6%, Divergers [D] 17.9%, Assimilators 
[Ass] 32.1%); Convergers [C] 31.4%; 2) first-years (Acc 21.3%, D 19.4.3%, Ass 28.7.3%, C 30.6%);  3) third years 
(Acc 12.5%, D 14.6%, Ass 39.6%, C 33.3%); 4) first year architects (Acc 19.6%, D 14.3%, Ass 32.1%, C 33.9%); 5) 
third year architects (Acc 17.9%, D 14.3.6%, Ass 39.3%, C 28.6%); 6) architects (first and third years combined) (Acc 
19.0%, D 14.3%, Ass 34.5%, C 34.2%); 7) double degree architecture/CM students (combined) (Acc 18.1%, D 
20.4%, Ass 29.6%, C 31.9%); 8) construction managers (first years only) (Acc 14.8%, D 25.9%, Ass 29.6%, C 
29.6%). 
 

 
 

Source: (Author 2006) 
Figure 1: Graph showing Kolb Learning Style Distributions 

of the entire sample of 1st and 3rd years combined. 
 
Kolb and Wolfe (1981) suggest that there are disciplinary differences in learning styles and that the dominant style in 
architects is accommodator (highly inclined to doing and slightly inclined to feeling). This latter finding is in contrast to 
the studies of Demirbas and Demirkan (2003) and Kvan and Yunyan (2005) who found accommodators in the 
minority for architecture students. Our findings are far closer to these latter two studies than to Kolb and Wolfe’s, for 
accommodator was the least common learning style in third year architects at Deakin and the second least in the 
sample as a whole and in first year architects. Assimilators and convergers, each at around 34% of the entire cohort 
of architects, were the most common type. This is consistent again with Demirbas and Demirkan’s sample in which 
31.8% of freshman architects were assimilating and 33% converging. As can be seen from Figure 2, perhaps the 
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most noticeable difference in learning styles is not between disciplines but rather between year cohorts, because the 
diverse distribution of styles seen in first year is in contrast to the distribution seen in third year, which is heavily 
loaded to converging and assimilating learning. The reasons for this will be considered in section 4.3 of this paper. 
 

 
    1         2 Source: (Author 2006) 

Figure 2: Graphs showing Kolb Learning Style Distributions 
of two 2006 cohorts; 1) all first-years, 2) all third years. 

 
4.1. Data Screening and Analysis 
A number of analyses of variance were conducted with the AC-CE and AE-RO dimensions of the LSI as dependent 
variables, and with discipline, gender, age, and enrolment year as the independent variables. It should be noted that 
with the increased number of analyses of variance the probability of a Type 1 error increases. To correct for this 
increased error rate a corrected Bonferroni adjusted alpha (alpha (.05) / n (number of comparisons = 14) level of .003 
could have been utilised. However, as it is the aim of this paper to provide an overview of the pattern of results, and 
as the .003 alpha was considered to be too stringent for these exploratory aims, findings were interpreted at the 0.05 
alpha significance level. Caution also needs to be excised with regards to the skewness of the distribution. When the 
distributions of AC-CE and AE-RO were examined for normality, one of the third year cases had to be excluded as it 
remained an extreme outlier on both the AC-CE and AE-RO dimensions. A number of other outliers were found, but 
their exclusion did not affect the outcomes of the analysis. The distribution of scores on the AE-RO dimension was 
negatively skewed (skew = - 0.281, SE skew = 0.19) but was non-significant at the 0.01 level (Kolmogorov-Smirnov 
.082, p < 0.014). The distribution of the AC-CE dimension was also slightly negatively skewed (skew = -.288, SE 
skew .197) but was non-significant at the .05 level (Kolmogorov-Smirnov .057, p < 0.200). Standard data 
transformations failed to improve the distribution. Since the value of skewness was small, the following analyses were 
conducted on untransformed data. Thus, caution needs to be exercised when interpreting the results of the analysis 
of AE-RO scores. 
 
4.2. Differences between the Learning Styles of Three Built Environment Degree Programs 
Selecting only first years, differences were looked for in the learning styles of students according to their principal 
focus of study (table 1a). A one-way analysis of variance (with AC-CE and AE-RO as dependent variables and 
principal focus of study as the independent variable) confirmed that first years adopted similar learning styles 
irrespective of discipline (AC-CE: f (2,101) 1.223, p> 0.29; AE-RO: f(2, 101) 0.693, p> 0.503). The analysis was 
repeated for students in their third year of study (table 2). Results revealed there to be no significant difference 
between third year students studying architecture compared with third year students studying a combined degree on 
either the AE-RO dimension f(1, 46) .01p>.919, or the AC-CE dimension f(1,46) .086, p>.771. When learning style 
responses were combined for first and third year architecture and combined degree students (table 3), a one way 
analysis of variance revealed that there was no difference between all architecture students and all combined degree 
students on either the AE-RO dimension f(1, 122) .027 p>.869, or the AC-CE dimension f(1, 122) .413 p>.522. 
 

Table 1: a) First year Kolb LSI (II) Results. b) First and Third Year and Male and Female Kolb LSI (II) 
Results (AERO/ACCE). 

 
a) 

Construction 
Management 

Architecture Combined 

 M SD M SD M SD 

df f P 

AERO 2.37 12.27 5.76 11.47 4.68 13.45 2, 101 .693 .503 
ACCE 4.59 11.09 7.11 10.13 3.48 9.7 2, 101 1.223 .299 
 
b) 

1st Year 
    M           SD 

3rd Year 
    M                    SD 

 
Df 

 
F 

 
P 

Kolb AERO 4.62 12.14 3.36 11.50 1, 149 .362 .548 
Kolb ACCE 5.58 10.31 9.40 6.41 1, 149 5.469 .021 
         Males 

    M           SD 
          Females 
    M                    SD 

 
Df 

 
F 

 
P 

Kolb AERO 4.97 11.47 3.16 12.55 1, 149 .847 .359 
Kolb ACCE 5.51 9.52 8.58 9.52 1, 149 3.937 .049 

Source: (Author 2006) 
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Previous studies have shown that student learning style distributions differ significantly within the specific area of 
specialisation of their choice as well as by academic fields (D. A. Kolb, 2000). These findings are congruent with 
Kolb’s assertion (D. A. Kolb & Wolfe, 1981) that individuals tend to choose academic fields and careers whose 
learning environment value and nurture their own style of learning. Although in the Deakin sample there was no 
statistically significant difference between Kolb learning styles across degree types, trends indicate that students 
studying architecture tended to report a smaller proportion of diverging learning styles than CM students. For whilst 
among architects (in both the first and third years ) the proportion of divergers was low at 14% (compared to the 
eclectic spread of learning styles expected in those studying a generalist field of study (Nulty & Barrett, 1996), the CM 
cohort was comprised of nearly twice as many divergers.   

 
Table 2: Third Year Kolb LSI (II) Results.  

 Architecture Combined 
 M SD M SD 

df f p 

AERO 2.96 13.44 3.31 8.08 1, 46 .100 .919 
ACCE 8.55 6.60 9.21 8.99 1, 46 .086 .771 

Source: (Author 2006) 
 

Table 3: First and Third Year Architecture and Combined Double Degree Kolb LSI (II) Results.  
 Architecture Combined 
 M SD M SD 

df f p 

AERO 4.76 12.20 4.39 11.30 1, 122 .027 .869 
ACCE 7.62 9.01 6.53 9.04 1, 122 .413 .522 

Source: (Author 2006) 
 
4.3. Southern Drift: The Differences between the Learning Styles of First and Third Year Architecture and 
Architecture/Construction Management Double Degree Students 
Kolb suggests that learning styles are shaped gradually by individual experience. Nulty and Barrett (1996) suggest 
that this change is the result of a gradual process of adaptation to learning demands and to the reward systems 
students experience. As these demands and rewards are likely to vary in different disciplines, then a student’s 
adaptation to them might be seen as a gradual induction into the academic culture of their chosen discipline. It 
follows that a generalist educational experience prior to university would result in a comparatively diverse approach to 
study, for high school students, in order to be successful, could not risk aligning themselves too strongly with the 
learning style of one particular discipline. In contrast, students' attention at university is likely, as Nulty and Barrett’s 
findings confirm, “to be focused more on an in-depth study of a narrower range of disciplines. The nature of this 
experience is more likely to present particular learning demands which were not apparent at the secondary school 
level”  (Nulty & Barrett, 1996: 336). The suggestion in Nulty and Barrett’s study of fluidity in learning styles over time 
is borne out by Kvan and Yunyan (2005) who found that the proportion of accommodators increased from 16.2% in 
second year to 20.4% in third year.  
 

Table 4: First and Third Year Kolb LSI (II) Results.  
 M 

    1st           3rd 
SD 
    1st             3rd

 
df 

 
F 

 
P 

Kolb Concrete 26.16 23.18 6.78 4.11 1, 154 7.946 .005 
Kolb Abstract 31.12 32.00 6.64 5.21 1, 154 .646 .423 
Kolb Active 33.54 33.95 6.93 5.87 1, 154 .129 .720 
Kolb Reflective 29.25 30.85 6.96 6.89 1, 154 1.775 .185 

Source: (Author 2006) 
 
Results (table 1b) revealed that third year students had significantly higher ratings on the dimension of AC-CE (M 
9.40 SD 6.41) compared to first years (M 5.58 SD 10.31) f(1, 149) 5.469 p<.021. There was, unlike Kvan and 
Yunyan’s sample, no significant difference between first and third year ratings on the dimension of AE-RO f(1,149) 
.362 p>.548. However, as Levene’s test for homogeneity of variance was violated for the AC-CE dimension (1, 149) 
8.982 p<.003, these results need to be interpreted with caution. Levene’s test was satisfied for the AE-RO dimension 
(1, 149) .014, p>.907. A one-way analysis of variance also examined the relationship between age and gender on the 
learning style dimensions of AE-RO and AC-CE. Although there was no significant interaction between age and 
learning dimension; AE-RO f(1,149) 1.216 p>.272 and ACCE f(1, 149) .069 p>.793, a significant effect was found for 
gender (table 1b). A one-way analysis of variance revealed that females (M 8.58, SD 9.05) had significantly higher 
ratings on the dimension of AC-CE (f(1, 149) 3.937, p <.049) compared to males (M 5.51, SD 9.52). No significant 
difference was found between males and females on the dimension of AE-RO f(1, 149) .847 p>.359. As homogeneity 
of variance was not violated for either dimension (AE-RO (1, 149) .469 p>.495; AC-CE (1, 149) .009 p>.952) the 
results for gender can be interpreted with confidence. 
 
Evidence for different learning styles in more senior students is confirmed in the Deakin sample by one-way analysis 
of variance (ANOVA), see table 4, which demonstrates that first year students (M 26.16, SD 6.78) had significantly 
higher scores on the Kolb concrete experience mode than the third year students (M 23.19, SD 4.11)  f (1, 154) = 
7.946, p<.005. As there was no significant difference between first and third years on any of the other Kolb learning 
style dimensions, this shift away from the concrete experience mode accounts for the significant increase in learners 
at third year whose style can be plotted below the AE-RO (x) axis on the Kolb distribution graph. Gender was 
revealed to have no significant main effect on Kolb learning styles f(1, 152) 1.452 p>.230, and no significant 
interaction effect with student year level f(1, 152) .011 p >.917. 
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Source: (Author 2006) 

Figure 3: Graphs showing Kolb Learning Style Means for 1st and 3rd years combined 
and for 1st and 3rd year Architecture and double degree students. 

 
The learning style drift is highlighted in the two graphs in figure 2, where the eclectic scatter of learning styles seen 
for all first years is replaced by a range that has predominantly shifted south for all third years towards converging 
and assimilating learning – styles termed by Abbey et al. (1985) as Southerner (the name corresponds to the spatial 
location of this ‘secondary’ (as Kolb refers to it) style in the two-dimensional LSI cycle). The analysis of variance 
results can be qualified by a chi square analysis examining the relationship between student year level and the 
southern and northern dimensions of the Kolb Learning cycle (see figure 4). Although not significant at the .05 alpha 
level, the analysis revealed there to be a move towards a significant trend in the data χ2(1, N = 151) 3.109, p>.07 
towards Southerner learning in third year. Moreover, comparing percentages across year level for the dimensions of 
north and south in the Kolb learning cycle shows that for first year students there is a fairly even spread across the 
northern (40.4%) and southern dimensions (59.60%), while for the third year sample 74.5% of students were in the 
southern dimension and only 25.50% in the northern dimension. The southern drift from first to third year here is 
confirmed in figure 3, which illustrates movement south in the mean learning styles of the three cohorts available for 
comparison in the data; namely, all first years versus all third years, first versus third year double degree students 
and first versus third year architects. If, as Nulty and Barrett suggest (1996), learning style transformation is evidence 
of students’ gradual induction into the academic culture of their chosen discipline, then it follows that the Southerner 
learning style is that which we might expect to dominate final year architecture and double degree cohorts and the 
academic discipline as a whole. 
 

Crosstabulation: First and Third Year students and the Southern and
Northern Dimensions of the Kolb Learning Cycle.

42 12 54
37.2 16.8 54.0

77.8% 22.2% 100.0%
40.4% 25.5% 35.8%
27.8% 7.9% 35.8%

1.8 -1.8
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66.8 30.2 97.0
63.9% 36.1% 100.0%
59.6% 74.5% 64.2%
41.1% 23.2% 64.2%
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Source: (Author 2006) 
Figure 4: Cross-tabulation of 1st and 3rd years and the Southern and  

Northern Dimensions of the Kolb Learning Cycle. 
 
Indeed, bias towards Southerner learning in those who teach architects is confirmed in studies by Powell and 
Cardona (unpublished) and by Kolb (1982). Powell and Cardona’s investigation of 45 tutors from 6 British schools of 
architecture showed them to heavily favour Kolb's categories of 'reflective observation' and 'abstract 
conceptualization'. Furthermore Kolb's review of individuals who give design guidance shows the majority to be 
'assimilators.' This persuasive evidence for what might be termed a ‘Southern Drift’ in latter study cohorts towards the 
Southerner learning of architectural academia is in line too with the findings of Demirbas and Demirkan (2003), who 
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found a style distribution in freshman architects loaded north towards concrete experience. It is also consistent with 
the findings of Nulty and Barret  (1996), which indicated that students in the first third of their studies adopted learning 
styles similar to each other, irrespective of main discipline, while the learning styles of students in the final third of 
their studies tended to be specialised in relation to their chosen academic discipline.  Of course, the studies of Kolb 
and Wolfe (1981) and of Newland et al. (1987) showing the majority of architectural practitioners (rather than 
students or academics) to be accommodating learners might be evidence of a further learning style transition during 
architectural practice. 
 
It might be speculated, in line with Nulty and Barret’s hypothesis, that the lack of statistic significance for differences 
between Deakin degree-cohorts can be explained by the present lack of data for third year construction managers 
preventing a comparison of the two cohorts with the least similar learning experiences, for whereas third year 
architecture and double degree students have shared learning experiences, architecture and construction managers 
have followed divergent study paths. Towards the conclusion of our research program at Deakin this hypothesis will 
be tested when fourth year architects and construction managers are asked to complete the LSI. Further evidence of 
learning specialisation in the Deakin sample is provided, however, in a further comparison of first and third year 
cohorts that examines the dimension identified by Kolb as a measure of bias towards one particular learning style; i.e. 
the distance of a learner on the Kolb grid from the point at its centre of perfectly balanced learning (D. A. Kolb, 1999). 
Accordingly, the closer the learning style is to the centre of the grid the more balanced that style is. As we can see 
from figure 5, when comparing distances from the grid centre for the mean learning styles of first and third years, in 
every case the learning of the third year cohorts is more specialised - i.e. further from the origin. 
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Figure 5: Graphs showing the distance from grid centre (i.e. greater distance = greater learning specialisation) 
for Kolb learning style means for 1st and 3rd years combined and for 1st and 

3rd year architecture and double degree students. 
 
CONCLUSION 
The study reported here was prompted by an investigation into the possibility of matching styles of teaching with the 
styles of learning of international architecture students or, indeed, vice-versa, in the context of a third-year 
collaborative design project. This led to an examination of the learning style characteristics of 152 first and third year 
domestic and international students enrolled in architecture and/or construction management (CM). In the course of 
this study, we have sought to answer two questions which we shall consider now in turn.  
1. Are there marked differences between the learning style profiles of the three degree programs? The most 
significant difference between cohorts was found when comparing CM students against architects, for whilst the 
proportion of divergers was low for architects at 14.3%, the CM cohort was comprised of 25.9% divergers and only 
25% accommodators. Thus, the learning styles of architects in the Deakin sample tended to lie to the south of 
construction managers in terms of spatial location in the two-dimensional LSI cycle. It was also found that the mean 
learning style of females in the sample as a whole was significantly further south than the mean learning style of 
males. 
2. Are there marked differences between the learning style profiles of the first and third year cohorts? As a large 
part of design education is concerned with the development of new learning skills, values and knowledge so that 
eventually students are able to think and do as their teachers, we might expect learning styles to move away from the 
diversity of high school students to the specialist learning styles of built environment academics. The research of 
Powell and Cardona (unpublished), Kolb (1982), Nulty and Barret (1996) and Demirbas and Demirkan (2003), whilst 
all reporting different learning style profiles in different kinds of cohorts and teacher groups, is entirely consistent with 
this hypothesis. Indeed, the statistically significant relationship that is found in the Deakin study between learning 
styles and year of study, suggesting a Southern Drift towards the abstract conceptualisation mode of the learning 
process as students progress towards the completion of their studies, might explain why many studies of the 
personality characteristics, learning and cognitive styles of practitioners and of students at different stages of their 
education appear conflicting. Of course, the case for a Southern Drift can only remain a suggestion of the Deakin 
study until further evaluation of the cohorts allows for learning style surveys of students throughout the five years of 
their education. If, however, evidence for this learning style fluidity is demonstrated by further research the 
implications for design education could be significant. For example, ignorance of this fluidity and failure to 
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acknowledge it in teaching might prove especially problematic for international students arriving in Australian schools 
at various stages of education not always equivalent to their Australian peers. Indeed, experience at Deakin has 
suggested that that such a mismatch in learning styles might be the cause of many reported problems of international 
students in their early years in Australia, especially when these international students are asked to design 
collaboratively with peers often with different learning experiences from different design education backgrounds.  
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This paper describes the conversion from a solid modelling computer-aided design program, 
Auto•des•sys’s  “FormZ”, to a surface modelling computer-aided design program, @Last’s “Sketch 
Up”. FormZ had been employed for initiating first years into CAD for 15 years prior to the decision to 
switch to Sketch Up. It had been selected for its intuitive interface, internal rendering and animation 
capabilities.  
 
This paper describes the motivation to switch from FormZ as the design software of choice for first 
years, despite Yehuda Kalay, in Architecture’s New Media, describing solid modelling as the 
“representation of choice…in architecture” (Kalay, p.146). It covers the selection of a suitable 
replacement program, the implications of using a surface modeller for designing, the 
creation/conversion of teaching resources and the process of familiarising teaching staff with the 
new software. Notably, the change has maintained the School’s desire to immerse students early in 
3D modelling while reducing some of the side effects that digital media can have on student’s 
attention to the actual design idea. 
 
It concludes by reflecting upon the development of design skills and design sensibility in first year 
students, their evaluation of the efficacy of this program and whether Kalay’s assertion is applicable 
to the early years of design education. 
 
Conference Theme: The Education of Future Architects 
Keywords: CAD, Sketch Up, active learning, design 
 
 

1. INTRODUCTION 
 
1.1 Objectives 
3D Modelling provides students with the opportunity to design in representational style that most directly relates to 
the final result – a 3D object. Its strengths over traditional 2D representation are well documented (Kalay,p.133). The 
major drawback of this type of representation is that students are introduced to it late in their studies, at tertiary level, 
and are so less familiar and comfortable with it as a style of creative expression. This particularly affects professions 
such as architecture and landscape architecture that rely on visual expression for the development of design 
concepts and ideas. Thus the choice of tool to introduce students to this method of representation becomes critical in 
the success of developing 3D spatial awareness and that designing IS possible using a less abstract form of 
communication. 
 
For a school to choose one tool over another requires careful consideration of the school's approach to digital design, 
the affordances of the tool and its place in the overall development plan of student skills and knowledge. For the past 
15 years the School of Architecture, Landscape Architecture and Urban Design at the University of Adelaide, 
Australia had chosen form•Z by auto•des•sys. After a recent review of the school's entire program it was decided to 
shift to a different tool for first year transition students for a number of reasons which are outlined in this paper. We 
used the terminology ‘transition students’ to describe the students ‘in transition’ from high school to undergraduate 
studies as they make up the majority of our first year intake. 
 
Firstly we review our original program and what led to the decision to change track on how we teach design to 
transition students. This is then followed by a detailed discussion and evaluation of the new track, from the practical 
perspective of how resources were created and staff trained as well as a reflection on the differences between the 
two tools. We then conclude by reviewing whether the new approach, undertaken for the first time in semester 1, 
2006, has achieved our aim of increasing transition students' confidence in their developing design skills. 
 
1.2 Background 
The school has been using the 3D solid modeller, form•Z by auto•des•sys, since the early 90s. It was integrated into 
our programs on many levels from design to construction, underpinning our emphasis on raising the 3D spatial 
awareness of our students. Long have we abandoned software training for its own sake, (van Merrienboer, J.J.G., 
2000). This paper argues that:  
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A distinction is made between contributions concerned with task and content analysis, design and selection of 
instructional methods, and instructional message design. Three major trends indicate a shift in focus: 
 
• from narrow learning tasks for operating the software /per se/ to rich learning tasks for using the software in the 
context of meaningful task performance; 
 
• from methods that stress procedural descriptions and related exercises to methods that stress guided exploration 
and scaffolding and so aim at deep system understanding, and 
 
• from low-load presentation formats to formats that also evoke active processing and elaboration of presented 
information.  
 
These trends indicate the end of software training. It has grown up and is no longer fundamentally different from 
regular professional skills training. (van Merrienboer, J.J.G., 2000). 

 
It is important and timely to publish this paper on more relevant software for first year design students. Following from 
Merrienboer’s remarks we used digital ‘games’ to explore issues related to architecture and landscape architecture 
as well as building skills in digital representation and presentation. At the heart of these games were form•Z models. 
The program was chosen to be the modeller of choice as it was considered to be better than comparable products in 
its time for its intuitive interface, sun study abilities, ease of object creation and efficient file size for result. The ability 
to create objects in a number of ways meant that complex models could be made without the drawback of having to 
follow a narrow procedure enabling flexibility for the budding designer in how they wanted to approach their digital 
designing. The integral rendering and animation components of form•Z also facilitated the creation of digital material 
that was impressive even at first year level.  
 
Transition students attended one lecture a week and had one two hour workshop in the computer suites. Workshops 
focused on developing skill in the program and design using the above mentioned games, an example of which is 
available at http://www.arch.adelaide.edu.au/games/utzon_block_game/. Some games used pre-existing 
components; others required the creation of form. The first semester design course, Computer-aided design 1, 
focused on a form-making approach to design rather than conceptual. Form•Z supported this approach with many 
tools to create free form objects. This course was then followed by Composing Architecture and Landscapes 1 which 
moved the emphasis more strongly onto design, in particular design strategies within the same contact time format. 
Consequently transition students were given a full academic year immersed in design and 3D modelling. 
 
Some of the positives of the form•Z program however worked against it when used with first year students. Its heavily 
moded interface, for example, while an advantage to the experienced user, left many new users confused. Having a 
large number of modes that affected the operation of the system meant that it was easy to accidentally set (or not 
set) modes correctly and thus not achieve the outcome expected. The impressive rendering capabilities of the 
software meant that some students became distracted with materiality and lighting effects which were well beyond 
what was required for a sketch design. Despite discussions of appropriate levels of detail, the ability to create 
superfluous detail and effects was too great a temptation resulting in image renderings that took many hours or days 
to finish. The tool offered too many inviting side distractions that resulted in less design exploration and idea 
generation. The student would then feel cheated that they had, in their perspective, spend many hours on a design to 
achieve a marginal result when in fact all the hours had actually been spent on the rendering not on designing. 
 
As we were part of the joint study group for this program it often meant we were at the bleeding edge of the 
program’s development. Each year we would report on our use of the program and issues that arose. From an early 
stage we were feeding back to the company that the number of bugs in the program had the effect of destroying 
student confidence in their instructors and the program. Program instability is a significant negative when developing 
design confidence in transition students. The need to gain mastery in a new medium while learning a new language, 
designing, often created an over emphasis on the medium. When that medium or rather the program exhibited 
unreliable behaviour, such as freezing or closing without warning, student confidence plummeted. 
 
In 2005 it became apparent that form•Z had grown substantially in sophistication beyond what we required for an 
introductory design program. We needed a tool that could refocus students' attention onto design rather then 
becoming fixated with the tool and the 'eye-candy' renderings it could produce. We needed a simple tool that was 
directed at the concept and sketch design phase and this is where @last's, (now Google's) Sketch Up appeared to 
meet our requirements. We perused the relevant literature which revealed few studies comparing different design 
tools, other than software reviews. The only place we could find information of this kind was in blogs on SketchUp’s 
website, (http://forum.sketchup.com/showthread.php?t=35423). 
 
1.3 Changing track 
Sketch Up was chosen by the school as a replacement for form•Z, as the principle 3D modelling software program in 
first year for a number of reasons, but primarily because it is more suited to the conceptual nature of first year 
projects. As the name suggests the program concentrates on conceptual visualization – the initial stages of a design, 
which is where first year students should be aiming: concepts, design briefs, considering various design options. 
form•Z is a much more complex approach to modelling, is more time consuming and whilst it produces a far more 
polished, finalised piece this is possibly misleading for first year students where the focus should be firmly on 
developing communication skills in order to explicate design. 
 
In conjunction with its sketch design approach, Sketch Up also has a wide range of support in the form of easy to 
follow manuals and workbooks, downloadable components and Internet tutorials. These tutorials in particular, 
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available to view freely from Sketch Up’s website, are particularly valuable as it is possible to incorporate them into 
our curriculum. They cover most, if not all, of Sketch Up’s tools and allow the workshop sessions to concentrate on 
design rather than just keyboard skilling. Students are made aware of their existence and know that if they have a 
technical problem they can run through these tutorials, at their own pace, to solve the problem. Form•Z does not 
feature such a powerful support network and as a result was much less suited to first year students, particularly first 
semester where students, most of whom are school leavers (65%) find the change from school to university a 
significant challenge. 
 
1.4 Context: The Course 
Sketch Up was taught within a 6 point compulsory Level 1, Semester 1 course “Human Environments: Design and 
Representation”. The aims of the course are stated in Course Outline: 
 

This course provides an introduction to the fundamentals of design with particular reference to the built environment 
including the relationships of climate/site, culture/history and technology, with the making of projects, and strategies 
for designing. The course engages students in active learning through research and project work, both individually 
and in collaboration with others, to translate ideas and concepts into form in a meaningful way. The course 
emphasises developing design communication skills; hand/manual and digital drawing, oral presentation with 
appropriate visual aids, and written communication (Shannon, 2006). 

 
The course objectives were instrumental and described the skills to be acquired – designing and representation skill 
sin manual and digital media. 

Knowledge and Understanding 
This course is designed to equip students with initial designing and representation skills in manual and digital media 
that will enable them to communicate designs of their own making. 
Communication Skills 
The continuing development of good inter-personal and communication skills is widely recognised as important for 
all graduates.  This course specifically seeks to develop students’ abilities to make individual oral presentations 
related both to work in progress and completed sketch designs. Students should be able to form and express 
criticism of their own work (Shannon, 2006). 

 
The six hours weekly contact time comprised Lectures (2); Design Workshops in the Computer Aided Design Suite 
(2) and Design Workshops in the Design Classroom (2). Sketch Up was introduced in Orientation week and students 
were also advised by email upon enrolment (online) to start investigating the Sketch Up online tutorials to be primed 
for the O-week Sketch Up preliminary familiarisation session .Two hour Workshop sessions were held three times a 
week enabling a flexible timetable. Some students completed their Workshop prior to Tutorial and one lecture, for 
other students the order was reversed. However, the ideal was to receive both the Lectures prior to undertaking the 
Workshop and Tutorial as the Lectures unpacked the theory for that week’s Workshop and Tutorial.  
 
There were three design assignments – a Four Generation Retreat (handed in after 6 weeks); a Bird Hide at Banrock 
Station (handed in after 9 weeks) and an outdoor Sculpture Garden (handed in after 13 weeks). The Four Generation 
Retreat required students to design a small retreat for any one of four generations – teenagers, young couple, 
parents or retired. The assignment hand-in required was completely digital, demonstrating design skills 
communicated in Sketch Up and was handed into vGallery (Shannon, Roberts and Woodbury, 2001). An example is 
shown in Figure 2. Grade distribution is given in Figure 1. The Banrock Bird Hide hand in was a set of hand drawn 
orthographic projections accompanied by Sketch Up generated experiential views and sun studies. The medium for 
the final assignment hand-in the Outdoor Sculpture Park was less defined but the requirement to generate an 
accompanying 30-60 second animation as a promenade through the sculpture garden mandated the use of Sketch 
Up to create a site model. 
 
2. METHOD 
 
2.1 Creation and conversion of Teaching Resources 
The catalyst behind the move from Form•Z to Sketch Up as the principal 3D modelling package in first year was an 
intensive six-week Adelaide Summer Research Scholarship research workshop held during November and 
December 2005, involving five academic staff within the school and ten experienced and accomplished Design 
Studies students. The five academics included the course coordinator, digital media coordinator and three guest 
lecturers, while the ten students who would act as future studio demonstrators completed the workshop research 
team. The overarching goal of the research workshops were to compare Form•Z  and @Last’s “Sketch Up” as 
suitable interfaces for learning and design in first year. The key objectives of the workshop research program were a) 
to adequately train a group of teachers, consisting of both academics and students previously mentioned, to staff the 
digital workshops within Human Environments, and b) to devise a series of new digital ‘games’ to be delivered within 
these sessions. The games are weekly, assessable exercises that introduce students to new tools in Sketch Up 
through design-oriented problems. 
 
The ten students involved in the Adelaide Summer Research Scholarship workshop spent the six weeks learning 
Sketch Up, experimenting with its compatibility with other software packages and devising new concepts for the 
workshop games. They were introduced to the software in a concentrated session at the start of the program from 
registered experts from the software suppliers, and also had training manuals, workbooks and web tutorials. Each 
week the academics met with the students to discuss their progress along with any new concepts they had 
developed for the workshop games. 
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In creating the new set of digital games for Human Environments it was important to firstly establish if any of the old 
games were compatible with either Sketch Up or the new direction the course was taking. Two existing exercises 
involving the study of the architectural languages of prominent architects Jorn Utzon and Frank Gehry, were 
maintained as they easily translated into Sketch Up and were central to the course objectives of Human 
Environments. Other exercises from CAD 1 were stripped down to their core theme and then transformed into new 
games. Such games involved topics including information hierarchy, materiality and terrain modelling. In conjunction 
with these refreshed topics, entirely new games were also introduced. In previous years in CAD 1 the first tutorial 
(now workshop in Human Environments) was a very basic introduction to Form•Z, where students were familiarized 
with the interface and elementary modelling skills. The two-hour session was not overly popular with students as 
there was no real sense of accomplishment at the end of it. Sketch Up’s more intuitive nature allowed the opportunity 
to refresh this introductory session and create a more design-oriented game that would immediately introduce 
students to the world of architecture. Software packages, particularly CAD programs, can be quite overwhelming for 
beginning students and the idea of generating a 3D model of a building may appear somewhat out of reach. Bearing 
this in mind, it was felt that by creating such a model in the first week of the course, students would overcome this 
hurdle and progress much more quickly in both their design and communication skills. After much consideration and 
development this introductory session would see the students generate a 3D CAD model of Robert Venturi’s Vanna 
Venturi House. The choice of Venturi gave students the opportunity to study the works of a Pritzker Prize winning 
architect, and introduced them to the concept of architectural language and precedent. Students were led by the 
digital media coordinator during the session and followed a step-by-step process to create the model. Students were 
assisted by a studio tutor and studio demonstrators and were encouraged to further develop the model alongside 
their fledgling Sketch Up skills over the course of the following week. 
 
Other workshop games that were developed during the summer scholarship program included a Four Generation 
Retreat, where students were required to produce concept designs for four different clients and study how the 
different clients’ briefs altered their approach to the design. This game also led into the first assignment in Human 
Environments (Figures 1 and 2) where students were asked to further develop one of their concepts. Due to Sketch 
Up’s intuitive nature we were also able to introduce topics such as materiality and animation during first semester, 
both of which were held back until second semester in previous years, due to their complexity within FormZ. The 
incorporation of animation in the course was the driving force behind the third assignment, the design of a Sculpture 
Garden, as it allowed students to explore the concepts of movement and experience, through digital representation. 
The ability to produce fast and accurate sun studies in Sketch Up also enhanced assignment two, the design of a 
Bird hide at Banrock Station, the only assignment retained from 2005. 
 
2.2 Running on a new track 
The digital workshops often required students to research topics and complete work outside of course contact hours. 
The assessment criteria for each exercise covered three key areas – technical ability, design quality and reflection. 
Firstly, it was important that students learnt and retained the technical skills presented during the workshops. 
Technical processes were presented in front of the class, of around 40 students, on a projector by the lead tutor. 
These ‘instruction’ periods would generally last for around 25 minutes and were followed by one-on-one help in a 
studio environment. If the instruction period was more complex it was broken down into two, or even three, sections 
over the two-hour session. Secondly students had to demonstrate a strong design quality in their work alongside 
technical ability. This was assessed through the students’ responses to specific design problems, for example spatial 
arrangements in a small dwelling or sun analysis for a bird hide, as well as their understanding and implementation of 
specific design philosophies, such as an architectural language or ordering principles. Thirdly reflection was 
assessed through the students’ 200-word statements which included feedback on the exercise, their personal 
understanding of any introduced design principles, and any problems they faced during the course of the week. This 
weekly feedback allowed an ongoing assessment of the workshops over the semester, making it possible to 
immediately address any serious issues. 
 
The feedback provided by the students each week proved to be extremely useful. The initial process regarding the 
workshops was as follows: once the students had submitted their work (online to a virtual gallery, vGallery) Author 3 
read through their responses and extracted any prevalent topics, for example a general inability to perform a 
technical task in Sketch Up. With this information in hand a group discussion would be initiated at the beginning of 
the following workshop with the students (around 40 in total who attended the Workshop). While these issues were 
addressed within the class and either a response or a solution provided, depending on the issue, many students were 
unwilling to verbally communicate their concerns, in front of such a large group. Bearing this in mind, a different 
approach will be trialled next year, firstly addressing the cohort as a whole and then breaking the students down into 
groups of 5 to 7 for detailed discussion of issues. 
 
Generally the weekly feedback from the students was positive, particularly from two students who failed the 
corresponding course in the previous year, when Form•Z was in use. Both students commented repeatedly on the 
ease with which they were able to communicate their design ideas in Sketch Up as opposed to Form•Z. Their 
positive comments ranged from topics such as Sketch Up’s interface to the simplicity of its approach to modelling, as 
one noted, “simply the way in which we create objects is so much easier.” 
 
3. RESULTS 
 
3.1 Evaluation through Assessment 
Evaluation of students’ competence and confidence with Sketch Up was sought – the former through assessmant 
submissions and the latter through student evaluation of learning and teacing (SELT). Figure 1 shows the grade 
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distribution for students’ Four Generation Retreat submission in Week 6. Of 101 students who submitted assessable 
work (on time to the vGallery) 11% (11 students) failed. Whilst we are not happy that anyone failed, the competence 
with Sketch Up exhibited by the majority of students is admirable after only 6 weeks of immersive instruction. Tim 
Hastwell’s distinctive submission is displayed in Figure 2 as an example of competent communication. The criteria 
based assessment focused on Formmaking, Relationship with the site, Functionality for users, Representation skills 
and the Number and qulity of design ideas incorporated in equal measure -  but as the design ideas were all 
communicated using newly developed Sketch Up skills, competence in Sketch Up underpinned students’ success. 
 

Human Environments: Assignment #1 (Four-Generation Retreat) Grade Distribution

5.0%
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Figure 1: Grade Distribution for Assignment #1 in Human Environments, 

submitted in week six. 
 
 

      
Figure 2: Tim Hastwell Images. Four Generation Retreat, Week 6 (used with student’s permission). 

 
3.2 Student Evaluation of Learning and Teaching 
Students participated in pre Course online questionnaire with questions based on a selection the School has used for 
many years to ascertain the base level of communication skills for beginning students. For the second time in 2006, 
this Questionnaire was delivered online through vGallery (Shannon, Roberts and Woodbury, 2001) to all commencing 
students. Response rate was 71/105 = 68 % which is acceptable for an online surveying technique (Dillman, 2000). 
 

Table 1a: Pre Course Student Evaluation 
Question Mean 

7 point Likert scale 
where 1= never used it 

and 7 = thoroughly 
familiar 

No and % of 
respondents who 

scored 5-7 on Likert 
scale 

No and % of respondents 
who scored 2-7  
on Likert scale 

[showing some familiarity] 

5. How familiar are you 
with using a PC (personal 
computer)? 

 
4.80 

 
48 (68%) 

 
71 (71/71 = 100%) 

14. How familiar are you 
with object-oriented 
drawing programs (like 
Canvas, CorelDRAW?) 

 
 

1.76 

 
 

4 (6%) 

 
 

32 (32/71 = 45%) 

15. How familiar are you 
with other programs for 
creating 2D drawings? 

 
1.50 

 
7 (10%) 

 
27 (27/71 = 38%) 
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Table 1b: Pre Course Student Evaluation 
Question Mean 

7 point Likert scale 
where 1= never used it 

and 7 = thoroughly 
familiar 

No and % of 
respondents who 

scored 5-7 on Likert 
scale 

No and % of respondents 
who scored 2-7  
on Likert scale 

[showing some familiarity] 

17. How familiar are you 
with SketchUp? 

 
1.30 

 
1(1%) 

 
24 (24/71 = 34%) 

19. How familiar are you 
with autoCAD? 

 
0.96 

 
0 (0%) 

 
16 (16/71 = 23%) 

20. How familiar are you 
with archiCAD? 

 
0.20 

 
0 (0%) 

 
4 (4/71 = 6%) 

21. How familiar are you 
with other computer-aided 
design (CAD) programs? 

0.60 0 (0%) 9 (9/71 = 13%) 

 
Post Course evaluations were conducted as anonymous Student Evaluation of Learning and Teaching (SELT) 
Course evaluations and analysed and reported centrally by the Centre for Learning and Professional Development. 
The post course SELT focused on understanding students’ confidence with their new digital learning environment 
and their self statements about their confidence with digital modelling and designing.  The questions were asked in 
Week 12 at the conclusion of the course. Response rate was 81% where there were 105 eligible students and 85 
completed questionnaires (note, not every student completed every question). Table 2, following, describes the Mean 
on a 7 point Likert scale where 1= strongly disagree and 7 = strongly agree. The total number and percentage of 
respondents to each question who agreed with the statement and scored positively (Likert 5-7) are then given. 
 

Table 2: Post Course Student Evaluation  
Question 

Overall Response rate 85/105 = 
81% 

Mean 
7 point Likert scale where 1= strongly 

disagree and 7 = strongly agree 

No and % of respondents who 
scored 5-7 on Likert scale 

I feel confident about my Sketch 
Up communication skills. 

5.60 70 (70/79 = 89 %) 

Sketch Up was easy to learn. 5.60 68 (68/80 = 85%) 
I feel confident about learning 
new graphics packages as a 
result of learning Sketch Up. 

5.70 70 (70/80 = 88%) 

My ability to represent a building 
with Sketch Up is good. 

5.60 68 (68/79 = 86%) 

I need a lot of help with Sketch 
Up in every Workshop. 

3.10 20 (20/80 = 25%) 

I feel confident about my 
sketching (diagrams and field 
sketching) skills. 

5.40 65 (65/80 = 81%) 

I feel confident about my 
orthographic projection skills 

5.30 64 (64/80 = 80%) 

I feel confident about my 
designing skills. 

5.60 73 (73/79 = 92%) 

 
3.3 Sketch Up Feedback 
We sought feedback from all staff involved in the instruction of Sketch Up. This included feedback from 7 immediate 
staff members to a series of co-constructed questions to determine the views of teachers about students learning 
Sketch Up. 
 

Table 3: Teachers’ views of students’ learning Post Course 
# Question on 7 Point Likert scale where 1= not successful at all and 7= 

extremely successful 
Mean and (no of  Likert 
responses Scale 5-7) 

1 
 
a. 

How successful is Sketch Up as a tool for beginning students for 
getting what’s in their mind down onto paper (aka the screen)  as a preliminary 
design idea 

 
 

5.71 (7/7) 
b. generating lots of alternative design ideas (formal idea generation) 4.71 (5/7) 
c. Presentation of design ideas at a work in progress state for discussion over 

the screen 
5.71 (5/7) 

d. Presentation of design ideas for formal assessment purposes 6.0 (7/7) 
2. How successful were the Workshop topics as a device to sequentially lead 

students through Sketch Up skills acquisition? 
5.71 (7/7) 

 
3.4 Student Evaluations 
The pre Course evaluations show that all students have used a personal computer with 68% very or thoroughly 
familiar with a PC. Very small numbers (6 and 10%) are familar, very familiar or thoroughly familiar with object 
oriented drawing programs and other programs for creating 2D drawings, although larger numbers have some 
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familiarity with these tools. Students revealed that they do not possess familiarity with architectural graphics 
packages Sketch Up (1%) and autoCAD, archiCAD and other CAD programs (0%) although a pleasing number 
(34%) have sampled Sketch Up before Semester commences.  
 
After 12 weeks of structured Sketch Up workshops 89% of students have revealed that they have attained confidence 
with Sketch Up (89% scored 5-7 on Likert Scale) and 85% thought Sketch Up was easy to learn. These are very 
encouraging results about acquiring skills in a graphics package – and 88% of students feel confident about learning 
new graphics packages as a result of learning Sketch Up. This augurs well for Semester 2 when they learn AutoCAD, 
with which none of them are familiar. Whilst 25% of students say that they need a lot of help with Sketch Up at every 
Workshop, clearly many of these students nevertheless feel that they receive this supportive help which allows them 
to declare that they are confident with their Sketch Up skills notwithstanding. 
 
Students were asked about their ability to represent a building with Sketch Up – as this is the principal reason for 
teaching Sketch Up or any graphics package. Eighty six percent of students agree that they have a good, very good 
or excellent ability to represent a building with Sketch Up.   Looking at Designing skills, 92% of the class feel 
confident, very confident or extremely confident with their designing skills – and this is very encouraging too. Sketch 
up, along with the simultaneously taught manual sketching and orthographic projection skills are a means to this end 
– acquiring confidence with designing, representing and communicating a design of their own making.  
 
In their open ended answers, students were asked about their learning in the course “Human Environments: Design 
and Representation” in which the Sketch Up instruction took place. There were very few open-ended responses 
relating to Sketch Up and the Design Workshops at all. Some students commented about learning Sketch Up in the 
Question 30  “This course could be changed in the following ways to improve my learning” where we may be 
apprised of their concerns about learning Sketch Up. We have repeated all the Workshop and Sketch Up related 
comments to indicate just how little concern students felt about learning Sketch Up, and that generally students who 
commented wanted more CAD instruction, more slowly, although 2 students also asked for an industry standard 
program (they do autoCAD in Semester 2) and one for less focus on computing and more on alternative means of 
communication. 

- Sketch Up should assist design skill development rather than using design to assist Sketch Up 
development. I think design skills development therefore became subservient; 

- The Workshop classes could be smaller or the microphone turned louder so that it is easier to hear; 
- Increased understanding of Sketch Up details 
- Use an industry CAD program 
- There is too much emphasis on the computer aspect, which is hard for students who struggle with it. Every 

single assignment required the generation of a sketch Up model; it might be good to have one that was 
manual 

- Clearer explanations while using Sketch Up  
- More Workshops 
- More CAD 
- Go slower in CAD Workshops – some people have trouble keeping up 
- Using an industry standard CAD program – or at least discussing them 
- More computer work 
- More workshops concentrated on skills that will be used directly in your assignments 

 
3.5 Teacher Evaluations 
Two very experienced University teachers and five inexperienced first time demonstrators who had undertaken a six 
week Summer Scholarship to develop their Sketch Up skills taught in the structured Sketch Up Workshop sessions.  
All thought that the Workshop topics were a successful, very successful or extremely successful device for 
sequentially leading students through Sketch Up skills acquisition. 
 
All thought that Sketch Up was successful, very successful or extremely successful as a tool for beginning students 
for getting what’s in their mind down onto paper (aka the screen) as a preliminary design idea. Similarly they all 
thought it was a successful, very successful or extremely successful as a tool for beginning students for presentation 
of design ideas for formal assessment purposes.  
 
Two teachers disagreed that Sketch Up was successful for generating lots of alternative design ideas (formal idea 
generation). One teacher, scoring 2/7, observed that “once the students have modelled their design they are less 
inclined to generate alternative ideas simply due to the time taken to initially model. I didn’t really see much formal 
idea generation. Maybe we should have included a manual drawing tute on loose sketching and thumbnail sketches 
for generating lots of alternative design ideas”. The other teacher, scoring 4 (neither successful nor unsuccessful) 
observed that “Sketch Up does limit the complexity of a design”.  
 
Two teachers believed Sketch Up was neither successful nor unsuccessful for presentation of design ideas at a work 
in progress state for discussion over the screen. Both thought Sketch Up per se was neither successful nor 
unsuccessful – one thinking that students would benefit more from keeping images of “CAD models in the work in 
progress stages” [independent of the modelling program] and making “reference to how [your] their design has 
progressed and why [you] they have made certain decisions about [your] their design. The other said that “most 
students were happy to discuss their Sketch Up images as works in progress BUT with many sketches at hand to 
further aid them. The students basically saw the Sketch Up programme as a presentation tool designing on paper 
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first and then transferring the information at the end of the project – and this was very evident in the final submission 
of the Sculpture Park.” 
 
In their open ended responses to the Question: What problems did students encounter learning Sketch Up?” 
teachers revealed that they  were generally very positive about Sketch Up with a few exceptions: 

- compared to Form Z, particularly in 2005, very few - Sketch Up is much more intuitive, has far fewer bugs / 
software problems and is much more accessible (free download, online tutorials etc). Sketch Up’s modelling 
capabilities aren’t as sophisticated as Form Z – however they are sufficient to achieve our goals in first 
semester, first year. 

- Artificial lighting 
- When objects don’t form such as faces don’t connect, this is a Sketch Up dilemma. Trial and error used 

frequently. Though it is easy to understand how to follow an axis or use midpoints, endpoints and so forth, 
sometimes it can be an agitation waiting for that operation to activate. 

- Most commonly it was students not previously experienced with digital media for getting their ideas out; 
therefore I believe it was actually students relying on the program to generate their ideas for them rather 
than themselves sketching on paper to better understand what their ideas are. 

- I don’t have any negatives about the session as week to week, they were perfect and most questions were 
answered immediately and understood by the students. I think that Josh’s step by step procedures at the 
start of each lesson was very valuable to the learning of each of the students. On a few small cases the 
students that had problems following Josh were ones that showed up late and left early weekly. 

 
Overall students and teachers agree that Sketch Up is a suitable graphics program for commencing students with 
little prior computer graphics background. The majority of students agree that they are now confident users and that 
they also have confidence in learning new graphics packages as a result of learning Sketch Up. The majority of 
students say that their ability to represent a building with Sketch Up is good, and the highest number of respondents 
(92%) say that they are confident with their designing skills. Whilst it cannot be said that Sketch Up created this 
confidence – clearly Sketch Up did not suppress it either.  In regards to Kalay's assertion that solid modelling is the 
“representation of choice…in architecture…for visualisation” (Kalay, p.146), it cannot be substantiated that for 
transition students that this statement holds. The advantages gained using a simpler surface modeller included a 
greater focus on design rather than the complexities of the tool, less time lost rendering realistic but superfluous 
detail and less stress experienced with software failure. This course illustrated to us that the hybrid approach, paper 
and digital, is still the most comfortable for transition students.  
 
4. CONCLUSION 
The tool is only one part of the overall strategy for teaching design to transition students. In this paper we have 
outlined how we have ‘wrapped’ the tool around the design exercises and skill development, rather than making the 
tool the focus. In developing material for using digital means in design, the tool must be kept in its place behind 
developing design skills. Approaches which emphasis the tool fail to illustrate to students how design and digital 
representation are complementary in exploring ideas. The lack of familiarity with digital expression, as highlighted by 
comments earlier in regards to design exploration, is perhaps the most challenging of areas to overcome. The 
expectation that this familiarity with 3D modelling will increase with each new intake has not yet been realised. This 
requires recognition that transition students will still carry a digital naivety in respect to 3D expression for some time. 
 
The decision to change the tool of choice for 3D modelling and design was not one taken lightly. It required a 
significant amount of work in changing and updating resources, training staff and developing new material that took 
into account the differences in using a surface modeller. Overall we consider it to be a success at addressing the 
issues that the use of form•Z raised for beginning designers. Areas of further development for next year include 
strategies for increasing idea generation and greater integration of paper and digital so it is not seen as one OR the 
other but both methods informing the designer in the creation and development of an idea. 
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ABSTRACT: The strengths and weaknesses of architectural science research from the 1960s to the 
present are evaluated to identify necessary changes in goals and techniques as a response to new 
challenges and design directions.  The traditional approach of simple, carefully-controlled studies with a 
concentration on physical and physiological issues treated different sensory modalities as being 
independent and largely ignored people’s psychological interaction with their environment.  Resultant 
problems, such as the sick building syndrome, are discussed and on this basis it is argued that 
architectural science is ill-prepared to adequately research people’s interaction with the more natural 
environments that are an inevitable outcome of design philosophies embracing sustainability and 
minimal impact on the external environment.  Architectural science needs to recognise and research 
the complexity of people’s interaction with the sensory world and this should be tackled as an essential 
element of research relating to the adoption of low-impact strategies.  Very recent neurophysiological 
research findings concerning interaction between sensory modalities are discussed and their 
implications explored as part of an examination of this new research challenge. 
 
Conference theme:  Human issues 
Keywords:  sensory richness, sustainable design, interdisciplinary research and design practice 
 
 

INTRODUCTION 
The statement was made in the published information about this 40th Architectural Science Association Conference 
that, referring to architectural science research, “the focus has shifted from protecting the people to protecting the 
environment”.  The statement may have been intended to be deliberately provocative and this paper may be seen as 
rising to the bait (although it might be more sympathetically seen as opening debate rather than rising to it).  It is not 
intended to argue that the statement is wrong; it may be a very accurate summary of what is starting to happen in 
many architectural scientists’ research philosophies and strategies.  Rather, the intention is to express concern at the 
issues which are, by implication, ignored or overlooked by such philosophies and strategies (and this may include not 
only their newly-developing philosophies and strategies but also the ones which are being superseded). 
 
Much of the architectural science research undertaken in the second half of the twentieth century had a more positive 
goal than simply the “protection” of the inhabitants of buildings from the more adverse elements of the natural 
environment.  A significant part of the research also sought to enhance people’s experience of the interior 
environment of their buildings.  Particular emphasis was placed on thermal and visual comfort, together with some 
concerns about air quality and (to a much lesser extent) other sensory aspects of people’s interaction with their 
environment.  However, there were significant weaknesses in this positively-themed research, mainly due to a 
concentration on physical and physiological issues and little concern for (or, perhaps, little ability to include a concern 
for) the psychological aspects of people’s interaction with their environment.  But some researchers did at least try.  
The researchers also developed an interest in energy efficiency, although the application of the outcomes to the 
design of buildings, while good for energy conservation, was often to the detriment of people’s psychological 
interaction with their environment.  Energy efficiency as a research theme comfortably embraced and was then 
subsumed by the broader issue of sustainability, and this latter research interest has seemed to offer a better 
opportunity to re-introduce a psychological element into the study of people’s interaction with the interior environment 
alongside the more explicit concerns for conserving material and energy resources. 
 
Sustainability has had a key role to play in any transition from concern about protecting the people to concern about 
protecting the environment.  However, the transition is a major one – ironically including a change of interest from the 
interior environment of buildings to the natural environment from which people were originally to be “protected” – and 
it is not clear whether or not it will enable a complementary, positively-themed research interest to be carried with it.  
The remainder of this paper will explore this topic, principally by reviewing the recent history of architectural science 
research, to avoid letting any adverse aspects of that history be repeated while promoting those aspects which have 
been successful.  It will also explore very recent developments in architectural science, particularly those with an 
interdisciplinary flavour, to ensure that these are not lost in any transition to a focus on protecting the environment. 
 
1. PROTECTION VS ENHANCEMENT 
 
1.1. Protecting the interior environment 
Building construction has a long history of simultaneously protecting both the inhabitants of interior environments and 
also the exterior (sometimes, but not always, natural) environment.  This can be seen in the shelters built by many, 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA              310 



so-called, “primitive” societies.  A contemporary architectural counterpart would be the work of sensitive architects 
such as Glenn Murcutt.  It can also be seen, in another sense, where the design of the fabric of a building enables it 
to act as a filter, not only to prevent or reduce the impact of adverse features of the natural environment but also to 
prevent or reduce any impact on the area surrounding the building from the activities undertaken within it.  This can 
be assisted by regulation; for example, where a neighbourhood is protected from the noise of a suburban indoor 
sports facility, or from spill light from an outdoor sports venue or other community amenity.  An extreme example 
would be the design of a nuclear power station to protect the surrounding areas from radiation and (at least reduce) 
the impact of any accident.  With the probable exception of such extreme cases, the protection afforded to the 
exterior environment does not necessarily compromise enabling the protection of interior environment to be 
complemented by measures intended to also enhance the inhabitants’ experience of that interior environment.  (Why 
this has not been entirely successful will be discussed in the next chapter.) 
 
1.2. Protecting the exterior environment 
For the purposes of this discussion, it will be assumed that the term “exterior environment” excludes any deliberately 
designed spaces which are outside a building but associated with it and which act as a form of “outdoor room” which 
is also given some measure of filter-type protection from adverse aspects of the microclimate such as wind, rain and 
strong sun.  An exterior environment could be a truly natural environment or an urban neighbourhood.  At either end 
of this range of possible exterior environments (or anywhere within it), it is difficult to conceive of a way in which that 
environment’s protection could be accompanied by some form of designed enhancement; the concept of protection of 
an environment seems to be strongly tied up with that of having a minimum impact, and that in turn seems to 
preclude the possibility that any “enhancement” could be acceptable. 
 
If this argument is valid, we can note a significant distinction between “protecting the people” and “protecting the 
environment”.  The first of these can be accompanied by a design intention to enhance the interior environment as 
experienced by its inhabitants while for the second it would not only be meaningless but also a contradiction in terms.  
What we might hope for is that the focus on protecting the exterior environment does not preclude enhancing 
people’s interaction with the interior environment.  Ideally the two should be conjoint goals of research.  The history of 
architectural science suggests that this is unlikely to be the case, but at least we have that history to forewarn us.  If 
we can heed the warning, the outcome might be more richly rewarding. 
 
2. INFLUENCES AND OUTCOMES OF ENVIRONMENTAL RESEARCH 
 
2.1. Influences 
In a critique of a recommended strategy for energy conservation in the United Kingdom following the energy crisis in 
the 1970s, Cooper (1982: 244) contended that 

…developments in building science and design practice … have led to the creation of a narrow concept of what 
comfort means to people in buildings – a concept which fails to encompass the plethora of features which may 
render internal environments acceptable or unacceptable to those who use them…[W]hen applied in practice, this 
limited concept of comfort has resulted in the construction of a demeaning and dehumanised specification of the 
relationship which should exist between people and the buildings they occupy. 

Cooper argued that this outcome was based on a combination of economic reasoning and an engineering model of 
thermal design that was derived from building science.  The counterpoint to this “engineering” approach was one 
which would enhance the environmental experience of building occupants by focussing on the generation of 
satisfaction, pleasantness and delight, of which the best known proponent was probably Lisa Heschong (1979). 
 
The most significant components of the thermal comfort research criticised by Cooper had been completed before the 
energy crisis (e.g. Fanger, 1972) so we need to look back further for influences on this work.  Part of the responsibility 
for this situation might be the dictum expressed by Sir William Thomson (later to become Lord Kelvin) which was 
frequently quoted by architectural scientists in the 1960s and 70s.  Thomson (1889) wrote 

When you can measure what you are speaking about, and express it in numbers, you know something about it; but 
when you cannot measure it, when you cannot express it in numbers, your knowledge is of a meagre and 
unsatisfactory kind: it may be the beginning of knowledge, but you have scarcely in your thoughts, advanced to the 
stage of science, whatever the matter may be. 

For architectural scientists wishing to establish the credentials of their relatively new discipline (particularly in the UK 
and possibly in Europe), this or similar statements by scientists held in high esteem must have seemed like very good 
guidance to follow.  But there had been other voices.  In the related area of visual comfort, also studied under 
laboratory conditions, Petherbridge and Hopkinson (1950) had written that their studies 

…were directed more towards an extended knowledge of the relationships 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.  The results are therefore not a substitute for experience in lighting practice, 
but serve more to assist the quantitative interpretation of this experience. 

And yet their results, with successive modifications as to how they are combined into a ‘glare index’, have come to be 
used by some lighting designers as just such a substitute.  Petherbridge and Hopkinson had proposed, to their credit, 
that any further studies should have an interdisciplinary base, with at least a psychologist joining the research team, 
but it seems that this never eventuated. 
 
2.2. Potential influences 
There were other, potential influences which were noticed only by a handful of researchers and which therefore had 
little impact at the time.  Nevertheless, these are still pertinent (and in some cases have an increased significance in 
the light of recent research findings).  It is useful in the present discussion to record representative examples of these 
potential influences.  One of these may also help explain why so few researchers noted these comments at the time.  
This particular example is, in fact, a number of contributory comments, books and papers by the mathematician Alfred 
North Whitehead who also developed strong interests in other areas such as philosophy and education.  In the Lowell 
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Lectures of 1925, published as Science and the Modern World (Whitehead, 1926), he comments on the 
professionalising of knowledge and the training of professionals (p.244) 

…who specialise in particular regions of thought and thereby progressively add to the sum of knowledge within their 
respective limitations of subject.  

By “professional” he is referring to both researchers and practitioners in all fields of knowledge, rather than the more 
limited definition of the professions we currently use.  While Whitehead acknowledges that effective knowledge is 
“professionalised knowledge, supported by a restricted acquaintance with useful subjects subservient to it”, he sees a 
danger here in the weakness of the professionals outside their own subject area.  He writes that it “produces minds in 
a groove” with each profession making progress only in its own groove, with that groove preventing “straying across 
country”.  He sums up the effect on society as being that (p.245) 

…the specialised functions of the community are performed better and more progressively, but the generalised 
direction lacks vision.  The progressiveness in detail only adds to the danger produced by the feebleness of co-
ordination. 

While this might explain why researchers and practitioners in other professions have either been unaware of or not 
heeded this warning, the message has a particular significance within architectural science and the architectural 
profession as a whole, given the wide range of contributing disciplines and subject areas.  The range of 
environmental subject areas and their corresponding professional consultancies (in thermal design, lighting, 
acoustics, mechanical services, materials science, etc, together with the further subdivision of most of these) has 
weakened the overall co-ordination in both research and practice to the extent that it is no wonder that we fail to take 
due account of the way in which the people who inhabit buildings might integrate all of the corresponding sensory 
inputs in forming their overall psychological response to an interior space.  Specific failures of note include the Sick 
Building Syndrome (SBS), where the role of people’s overall psychological response to a space or a building as a 
whole is still not recognised by most professionals (of the contemporary kind) and the proposed problems and 
solutions continue to be seen to lie within single subject areas (most notably, indoor air quality).  A growing 
awareness of the importance of people’s integrated sensory response to their environment and the need to research 
the extent and nature of this integration will not be helped by a research model and associated research techniques 
which largely fail to recognise the existence of such integration. 
 
Further potential influences can be found which relate to issues of subjective appreciation and of cultural differences 
which need to be taken account of in environmental research and design.  As one example, Hall (1969) discussed the 
important role that the history of art can play as a chronicle of the development of people’s perception of their world 
and of the cultural differences that can arise.  Art reveals that some people still exist in a sense-rich environment, 
while for others this is no longer true.  Whether this perception is shared by all people, including architects, in a given 
culture at any particular time has been called into question.  The British architect Sir John Soane (1753-1837), in the 
eighth of a series of lectures to the Royal Academy (Watkins, 1996), lamented the failure of fellow architects to 
employ the hidden light sources often used by French artists to light their studios.  The reason he found for this was 
(p.598) 

…that we do not sufficiently feel the importance of character in our buildings, to which the mode of admitting light 
contributes no small part. 

Earlier in the lecture, he described the use of solar radiation to warm rooms in ancient Greece and Italy but declared 
(p.596) 

…that this mode of warming rooms might suit hot climates and ancient customs, but in England it is not sufficient 
that our houses are well warmed; we must see the fire, or no degree of heating will satisfy us. 

Soane’s approach to the use of fireplaces for building heating probably contributed in “no small part” to the growing 
pollution problems in London, and would hardly be acceptable in contemporary design if there was a focus on 
protecting the environment, but his statement provides excellent examples of psychological aspects of heating and of 
potential cultural differences derived from climatic experience and associated traditions.  Such differences (explicitly 
denied in the published outcomes of Fanger’s (1972) research on thermal comfort) need to be given careful 
consideration, not only because of the international distribution of contemporary research findings but also because of 
the more culturally-mixed communities which are emerging in many countries. 
 
2.3. Outcomes 
Much of the research undertaken in the name of architectural science over the last 30–40 years has been reductionist 
in nature.  In each such research project it has sought to examine a narrowly-defined aspect of architecture under 
carefully-controlled conditions in terms of a research paradigm derived from the physical sciences.  The strongest 
case to justify this approach would probably be a perceived need to obtain consistent, quantifiable results, following 
Lord Kelvin’s dictum, discussed earlier.  Another decisive factor would have been that research projects which have 
clear and uncomplicated goals and which are likely to produce determinate, reproducible and on-time results have a 
much better chance of receiving funding.  This approach necessarily ignores (or assumes to be insignificant) any 
interactions between the chosen narrow aspect of architecture and any otherwise-related aspect(s); and the effect of 
this has been greatest in respect of research into people’s perception of and interaction with their environment.  As a 
result, design guidelines based on this research have been largely restricted to physiological and physical factors 
related to simplified notions of, say, comfort and performance.  Psychological factors have been excluded and any 
attempt to provide guidelines in this area has sometimes been of questionable validity.  In particular, the omission of 
psychological factors has prevented any offering of research-based advice on how to enhance people’s experience of 
the environments that are shaped by buildings. 
 
Possibly the best example of this has been the extensive simplification that was undertaken in much of the research 
carried out in response to the sick building syndrome.  (It may even, eventually, be demonstrated that the sick 
building syndrome was an inevitable consequence of the application of research findings derived from the type of 
studies described in the previous paragraph.)  Initial studies of sick buildings indicated a strong psychological factor 
contributing to the syndrome, leading to a potentially very complex research situation.  However, an overwhelming 
majority of research undertaken in the name of the sick building syndrome was focussed on indoor air quality (which 
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is much more amenable to traditional architectural science techniques), to the extent that, in many publications, the 
sick building syndrome and indoor air quality became virtually synonymous.  Nevertheless, the main problem with 
“sick buildings” has remained a combination of a tightly-controlled, non-stimulating environment with behavioural 
constraints on the occupants as they might try to overcome this, all in the interests of energy-efficiency. 
 
Furthermore, the problem did not stop there, but was potentially aggravated by the approaches developed over the 
last 20 years to produce buildings in which a supportive intelligent environment could enable an organisation to best 
achieve its business objectives (Duffy, 1988; Harrison et al, 1998).  In a paper to the ANZAScA 2000 conference 
(Willey, 2000), it was suggested that, by comparison with a typical building displaying the sick building syndrome,  

…not only does the typical intelligent building share the goal of energy efficiency in the design of its fabric and its 
electromechanical systems, it also includes a goal of optimising spatial organisation in the interests of enhancing the 
business performance of its occupants.  While the first of these might constrain occupant participation in the control 
of the interior environment, the second may impose additional constraints on furniture layouts and other ways in 
which people might wish to personalise their working environment.  While lessons learnt from investigation of the 
sick building syndrome may prevent a recurrence of the physiological symptoms … the psychological effects of 
behavioural constraints may be exacerbated. 

It was suggested that the occupants might succumb to what could then end up being called the “Intelligent Building 
Syndrome” (IBS). 
 
3. A SOLUTION SPACE 
 
3.1. Stereotype forms of environmental design 
Staying, for the time being, with a discussion focussed on offices, it is possible to construct a matrix on which could 
be plotted the coordinates of stereotype forms of the environmental design of office buildings in terms of two axes: 
one representing the extent to which the environment was controlled by either the filtering effect of the building fabric 
or by the input from mechanical plant; and the other representing the extent to which the building’s occupants could 
exercise or were denied personal control actions such as adjusting blinds and openable windows, adjusting 
thermostats and switching lighting on or off.  Such a diagram was included in the author’s PhD dissertation (Willey, 
1978) and a version of this, relabelled for clarity away from its original context, is reproduced as Figure 1.  The 
diagram shows the archetypal cave and campfire, plus various forms of traditional or more recent building types.  An 
example of the “deep-plan, heavyweight air-conditioned” building would be the Integrated Environmental Design (IED) 
building developed in the late 1960s in the UK with heavyweight fabric, deep plan, small ”vision slot” windows, high 
levels of artificial lighting and full air conditioning required to cool the building for 11 months of the year (Page, 1970).  
This “solution space” revealed a region in which, at the time, no strong stereotype had yet emerged, although it was 
suggested by the author that explorations of possible forms were occurring in practice, involving less reliance on both 
energy-consuming plant and automatic control of that plant. 

 
Figure 1:  Solution space for stereotype forms of environmental control 

 
 
Of particular interest, in the context of this paper, is the likely location on the matrix of any stereotype office building 
which either satisfactorily protected the people or protected the environment.  Protection of the environment had not 
become a significant design issue by 1978.  Satisfactory “protection of the people” would require some enhancement 
of their experience as occupants of the building, and we might anticipate that the criteria for this would include the 
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occupants having a significant level of involvement in the control of their personal work environment and that the 
building would be stimulating to work in.  The latter expectation might be met more readily by “free-running” buildings 
that were more responsive to the variations in outdoor environmental variables, rather than by buildings with more 
static environments achieved by mechanical plant.  The closest stereotype to this goal would be the traditional 
heavyweight building, with sufficient glazing area and a relatively high ceiling to provide a useful contribution of 
daylight to the interior lighting; openable windows for fresh air; and either a hot water system for space heating or 
perhaps a mechanical ventilation system delivering warmed air in winter.  The shaded region in Figure 1 offered the 
tantalising opportunity for an improved version of this to emerge as a new stereotype, perhaps from the impetus of 
energy efficiency but also as a response to the underlying problems associated with the sick building syndrome. 

 
Figure 2:  Augmented solution space showing post-1980 stereotype 

 
 

 
Figure 3:  Augmented solution space showing possible zone for “environment-protection” stereotype 
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In an overview of developments in the second half of the 20th century in what he termed “the architecture of 
environment”, Hawkes (1996) redrew the solution space to show a post-1980 development of a stereotype building 
which did fit into the shaded area.  As shown in Figure 2, this stereotype was labelled “selective, passive, seasonally 
adapted”.  “Selective” means that a significant amount of the shaping of the interior environment is achieved by the 
carefully-designed filtering action of the building fabric; “passive” means that the building is responsive to the external 
environment, but in a way that is controlled by the design of the fabric, giving the potential for a stimulating rather than 
blandly uniform environment; and “seasonally-adapted” means that the mix of fabric and plant enables the building’s 
response to be changed between summer and winter, with the winter strategy involving a greater input from plant. 
 
Hawkes discusses representative examples of these as case studies in Part II of his book.  He states that this 
development stems from (p.105) 

…a recognition that there now exists a level of understanding about human environmental needs, a rich and diverse 
set of technologies and related tools of analysis, which offers the prospect of a new synthesis of architectural 
science and design practice. 

And he goes on to say (p.105): 
I see these developments presenting two significant challenges for the field of environmental research.  First is the 
need to direct studies of user environmental requirements towards the understanding of environmental diversity, 
both spatial and temporal, and of the complex perceptual and operational relationships which occur in the total 
environment.  Second is the task of re-examining the relationship of plant and fabric.  Both of these demand a major 
effort in the next decade if research is to keep pace with the rapidly evolving demands of practice. 

 
3.2. A new stereotype for protection of the environment 
Hawkes’ “next decade” is now nearly over.  It has seen the rapid burgeoning of sustainable design in both research 
and design practice.  Examples of the variety of approaches adopted would be liberally scattered over the shaded 
area of Figure 1.  The question which must now be asked is where in the solution space would or should we place a 
stereotype building whose design focussed on the protection of the environment?  We could anticipate that the design 
minimised the use of energy-consuming plant and relied on careful selection and detailing of the building fabric (but 
that the balance between plant and fabric would depend on environmental factors such as the extent of external air 
pollution and ambient noise).  The degree to which individual control of the interior environment was either 
encouraged or proscribed would depend on the occupancy of the building and a trade-off between the satisfaction of 
individual control against the potential for individual control to be energy-inefficient.  The possible zone within which 
strong solution-types might fall is indicated in Figure 3.  The two challenges outlined by Hawkes in the above 
quotation might need to be re-stated in this new context, and a further decade allowed for the necessary research and 
for design practice to have the opportunity to produce a sufficient range of possible solutions for testing against the 
theory. 
 
4. NEW DIRECTIONS IN RESEARCH 
 
4.1. Sense-rich environments 
Characteristic features of the artificial environments found in most large modern buildings are their blandness and the 
lack of stimulation provided for the occupants.  The interior environments have been designed to be functionally 
supportive while eliminating or minimising any sources of sensory discomfort or distraction, and to achieve these two 
design goals largely independently for each environmental parameter.  Research has almost exclusively supported 
this essentially “negative” (i.e. non-positively-enhancing) approach to environmental design, and buildings designed 
on this basis could be described as “sense-deprived” – they fail to provide a stimulating environment in which it is a 
pleasure to work.  The type of research which would support the design of “sense-rich” environments would be more 
complex and would need to explore interactions between the different sensory modalities. 
 
Sensory richness is a characteristic of natural environments.  It is so difficult to imagine any outdoor, “free-running” 
environment (a streetside café, a surfing beach, a fishing port, a motorcycle speedway arena) with any one of its 
characteristic visual, thermal, sound, smell, taste or tactile experiences missing, that we can readily accept that our 
overall experience has been an integrative one, with each component of that experience complementing and 
reinforcing the others.  However, research into the existence, nature and strength of such sensory interactions has 
been limited and spasmodic, and much of the evidence remains anecdotal. 
 
One of the significant opportunities offered by the concept and practice of sustainable design (and in the context of 
this paper, the most significant of these) would be the return to natural lighting and to heating and cooling systems 
based on ambient energy (solar energy and its derivative wind energy), and these would complement each other in 
the design of public, institutional and commercial buildings as well as at domestic scale.  In turn, and as a design 
consequence, the building interior would be exposed to or presented with the scents, the sounds and the sights of the 
world external to the building, in a way which has become largely denied in the artificial environments of most 
contemporary city buildings. 
 
Sustainable design can therefore be seen as a key to achieving a design goal which not only protects the occupants 
and enhances their experience of the interior environment of their building but also does this in a way which protects 
the environment external to the building at the scale of both the immediate surroundings and the wider environmental 
context.  This suggests that the region in the solution space in Figure 3 in which we might expect to see the best new 
stereotypes emerge would be towards the right hand end of the zone, unless the activities or occupancy  of  a specific  
building  indicated  that a  reduced  freedom for  individual  control was  appropriate.  If the  
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stereotype were unnecessarily located away from the right hand end of the zone, we may end up with what could be 
called the “Sustainable Building Syndrome”.  (However, the acronym for that - SBS - has already been claimed and 
we might need to think of a different set of words instead.  Since we are now concerned about the outside 
environment, we could call it the “Sustainable Outside Syndrome” and the acronym might be considered rather 
appropriate!). 
 
4.2. Researching Sensory Richness 
Researching situations which focus on the interaction between different sensory modalities, rather than researching 
these modalities independently, represents a radical departure from typical architectural science.  Some attempts 
have been made to study the interaction between people’s responses to the thermal environment and lighting but 
these used traditional experimental techniques such as climate chambers.  They were unsuccessful and were 
criticised, essentially for their naïvety (Willey, 2004). 
 
The best indication of where these studies went wrong can be gained from some of the implications of recent 
research in cognitive science and neuroscience and their impact on lighting research.  Although there may be further 
possible subdivisions, it is widely accepted that there are two clear pathways along which visual information is 
processed in and beyond the visual cortex (e.g. Bruce et al, 2003).  Named the ventral and dorsal pathways, they 
both build a spatial perception but in the case of the ventral pathway it is concerned with the relationship of objects in 
the surrounding world to each other whereas for the dorsal pathway the concern is for the relationship of objects to 
the person.  It is this latter form of spatial perception which is at the heart of architectural design, and of the way that 
the lighting of interiors and other sensory inputs can shape the experience that each person has of their environment.  
However, the dorsal pathway is also found (not surprisingly) to be specifically focussed on providing information for 
controlling movement. 
 
Other research shows that sensory interaction can occur under conditions of stress, and only under such conditions, 
and becomes the basis of survival-related actions (where we experience having all our senses pricked and 
contributing to the decision on how best to react to danger).  This strongly suggests that sensory interaction is 
associated with the dorsal pathway in visual perception.  To bring the focus back to architectural situations, the 
concept of stress could be generalised to ‘heightened sensory awareness’, and the psychologists’ focus on survival-
related actions could be broadened to include actions taken to maximise the reward gained, including the attainment 
of pleasure and delight.  This extension of the applicability of published results from cognitive science and 
neuroscience appears to be supported by neuroscientist V.S. Ramachandran when he comments that “we seem to, 
paradoxically, ‘enjoy’ horror movies or white-knuckle rides” (Ramachandran, 2004: 128) and also notes that “arousal” 
can be a response to beauty or a response to a disturbing situation.  As an example of this extension, we can 
compare listening to a musical performance on CD in the dark, to the rewards obtained from attending a live 
performance.  These rewards derive from seeing the performers as they play and appreciating the physicality and 
emotion associated with their musicianship, of being exposed to the atmosphere in the concert hall and sharing this 
with a large number of other people; truly an integrated, sense-rich experience. 
 
Further published research can be brought to bear to explain why traditional experimental techniques in architectural 
science have been unsuccessful in exploring the nature and extent of interactions between sensory modalities, and to 
provide some insight into possible new research strategies.  In the context of sensory richness, the dorsal pathway, 
which establishes information on the spatial relationship between a person and their surroundings, can be argued 
strongly to be the pathway which establishes a sense of ‘place’.  A telling distinction has been made by Fodor and 
Pylyshyn (1981) which reinforces the significance of place.  They have distinguished between the processes of 
“seeing” and “seeing as”, where the latter requires some knowledge of the world to achieve perception.  As they put it 
(p.189): 

What you see when you see a thing depends on what the thing you see is.  But what you see the thing as depends 
on what you know about what you are seeing. 
 

Typical traditional experimental situations (sometimes nothing more than boxes to look into) require people only to 
“see” rather than to “see as”; they avoid the intrusion of the real world.  The experimental situations effectively focus 
on the functioning of the ventral pathway in the visual cortex and therefore cannot reveal any integration between 
visual perception and other sensory modalities handled elsewhere in the cortex.  A new research strategy will be 
necessary to provide the knowledge and understanding to share with design practice in dealing with sense-rich 
environments.  Until we have that research under way and results becoming available, any attempt at establishing a 
new type of building that responds to the imperative of protecting the environment will risk undermining one of the 
most distinctive characteristics of sustainable design. 
 
CONCLUSION 
The principles of sustainable design, and the range of building types developed on the basis of these principles, 
provide a useful transition path between earlier design strategies based on “protecting the people” and contemporary 
awareness of the need to “protect the environment”.  However, protection of the environment must involve more than 
the careful selection of materials and construction systems involved in providing the building with minimal depletion of 
resources and any pollution associated with the extraction of those resources; it must also lead to a building whose 
functioning does not degrade the environment during its lifetime.  If the latter objective leads to a restriction on 
individual control of personal space within the building and a greater reliance on automated controls programmed for 
energy efficiency, then the sensory richness of the environment within the building will be seriously at risk. 
 
As a first step, it seems essential that the necessary research should have an inter-disciplinary character, not only to 
conduct the research in a more effective and informed way but to also provide informed access to the wealth of 
relevant research outputs from other disciplines which could be translated into a new context and brought to bear on 
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architectural  science  studies.  A  second,  complementary step  would  be  to  ensure  that  design  practice  had   a  
corresponding interdisciplinary character, rather than having design supported by an ad hoc collection of independent 
professional consultancies.  Examples of both, if somewhat tentative, do exist and should provide a useful base from 
which to expand this strategy.  If we can achieve this, the lessons from the past will have been learnt and the 
outcome will be protection of both the people and their environment. 
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ABSTRACT: Scientific attitudes towards knowledge have proliferated architecture and urbanism in the 
period since the Second World War as the growth of science and its standing in the community 
continues to grow. As a theoretical framework has developed linking science with architecture, the 
precise methodology and interpretive rigour of scientific research has provided a seductive model that 
urban theorists have used to interpret the cultural and social dimensions of urban form. 
 
One of the most famous and original examples of a scientific methodology being applied to architecture 
is the canonical work of Venturi, Scott-Brown and Izenour entitled Learning From Las Vegas. This work 
provided a scientific framework for understanding popular culture, first demarcating it spatially within 
Las Vegas, dissecting it into clearly defined categories, establishing clear frameworks to the research 
and ultimately interpreting the results and presenting them graphically. The innovative scientific model 
employed in Learning from Las Vegas allowed, for the first time, architects and urbanists to examine 
information in rigorous and consistent “laboratory conditions” supplying a vast and well-organised body 
of interpretive data while at the same time removing hermetically the superfluous information. This 
allowed the city, as a cultural organism to be dissected and laid out systematically in the same way 
bodies are dissected in the quest for scientific knowledge. 
 
Despite its seductive appeal, the logic of Venturi, Scott-Brown and Izenour’s analysis has never been 
questioned and its scientific rigour has not been tested. While a convenient means of representing 
architectural data, the framework used to examine Las Vegas is based on a number of internal 
inconsistencies which vastly undermine the scientific credibility of the experiment. By demarcating the 
city into clearly defined areas of research this model of thinking sought to contain and isolate the 
various dimensions of popular culture like a virus and prevent them from spreading or reproducing. 
While maintaining a superficial fascination with the “popular” the scientific procedure was analogous to 
a kind of quarantine that sought to identify popular culture, contain it, and limit its growth, ensuring, 
through the methodologies in place, that the heterogenous dimensions of the city were hermetically 
divided into isolated and homogenous categories like atoms in a scientific laboratory. Cultural theorists 
at the time of Learning from Las Vegas such as Michel Foucault were already warning of the inherent 
dangers of this model of scientific analysis for the humanities and the limitations it placed upon 
epistemological research. 
 
Using a deconstructive model of analysis (which explores specifically the spaces between linguistic 
opposites) and drawing from parallel themes in critical theory, this paper will investigate the scientific 
methodology that underpins Learning from Las Vegas and demonstrate its abridged relationship to the 
broader social and cultural dimensions of built form. By dismantling the procedures and hypotheses of 
the experiment, the paper will demonstrate the limitations at work in the scientific data attained by 
Venturi, Scott-Brown and Izenour and some of the inconsistencies that exist in their theoretical 
conclusions, particularly in their attitude towards heterogeneity, ambiguity and complexity. Drawing 
upon the work of Foucault, the paper will demonstrate how Learning from Las Vegas, rather than 
containing a scientific record of popular culture, contains within it the scientific desire to contain it. 
 
Conference theme: Human Issues: Social, Cultural, Economic, Thermal Comfort 
Keywords: Las Vegas, Robert Venturi, Denise Scott-Brown, Science  
 
 

INTRODUCTION 
In Autumn 1968 Robert Venturi, Denise Scott Brown and Steven Izenour, as part of an elective offered at the Yale 
School of Art and Architecture, took a group of nine architectural students, two urban planning students and two 
graphic design students to record and document the architectural language of one of the world’s most complex visual 
environments. Given the title “Learning from Las Vegas, or Form Analysis as Design Research” the simple project to 
understand and graphically depict the commercial strip of Las Vegas has had far-reaching consequences on both the 
architectural and theoretical understanding of the built environment. The authors, in their introduction to the elective, 
announced their determination “through open-minded and non-judgemental investigation, to come to understand this 
[new urban] form and to begin to evolve techniques for its handling” (Venturi, Scott Brown, Izenour, 1972, p. xi).  With 
this in mind, the group spent three weeks doing preliminary research in the library before setting out, spent four days 
in Los Angeles, ten days in Las Vegas collecting information and a further ten weeks analysing, interpreting and 
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documenting their findings (Venturi, Scott Brown, Izenour, 1977, p. xi). Published a few years later as Learning From 
Las Vegas: The Forgotten Symbolism of Architectural Form (Venturi, Scott Brown, Izenour, 1972), the work remains 
a document of a period of thinking and has become a canonical text for understanding the complexities of the 
architectural sign and its relationship to popular culture. Prescient in developing a range of visual techniques to 
record and document the landscape of Las Vegas, Learning from Las Vegas contains the record not only of the strip 
itself but of a new and unprecedented approach to architectural knowledge.  
 
The project for Learning From Las Vegas, and its eventual publication, coincided with a number of important and 
well-documented shifts in the intellectual landscape of both Europe and America. 1968 was a revolutionary year in a 
number of contexts, witnessing the student riots in Paris and the moon landing as well as the explosion of a collective 
youth culture marked by the volatile Vietnam protests, the widespread use of psychedelic drugs and the global 
expansion of an anti-authoritarian model of popular music celebrated in the work of the Beatles, Pink Floyd and the 
Rolling Stones in Europe and Bob Dylan and Jimi Hendrix in the United States. Similarly many seminal artists from 
the period such as Andy Warhol, Jasper Johns, Claes Oldenburg and Donald Judd  used popular culture as a 
medium through which to explore themes of commercialisation, repetition and value in an art, at the same time 
dismantling the foundations of bourgeoisie taste. This explosion of a commodified, anti-establishment pop culture in 
the mid to late 1960s was the backdrop to the project  which eventually became Learning From Las Vegas.  
 
Equally important as the cultural transformations of the late 60s were the revolutionary intellectual shifts that took 
place in the same period. The period was marked by the evolution of multi-disciplinary critical practices, the dynamic 
re-emergence of Marxism, the intellectual reappraisal of psychoanalysis and the emergence of structuralism. 
Amongst the vast array of ground-breaking and revolutionising works from the immediate period are Jacques 
Derrida’s Of Grammatology (Derrida, 1976 [1967]), Lacan’s Ecrits, and Louis Althusser’s On Marx which all provided 
radical and provocative models for reinterpreting and engaging with historical ideas; in Derrida through the 
“deconstruction” of language, in Althusser through the development of a radicalised, Marx-inspired economics and in 
Lacan through a semiotic reappraisal of Freudian psychoanalysis. These practices also marked a historical 
movement away from the broader functionalist themes of modernity reclaiming critical theory as fertile ground for 
intellectual experimentation. Architectural theory, as a multi-disciplinary critical practice, is often located historically 
from this period, (see, for instance: Hays, 1998; Nebitt, 1996) emerging from George Baird’s architectural 
appropriation of Ferdinand de Saussure’s theory of linguistics (Baird, 1969) and Manfredo Tafuri’s polemical 
rereading of Marxist production and avant-garde architecture in the same year (published in English in 1976: See 
Tafuri, 1976). Both of these themes—semiotics and Marxism—are central to the methodological approach of Venturi, 
Scott Brown and Izenour, whose study focuses on the “signification” at work in Las Vegas and its proletarian links to 
popular culture. 
 
These developments in critical theory in the 1960s, accompanied by the simultaneous emergence of multidisciplinary 
research into architecture, allowed architects and theorists (including Venturi, Scott Brown and Izenour) to draw from 
a previously untapped body of intellectual information and appropriate it to the complexities of the built environment. 
Key to this were movements in philosophy and linguistics which, through phenomenology and semiotics respectively, 
provided powerful interpretive models for understanding and creating architecture. Equally fields such as 
anthropology became prominent, linking the development of traditional cultures with modernity through an analysis of 
their built structure. The work of the French sociologist Claude Lévi-Strauss was the pre-eminent model of this form 
of research which used groups such as the Bororo tribe in South America to delineate a connection between primitive 
societies and broader principles in linguistic and social analysis (see: Levi-Strauss, 1968; Lévi-Strauss, 1972). The 
publication of Baird’s “L’Dimension Amoureuse in Architecture”  (Baird, 1969) shaped the evolution of architectural 
theory by introducing Saussure’s Theory of Signs, which was central to the work of Levi-Strauss, into an architectural 
context.  Providing a backdrop to the intellectual themes that would shape the Learning From Las Vegas project, 
Baird’s work established an analogical connection between architecture and language allowing the fields of linguistics 
and semiotics to be explored in an architectural context for the first time. Saussure had, in his posthumously 
published Course in General Linguistics (only translated into English in 1955), first interrogated the sign by 
establishing it as the primary unit of communication, dividing it into the signifier-signified duality and stressing the 
“arbitrary” nature of their relationship. Baird used the distinction between the sign and the signifier to introduce into 
architectural theory a whole lexicon of analytical terms to further probe the relationship between architecture and 
signs. The debate over the relevance of this connection was played out in a number of important and revolutionary 
publications in the late 60s and throughout the 70s (See for instance: Jencks and Baird, 1969) as well as influential 
works by major European writers such as Umberto Eco (1976) and Roland Barthes (1968).  Baird’s work allowed for 
an abstracted relationship between architecture and its encoded meanings which, when popularised by Charles 
Jencks through the association with Post Modernism (Jencks 1978; Jencks 1987) became intrinsic to architectural 
culture, particularly in America in the period from 1970 to the late 1980s. Venturi and Scott Brown became, however 
reluctantly, key figures in this architectural phenomenon. 
 
As well as the fascination with signification, the late 1960s witnessed, in association with the tumultuous events in 
Paris in 1968, a resurgence in Marxism as intellectuals began to adopt an increasingly politicised role in broader 
culture. The Marxist project to dismantle bourgeoisie values and meant that themes of “populism” became, for the 
first time, grounds for architectural as well as cultural research. Prominent French intellectuals like Derrida, Henri 
Lefebvre and Gilles Deleuze began to dismantle the traditionally sacrosanct boundaries of conventional philosophy 
and move into broader areas of cultural analysis like art, literature and film at the same time promoting, as part of 
their intellectual systems, radical political agendas and programmes for social action. One of the key literary works 
from this period was Guy Debord’s influential manifesto from 1967, The Society of the Spectacle which argued that 
the modern period was characterised by a glut of visual information whereby representation had replaced reality as 
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the primary mode through which life is experienced. This visualisation of culture, which is embodied in the 
extravagant spectacle of Las Vegas, also required the emergence of new visual means through which to record and 
document it, creating a further division between the act of experiencing spectacle (in itself representation) and then 
representing it.  In this respect Learning From Las Vegas, undertaken just after the publication of Debord’s work, can 
be seen as the first genuine methodology attempting the representation of representation itself.  
 
Amidst this complex climate of intellectual revision, Learning From Las Vegas remains a provocative document of the 
way that these new attitudes towards populism and the visualisation of culture could be assimilated into architectural 
discourse. Bold and daring in its aims and conclusions, the work assimilates the broader themes of intellectual culture 
in a not only literary manner but, more specifically, a highly visual one. Focussing on the otherwise untouched 
question of popular taste, the examination of Las Vegas was a radical departure from conventional attitudes towards 
populism and was subtitled by the authors, at the conclusion of the project as “The Great Proletarian Cultural 
Locomotive” indicating a political as well as social context for the work. The idea of an accumulated popular 
knowledge that could be mined from the built form of Las Vegas was undertaken in an archaeological manner, 
documenting not only its current form and organisation, but its diagrammatic evolution over time. Indeed, in the 
preface to the first edition the authors concede that “[t]here is still a wealth of architectural information to be culled 
from Las Vegas” (Venturi, Scott Brown, Izenour, 1972, p. xi). Positioning Las Vegas as the modern day Rome or 
Athens, the authors proceeded to interrogate its form to reveal and record this new source of architectural 
knowledge.  
 
By establishing this clear, archaeological agenda, Learning From Las Vegas presents itself, from the outset, as a 
scientific document recording, in an objective manner, a scientific experiment—“in search of answers, we shall 
experiment with different techniques” (Venturi, Scott Brown, Izenour, 1977, 76). The insistence of the authors on 
maintaining a “scientific” methodology is despite the works resonance with the important theoretical and cultural 
themes of the period and its affiliations with the broader intellectual trends of structuralism. Given this, the paper will 
look at the “method” embodied in Learning From Las Vegas and its relationship to scientific models of attaining and 
interpreting information. Focussing on the work of Michel Foucault into the relationship between science and 
knowledge it will demonstrate the way that the techniques used to decode and decipher the language of Las Vegas 
intersect with a long history of “epistemological” science that tries to order, contain and divide information into 
recognisable and objective categories. The techniques compiled for Learning From Las Vegas, while provocative, 
constitute a kind of visual taxonomy where information is assembled in isolated categories and contained by very 
clearly defined assumptions and criteria. The complexity of their relationships and the intangible spaces that reside 
between these categories are neglected as the city is divided surgically into typologies, programmes, surfaces and 
scales. This scientific record of popular taste, in this way, resembles a broader project to understand, demystify and 
contain popular culture thus assimilating it into a broader and highly politicised schema of knowledge. Through this 
process of division, categorisation and containment the complex heterogeneity of Las Vegas is dismantled and laid 
bare in the same manner that medieval surgeons dissected dead bodies to reveal their secrets. Within this is a 
strategy that underwrites architectural drawing, texts and language: the need to contain and assimilate.  
 
1. LEARNING FROM LAS VEGAS: SCIENCE, KNOWLEDGE AND EPISTEMOLOGY IN THE VISUAL 

STRATEGIES OF VENTURI, SCOTT BROWN AND IZENOUR  
The first drawing in Learning From Las Vegas is a map of the strip, rendered starkly in black and white showing a 
typical figure-ground plan of the strip in Las Vegas that became central to the project (Figure 1). This drawing, which 
becomes the genetic basis for all subsequent information in the work, establishes very clearly a graphic order that 
assembles information in a scientific manner into “objective” categories such as black and white, building or not. The 
drawing shows the outlines of buildings in black and a flat, featureless ground-plane in white with a graphic scale and 
north point providing the only other source of architectural information.  
 
 

 
 

Figure 1: Las Vegas Strip (Source: Venturi, Scott Brown, Izenour, 1977, 5). 
 
The drawing establishes an arbitrary boundary which delimits the area that is being studied by removing information 
from the surrounding area. Not marked or acknowledged, this limit is the first of a number of exclusory tactics which 
enable the visual formula of Learning From Las Vegas to be managed. Subsequent diagrams see the information 
embodied in this drawing reconfigured into an array of different categories, demonstrating, in each case, through the 
use of black and white, an unambiguous and precise two-dimensional record of a complex visual landscape. 
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Forming the basis of the visual depiction of Las Vegas in the work, these drawings are the most succinct statement of 
the methodology that the authors develop in order to make sense of an otherwise random and incoherent spatial 
phenomenon. The drawings resemble a laboratory experiment where an organism is subjected to a range of different 
conditions in isolation and the comparisons are used as a means of further understanding its original form (Figure 2; 
Figure 3). In this complex architectural autopsy the city is strictly demarcated, laid open, dissected and ultimately 
dismembered as the information is isolated, through the diagram, from the surrounding states. Organised 
sequentially over a number of pages the various diagrams allow the city to be read through a series of scientific 
lenses which, without the clutter of the surrounding diagrams or other superfluous information begin to project a 
serialised picture of totality. Through the exclusion of intermediate states, and the exploration of very clearly defined 
polarities (building, not building; bitumen, not bitumen) the authors establish a procedure for documenting conditions 
in a graphic as well as objective manner and enable the data to then be interpreted.  
 
 

 
 

 
 

Figure 2 (top): Buildings, Las Vegas Strip (Source: Venturi, Scott Brown, Izenour, 1977, 25). 
Figure 3 (bottom): Asphalt, Las Vegas Strip (Source: Venturi, Scott Brown, Izenour, 1977, 24). 

 
From the outset Learning From Las Vegas presents itself as a scientific document, establishing an experiment, 
developing a methodology to test it under different conditions and then using the data to establish a series of 
formulated conclusions. The notion of “learning” conspicuous in the title, is a key theme in the work and establishes 
its aspirations for scientific, as well as architectural legitimacy. The project was structured, from the outset in a 
scientific manner, involving meticulous preparation before the actual experiment was conducted. Named “Phase III” 
by the authors, the actual time spent in Las Vegas was undertaken as what they called “applied research” and, as in 
science, was the intermediate stage between developing a hypotheses and testing its validity. The framework for the 
experiment is documented in the section entitled “Studio Notes” where a systematic account is given by the authors 
of the hypotheses and the means through which it will be tested and recorded. Describing the work as a “technical 
studio” the authors establish their intention to “[evolve] new analytical tools for understanding new space and form, 
and graphic tools for representing them” (Venturi, Scott Brown, Izenour, 1977, p. 73). This archaeological method has 
resonances particularly with the work of Freud where, as documented in his now notorious case studies, patients are 
subjected to psycho-analysis in order to reveal concealed secrets buried in their subconscious. It is Freud’s method 
of diagnosis, proceeding scientifically through a series of stages and recording them as objective data in a deliberate 
medical procedure, that establishes the framework for the model of research that Learning From Las Vegas aspires 
to.  
 
The publication of Learning from Las Vegas coincided with the emergence of an important and influential critique of 
scientific method which over the proceeding decades has transformed the intellectual landscape. Published in 1970, 
Michel Foucault’s The Order of Things (Foucault, 1971) was the first of a number of Foucault’s projects (see also 
Foucault, 1972; Foucault, 1998) into the power structures that underpin epistemology or what he calls 
“pseudoscientific analysis”. Foucault was interested in the way that information and knowledge are accumulated and 
the political processes which condition it. Of concern to Foucault was the way that information was ordered and 
organised through processes of categorisation, containment and scientific objectivity. His work is of interest in the 
analysis of Learning From Las Vegas as these themes of categorisation and division which structure the quest for 
scientific knowledge are also embodied in the methodology and documentation of the strip.  
 
Foucault saw the history of knowledge since the Renaissance as related to a scientific obsession with containment 
and division where knowledge was ordered and structures divided into inflexible disciplines and accumulated within 
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very strict and regulated institutional frameworks. Foucault’s work documents what he terms “dividing practices” 
where individuals, information, knowledge and even activities are separated, categorised and policed beneath a 
complex network of power relations (Foucault, 2001). Venturi, Scott Brown and Izenour’s determination to visually 
depict the processes of popular culture in Las Vegas can be affiliated with this process of systemisation that 
incorporates disparity and complexity into manageable categories through well established scientific methodologies. 
Las Vegas becomes, for the authors, a kind of archaeology which, as a source of knowledge, can be exposed 
through scientific strategies of objective analysis. Popular culture, in order for it to be assimilated into a theoretical 
understanding of architecture, needs to be quantitive and the graphic processes of description allow it to then interact 
with other, already prolific models of research. The visual record of Las Vegas constitutes a kind of visual taxonomy, 
whereby elements which are in their nature continuous are organised in isolated incongruous categories so that, 
through division, their continuity is no longer visible. This can be seen as a medical procedure where information is 
isolated and contained to prevent it contaminating other organisms. Foucault articulates, in detail, this process of the 
scientific appropriation of knowledge in his widely contested three volume History of Sexuality (Foucault, 1998b; 
Foucault, 1990; Foucault 1992). Here Foucault begins with a radical polemic arguing that the emergence of a culture 
of “repression” towards sexuality was, at the same time, part of a broader movement which sought not to repress 
sexuality but document it, ascribe it a position and, through a range of methodological tactics, control its spread. 
Foucault used Freud’s process of psycho-analysis as one example where sexuality was assimilated into the scientific 
discourse through the processes of diagnosis and treatment. Through this procedure of scientific documentation a 
“discourse” develops around sexuality which, contrary to the “repressive” hypothesis, actually documents, describes 
and provides methods for controlling sexuality. This schema developed its own language, its own behavioural 
characteristics, its own methodologies and its own disorders all of which existed within a scientific discourse that 
concealed them from view.  
 
Foucault’s writing has been central to much work in architectural theory particularly in the 1990s as notions of 
heterogeneity and otherness have become increasingly important to critical discourse. In his influential work 
“Different Spaces” Foucault argued for his idea of heterotopia, as a model of a working utopia where spaces are 
ordered according to “difference” rather than sameness (Foucault, 1998a, 185). Las Vegas represents a primary 
model of this kind of phenomena where the typical strategies of organisation and classification are no longer 
meaningful due to the complexities and contradictions embodied in their spatial and political allocation. The project 
for Learning From Las Vegas can be understood within a similar framework of discourse to Foucault’s writing on 
sexuality, whereby scientific procedure attempts to establish, from the outset a mechanism for understanding and 
recording the manifestation of popular culture through techniques already familiar to scientific discourse. For 
Foucault, who was acutely aware of the dangers of this “pseudo-scientific” model of analysis, the act of developing a 
discourse and a visual graphic record from which objective results could be attained is, like the procedures through 
which sexuality was documented, part of a long historical tradition for recording and assembling information by 
reducing it to familiar categories of knowledge. In this respect, at least from the point of view of Foucault’s 
epistemology, this model of learning from Las Vegas is more associated with the act of documenting it, ascribing it a 
position and preventing it from escaping the procedures of discourse. 
 
While synchronous with Foucault’s theorising on epistemology, Learning From Las Vegas was the follow up project to 
Robert Venturi’s earlier landmark work Complexity and Contradiction in Architecture where he first challenged the 
basis of modernism by demonstrating the importance of ornamentation and complexity in built forms, citing the 
Baroque as a key period for understanding architectural signification. Widely considered one of the most influential 
works of architectural theory of the Twentieth Century, the work established the position that Venturi, later in 
collaboration with Denise Scott Brown and Steven Izenour, would try to legitimise through their work in deciphering 
the architectural language of Las Vegas. In Complexity and Contradiction in Architecture, Venturi had argued that the 
kind of “articulation and clarity” that is a characteristic of the presentation of architecture (particularly modern 
architecture) through polarities such as inside and outside and open or closed is antithetical to a broader cultural 
need for an “architecture of complexity and contradiction, which tends to include ‘both-and’ rather than ‘either-or.’” 
(Venturi, 1966, 23). This principle, which structures much of the polemical analysis of Complexity and Contradiction in 
Architecture, was a key theme in the deconstruction of Jacques Derrida which emerged almost simultaneously 
through the publication in 1967 of Derrida’s Of Grammatology (first translated in: Derrida, 1976; see also: Derrida, 
1973; Derrida, 1978). Derrida sought to destabilise language through his notion of the undecideable—the in-between 
states of linguistics that can’t be assimilated into Saussure’s duality based linguistics. Derrida used this notion of the 
undecideable to deconstruct the entire history of language in a provocative and highly influential process of 
destabilising the written text.  
 
The work of Learning From Las Vegas is a clear extension of the fascination with complexity and contradiction that 
was articulated in Venturi’s earlier individual work. Chosen for its indecipherable logic and complexity as well as its 
widely held popular appeal, Las Vegas represented, for its authors, a rich cultural artefact of popular taste and 
complex visual dynamics that constituted the modern equivalent of Rome and Athens. Characteristic of an additive 
model of urban planning where “both-and” is valued over “either-or” the authors, in their initial hypothesis stress the 
importance of “inclusion” and “complexity” in attempting to understand and unravel a landscape such as Las Vegas 
(see: Venturi, Scott Brown, Izenour, 1977, 77). Referring to Bergson’s understanding of order as “disorder which we 
cannot see” the authors of Learning From Las Vegas argue that  

the emerging order of the strip is a complex order. […] [T]he order of the strip includes; it includes at all levels 
, from the mixture of seemingly incongruous land uses to the mixture of seemingly incongruous advertising 
media plus a system of neo-Organic or neo-Wrightian restaurant motifs in Walnut Formica. […] The moving 
body in the moving eye must work to pick out and interpret a variety of changing, juxtaposed orders, like the 
shifting configurations of a Victor Vasarely painting. (Venturi, Scott Brown, Izenour, 1977, 52-53.) 
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However, despite these aims and the broader intellectual themes that underpin the experiment, the methodology that 
is embodied in Learning from Las Vegas rather than “including” is based on a scientific model of exclusion and 
categorisation where the incongruities that are characteristic of the visual landscape are systematically dismantled. 
The “incongruous land uses” that the authors praise for their complexity find their representation in a series of 
independent drawings where land uses are depicted in isolation and their relationship to opposing land uses is 
neglected. Images such as the “ceremonial space” (Figure 4) render all other land in a sea of black revealing a 
pattern of sameness, rather than the incongruity which is the reality. The complexity of the urban environment, which 
is embodied in the sudden implosion in space of all of these incongruous factors simultaneously, is compromised by 
their isolation and independence from each other.  The interchange between various typologies and their visual 
communication with each other is ignored through this model of visual stratification. This method of reduction renders 
the complex and fluid visual dynamic of Las Vegas as a series of mono-dimensional, mono-chromal images which, 
while imparting important information, are equally concerned with its exclusion. 
 

 

 
 

Figure 4: Ceremonial Space, Las Vegas Strip (Source: Venturi, Scott Brown, Izenour, 1977, 24). 
 
One critical drawing where the vagaries of this method become clear is the drawing of “Nolli’s Las Vegas” (Figure 5). 
Nolli was an Eighteenth Century urbanist who produced an iconic drawing of Rome where the “private” and “public” 
spaces of the city are shown with the solid matter of buildings rendered in grey. The drawing, as Venturi, Scott Brown 
and Izenour observe reveals the spaces open in the city to a pedestrian. Venturi, Scott Brown and Izenour use Nolli 
as a precedent for their analysis of the strip demonstrating, in one drawing the break down between public and 
private and the solid matter of buildings which separates them. However in Rome the relationship between public and 
private was relatively simple and the primary experience of the city was a pedestrian one. In Las Vegas a much more 
complex situation occurs where cars and pedestrians equally experience the city and the zones available to them are 
ambiguous and not easily defined. Also the notion of “public” and “private” in Las Vegas is ambiguous as even the 
zones available to the public such as casinos are heavily privatised and regulated by a range of clandestine and often 
hidden mechanisms rendering space privatised while superficially retaining the characteristics, at least spatially, of 
public space. These kind of complexities embedded in the social structure of Las Vegas are omitted in the diagram of 
Nolli’s Las Vegas which can not negotiate the complex simultaneous contradictions that underpin the city. The 
dualities of “public” and “private” are contested in Las Vegas as all space retains, to some degree the characteristics 
of both poles. 
 
 

 
 

Figure 5: Nolli’s Las Vegas, Las Vegas Strip (Source: Venturi, Scott Brown, Izenour, 1977, 24). 
 
The reductive processes that are embodied in the diagrammatic depiction of Learning From Las Vegas is a 
characteristic that enables the data to be accumulated independently of the kind of ambiguities that seek to 
undermine it. It is also a theme that the authors are acutely aware of, demonstrating an acute sensitivity towards the 
internal complexities of the visual landscape they are investigating and even at times, the inadequacies of their own 
method of recording it (see, for instance: Venturi, Scott Brown and Izenour, p. 19). One of the most provocative 
attempts to counteract this process of visual stratification is the drawing of illumination levels on the strip which, in a 
study of signification, is the overwhelming spectacle that underpins the landscape of Las Vegas. The French critic 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 323 



Jean Baudrillard, who is one of the most prominent authors to have written about Las Vegas and its relationship to 
American capitalism, saw the moment in the evening, when the buildings dissolve and are replaced by a labyrinth of 
neon signs as the primary architectural experience of Las Vegas, constituting neither day or night but a seductive and 
ephemeral in-between state. Baudrillard wrote: 

When one sees Las Vegas at dusk rise whole from the desert in the radiance of advertising, and return to the 
desert when dawn breaks, one sees that advertising is not what brightens or decorates the walls; it is what 
effaces the walls, effaces the streets, the facades and all the architecture, effaces any support and any depth, 
and that this liquidation, this reabsorption of everything into the surface…that plunges us into this stupefied, 
hyperreal euphoria that we would not exchange for anything else, and that is the empty and inescapable form 
of seduction. (Baudrillard, 1988) 

 
The impact of this constantly changing visual environment which flashes and dims and overpowers the certainty of 
static forms is probably the most complex and intrinsic dimension of its architectural signification and conditions its 
relationship to populism and complexity. Venturi, Scott Brown and Izenour, like Baudrillard see light as a key theme in 
mediating the relationship between space and its occupation, writing “[d]ifferences between the blazing outside and 
the cool, dark inside are poignantly strong in Las Vegas; yet they are counter-crossed by the domesticated “outside” 
inside the patio and by the night-sky lighting of the casino lounges. Day is negated inside the casinos, and night is 
negated on the Strip. (Venturi, Scott Brown, Izenour, 1977, p. 77). However rather than recording this phenomenon in 
its entirety, Learning From Las Vegas provides a single, scientific drawing, without a timescale (see: Venturi, Scott 
Brown and Izenour, 1977, p. 27). The differences which characterise light and animate Las Vegas as an architectural 
phenomenon are not assimilated into its graphic reproduction. 
 
This model of organising and collating information functions on the “either or” model of interpretation that Venturi had 
earlier criticised, establishing an attitude towards representation where space is either “ceremonial” or not, but never 
in between. These models of categorisation are conspicuous, from the levels of advertising to the dismantling of 
hotels into various programmatic elements that comprise them (figure 6). This model of categorisation is embodied, 
equally, in the final thesis of Learning From Las Vegas where the authors postulate famously a historical duality in 
architectural signification between the duck or decorated shed. Using this as a model to reinterpret architectural 
theory, the duality is an important model of division where buildings are assigned inflexible categories based on their 
physical form. Where these dualities, which are scientific and linguistic in nature are criticised in Complexity and 
Contradiction, they underscore the method if not the theory applied in Learning From Las Vegas and also undermine 
the conclusions attained.  
 
 

 
 

Figure 6: Schedule of Las Vegas Strip Hotels (Source: Venturi, Scott Brown, Izenour, 1977, 43). 
 
CONCLUSION 
The highly complex intellectual environment that facilitated the project for Learning From Las Vegas provides a 
provocative framework for reconsidering both its aims and its legacy. Providing an enduring model of documentation 
and interpretation, the work has had a profound effect on attitudes towards architectural knowledge between the 
period of its publication and the present day. In this sense Learning From Las Vegas can be seen as much more 
successful in documenting the broader global concerns of the intellectual culture of Europe and America than the 
inward scientific complexities of Las Vegas. Despite its scientific aspirations, the can be read not as a scientific 
document but as a historicised theoretical one, which reveals the critical appropriation of a number of important and 
revolutionising shifts in intellectual and popular culture of the period. When examined against the backdrop of the 
collective youth culture of the 1960s, the anti-establishment themes of popular music and the visual arts as well as 
the simultaneous resurgence of semiotics and Marxism,  Learning From Las Vegas reveals presciently the 
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preoccupations of critical theory that were to dominate architectural culture for the following decades. Assimilating 
attitudes towards visualisation and populism that were prominent at the time, the work also embodies an important 
attitude towards epistemology, and science which, when framed against the “both-and” framework of its hypotheses, 
begins to reveal inner frictions. Despite describing the environment of Las Vegas as “inclusive”, Venturi, Scott Brown 
and Izenour’s model of documenting the strip is, at every level, exclusive and rests on the scientific and objective 
categorisation of information and its organisation within a visual taxonomy. When read as a scientific procedure, 
rather than a theoretical one, Learning From Las Vegas becomes itself ambiguous. The work as a result represents 
not only a provocative polemic on architectural signification but the complex and often problematic relationship that 
exists between scientific procedure and architectural discourse. 
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ABSTRACT: Developing a guide for promoting social capital during precinct development has the 
potential to be influential in the debate regarding the “Quality of Life” on medium to large mixed use 
schemes that have residential tenure as a major element of provision. The drive to create planning and 
design guidelines and toolkits is in response to the proposition that the potential for influencing the 
‘Quality of Life” of a community and thus its sustainability via planning and design decisions is 
considerable, and one which those involved in development need to recognise.   
 
Several major developers and their advisors have suggested that they have good track records in the 
planning, designing and building of new sustainable communities. However to date there has been 
little rigorous measurement of this claimed success. To address this, it is proposed that “Quality of Life” 
Audits be undertaken amongst residents and other stakeholders (e.g. state, city and local council’s 
commercial employers, retail providers, community officers, etc.) who live and work on medium to 
large precinct developments.  The resulting measures will it is believed provide “Quality of Life” 
indicators to be used on this growing development form. 
 
Conference theme: Human issues 
Keywords: Human and natural environment, sustainability, “Quality of Life”, social capital, indicators, 
planning and design guidelines. 

 
 
INTRODUCTION: Popular Perception and Primary Objectives. 
The perception is that “Quality of Life” will fast become a popular and widely used phrase within the sustainability 
debate. Whilst it will not supplant the current and more widely used buzzword “sustainable” it may have greater 
influence on how developers need to consider critical social dimensions on future developments. This will be 
particularly so for medium to large mixed use precincts where a range of residential tenure provision is a major 
element. “Quality of Life” has now been at the heart of UK Government sustainability policy making for several years 
covering issues such as health, education, transport, employment and the environment. Many Regulatory bodies, 
local government authorities and NGO`s have enthusiastically adopted engendering principles set out in the steady 
stream of “Quality of Life” publications since the late 1990`s. It can now also be seen as a growing principle in 
strategic and policy documents of Australian Federal, State and Regional Authorities. It is an all encompassing view 
that translates readily into goals, aims and objectives of the missives on community sustainability emanating from 
these bodies; the difficulty as ever is in its delivery.  
 
The potential for influencing the Quality of Life of a community and thus its sustainability via planning and design 
decisions is considerable and one which those involved in development need to recognise.  Several major 
developers and their advisors have suggested that they have good track records in the planning, designing and 
building of new sustainable communities. However to date there has been little rigorous measurement of this claimed 
success. Therefore to ensure that these “far sighted” developers and others do achieve and maintain enviable 
records in planning and building successful and sustainable communities it is proposed that “Quality of Life” audits be 
undertaken. The main aim and/or outcome of these audits are to develop a set of indicators to measure whether or 
not the social objectives sought are being achieved. This is different from most other development industry outcomes 
research, because these have mainly concentrated on measuring environmental performance and the quality of 
construction processes and outcomes. The proposed audits aims are to look at the social benefits being achieved 
and to develop sets of indicators based on measured performance outcomes and eventually provide guidelines and 
toolkits for social sustainability. The toolkit is being aimed at developers, planners, designers and other stakeholders 
involved in the precinct development process.  
 
Today many developers are seeking to establish good ecological track records in the building or regeneration of what 
they believe to be sustainable communities.  The master plans of the growing number of medium to large scale mixed 
use urban, coastal and rural precincts normally offer new and/or refurbished residential homes and units with a 
variety of tenures. They also have a planned range of facilities perceived as essential in giving lifestyle choices. 
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Schools, retail outlets, specialist shops, community buildings, health, commercial and employment opportunities and 
leisure activity are frequently included dependent on the location and scale of the development. Combined with these 
are accessible open spaces that will usually include structural landscaping, recreational facilities such as bikeways 
and footpaths, children’s play areas and equipment. 
 
From the preceding it can be argued that developers, their professional advisors and the various regulatory 
stakeholders embarked on pursuing sustainable goals will usually seek to achieve comprehensively planned, 
walkable and well connected neighbourhoods. Therefore, the intention of these parties is to build balanced, 
comprehensive communities that meet sustainable development aims and maximise people’s “Quality of Life”. 
However the approach taken primarily perceives of communities as a place or place based. This view is “widespread 
and underpins most urban design principles and practice”. Unfortunately, the creation of a sustainable precinct 
community is not simply about the provision of place no matter how well planned or designed, though these elements 
help. What is critical to the social wellbeing of the community is to turn the notion on its head and suggest that 
“people in a place” would be a better approach. This would drive decisions towards investment in the people rather 
than simply bricks and mortar. It would recognise more readily the complex strands of social and economic networks 
and that communities of interest and attachment are more important than communities of place. (Ziller: 2004) 
Therefore a primary objective of proposed “Quality of Life” auditing research is to create guidelines and resultant 
toolkits that shift some of the planning and design decisions of these new precinct developments into utilising well 
researched social and community impacts based on shared visions of what a potential or existing community should 
be in terms of social wellbeing.  
 
SUSTAINABLE STRATEGIES: Themes 
 

“Sustainable development is about ensuring a better quality of life for everyone, now and for 
generations to come. It means recognising that our economy, environment and social well being are 
interdependent. It means protecting and, where possible enhancing the environment; ensuring we 
satisfy people’s basic needs, such as providing decent(sic) homes and safe streets and giving people 
the opportunity to achieve their potential through education, good health and employment. And it 
requires a robust economy to create the wealth that allows needs to be satisfied, now and in the 
future”. (DETR: 2000) 

 
In setting out a nation’s commitment to improving “Quality of Life” sustainable development strategies normally aim to 
meet four objectives at the same time: 
 
• Social progress which recognise the needs of everyone; 
• Effective protection of the environment; 
• Prudent use of natural resources; 
• Maintenance of high and stable levels of economic growth and employment. 
 
Further, governments are seen to be seeking to establish by policy and directives sustainability as a cross-cutting 
theme at both regional and local level within the private and public development sectors. They believe and evidence 
is supporting the idea that sustainable approaches do lead to improved environmental, social and economic returns 
and outcomes. In seeking to deliver these wide ranging objectives many governments employ the use of executive 
power i.e. planning directives and legislation or indirectly via task forces or groups, local government associations 
and non government organizations. Some governments have placed a duty on principal local authorities to deliver 
improved environmental, social and economic wellbeing in their areas so determining the contribution, if not the 
means of achieving sustainable development. Some would suggest that this responsibility is passed because there 
appears to be major barriers to delivering good intent at the regional, local and ultimately individual level. For 
example, the Sustainable Development Commission in the UK is charged with the practical task of moving from 
theory into practice - to turn words into action. Its goals are to deliver a development renaissance, to reduce 
greenhouse gas emissions, to improve housing, to modernise the nation’s transport networks and revitalise deprived 
neighbourhoods in an integrated approach. Whilst considerable funding is provided or promised the track record of 
this type of broad integrated approach is somewhat discredited given the history of failure by many governments 
when tackling questions of community social wellbeing. However, despite concerns of applying such policies in 
particular when they are driven by “epidemiological research findings to the question of social wellbeing” this type of 
agenda is to be seen in many of developed industrial nations including Australia. (Ziller: 2004) It is suggested that 
results emanating from the proposed audits would provide localized, direct and therefore more positive means of 
implementing ‘Quality of Life’ agendas at the precinct development level.   
 
“QUALITY OF LIFE” PLANS: Public Sector Initiatives  
It is inherent in the approach adopted by central government regarding the improving of “Quality of Life” within 
communities that this becomes a central theme of the work of local authorities. The shared sustainable community 
agendas proffered affects all places: large and small, urban and rural. Local authorities are given in the main the key 
role of meeting the challenge of developing new communities and enhancing existing ones. These councils normally 
commit themselves to delivering attractive, vibrant, safe and friendly places. They seek to achieve for a wide range of 
reasons communities that have a true sense of place and where people ultimately really want to be and live. 
(MOORE, OLDHAM: 2001)  An example of the public sector responding to the sustainable agenda is seen in London. 
When setting the Greater London Authority’s policies, there is a legal requirement that each of the Mayor’s strategic 
policies is sustainable.  The aim of the GLA is for London to become a city based on sustainable principles.  Such a 
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city would have high-performance buildings with minimum energy use and minimal CO2 emissions.  As a 
consequence, London would have a far less damaging impact on the globe and an improved “Quality of life” for its 
residents and visitors. This type of approach tackles the more tangible physical delivery of sustainable strategies. 
However, the broader and sought after holistic dimensions of “Quality of Life” are not so readily recognisable and/or 
measurable.  
 
So what is “Quality of Life”? In 1999, the UK government issued ’13 measures of happiness’. After some initial 
reactions, these subsequently became 15 headliners with a number of sub indicators. (DETR: 1999) The number of 
sub indicators has been growing ever since with each passing year and new publication. The plan was to offer 
parameters by which it was possible to measure “Quality of Life” headline indicators. Since then as noted more and 
more sub indicators (the total is near 150 at the last count) have been added to the list of measurements of a nation’s 
and its communities well being. The major outcome of all this at government level (particularly in the UK) is a term 
used synonymously with sustainable development because it is a term felt to be more easily understood by the 
general public. (DETR: 2000) The headline indicators noted in the following quality of life plan are universally 
common to virtually all industrialised nations and presents the framework within which many approach the issue of 
what constitutes “Quality of Life”. 
 
 

 
Figure 1: Quality of Life Plan (BDC: 1999) 

 
How these headline indicators diffuse into local communities and individual consciences is of importance to the 
suggestion that “Quality of Life” can be measured. Local Authorities, regulatory bodies and NGO`s not surprisingly 
seek to interpret the issues normally in the form of a listing of important topics such as employment, transport, 
community safety, social equity and so on. They then conceive a plan to tackle the issues associated with the topics. 
The plan will seek to identify a range of problems and how they may be tackled and resolved. Initially these plans 
normally suggested that a community’s wellbeing and its “Quality of Life” would be enhanced if solutions were found 
in any area of activity. Today many are adding that plans and problem resolutions will be more sustainable if the 
shared social, economic and environmental linkages common to more than one topic are taken into account. Critical 
to this process are the characteristics of a sustainable community (see Figure 2). 
 
These types of indicator frameworks and menus are useful in offering a means of “‘measuring, simplifying and 
communicating important issues and trends” in a way that helps people understand the key issues of sustainable 
development. They provide possible benchmarks against which progress can be measured. Useful pointers are given 
for people to determine their own responsibilities in achieving sustainable community outcomes. Importantly they also 
show that central and local government can not deliver sustainability without the stakeholders of a community i.e. 
citizens, business, employers, teachers, young and old persons, householders voluntary or community groups taking 
part or total responsibility for their community (DETR: 2000). 
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Figure 2: Characteristics of a sustainable Society (or community) (DETR: 2000) 

 
 
LEVELS OF SUSTAINABLE PROGRESS: Private Sector Initiatives  
Whilst there has been some progress in the take up of sustainability by the private business sector however it is still 
small in world market terms. For some far-sighted companies, sustainable development is a business imperative. 
Though still a new area, many corporations are looking at sustainability and related areas as a source of opportunity. 
Approximately $12 billion dollars of equity are in DJSGI funds. (Dow Jones Sustainability Group Indexes)  Companies 
committed to sustainable development have continued to out-perform the world stock markets, according to the 2005 
annual presentation of a global index of the world’s most sustainable firms. The 2003 and 2004 returns on equity of 
the DJSGI show an average 10% higher returns compared with companies in the regular Dow Jones Industry index. 
(DJSGI: 2005) It is likely that the development companies involved in this take up will be the market leaders and lead 
the drive for well-planned developments. They are also more likely to utilise sustainable technology approaches on 
their developments laying out the path towards achieving innovation performance targets in areas such as  energy 
efficiency, waste minimalisation, water conservation and construction processes. They will likely be more open to the 
idea that building new communities is much more than just bricks and mortar that it is about people and how they act 
and interact as a community within new (or regeneration) precinct developments. 
 
Many national construction industries under pressure from governments have also been developing strategies for 
more sustainable development and construction.  There are a number of these for example UK based CIRIA 
launched a set of indicators mainly concerned with client satisfaction and project delivery, the reduction of energy  
use, material waste and water conservation. This is aimed at helping development and construction companies to 
measure their performance against industry best performance sustainable development. Whilst some in these sectors 
show a willingness to encompass the principles of sustainability, the fragmented nature of the sectors tends to restrict 
take up and presently sustainability gains are patchy. Further whilst some of the indicators consider the wellbeing of 
employees and the impacts on communities by development and construction activity little is directed at the long term 
social impact outcomes of development and few if any mechanisms are in place to revisit the many resultant 
buildings and precincts when completed.  
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At the sharp end of planning and design of precincts the Green Globe 21 Precinct Planning and Design Standard 
(Hyde, Moore, etc.: 2005) attempts to tackle the issue of environmental, social and economic commitments on 
individual precincts at the planning and design stage. The standard goes some way to address the issue of 
determining at an early stage the outcomes of decisions impacting on a community’s social wellbeing. This 
performance based tool seeks to reconcile the notion that environmental, social and economic goals are mutually 
reinforcing and in doing so it raises the concept that a major principle of sustainable development should be working 
toward achieving social contact, social stability and community coherence. Further, by social commitments there is 
the potential of increasing “local opportunity to put people back on the streets, by putting life back into town centres.  
It is argued that the key to successful sustainable development is choice. The point of good planning and design is 
not to force a particular brand of behaviour but to facilitate behaviour which is environmentally benign: to open up 
options which are currently squeezed out by dominant market trends or policy conventions. ” (UWE: 1995) 
 
SOCIAL CAPITAL: Elusive Glue 
The role of social capital must be considered when improved “Quality of Life” is fostered as the prize of sustainable 
developments.  While the term social capital has been used in varied ways, it can be defined in context of this paper 
as “the process and conditions of social networking among people and organizations that lead to accomplishing a 
goal of mutual social benefit, usually characterized by trust, cooperation, involvement in the community, and sharing.” 
(CDC 2005) Accordingly, “social capital can be understood as a resource to collective action, which may lead to a 
broad range of outcomes, of varying social scale. For individuals, this can mean access to social connections that 
help the processes of getting by or getting ahead. For communities, social capital reflects the ability of community 
members to participate, cooperate, organise and interact”. (AIFS 2002) Included in this definition are a person’s 
family relationships, kinship networks, friendships, acquaintances, civic attachments and institutional ties. (Putnam 
2000). It is argued that social capital is “an empirically elusive concept yet has also been heralded as the glue that 
holds communities together. The essence of social capital is quality social relations. It is the quality of relationships, 
understood through the use of the concept social capital, which affects the capacity of people to come together to 
collectively resolve problems they face in common and achieve outcomes of mutual benefit”. Importantly in context of 
this paper it is believed that “for communities, social capital reflects the ability of community members to participate, 
cooperate, organise and interact critical to the success of a community’s sustainability. Currently, there is much policy 
and academic interest in the capacity of social capital to generate both micro level outcomes such as family wellbeing 
as well as macro level outcomes such as efficient economies, democratic policies and active communities”. (AIFS 
2002)  
 
Therefore, conceptionally, whilst “Quality of Life” and social capital are closely related they are essentially different 
things. Quality of life is a broad concept which includes environmental, social and economic dimensions. Social 
capital is an important “hard or soft” ingredient of “Quality of Life”. Simply put “hard” ingredients represent the 
physicality of development provision with soft ingredients being the ability to participate in the choice and evolution of 
the community. Access to basic services such as schools, healthcare and retail offers, cleanliness in streets, feeling 
safe to go out at night, accessible open space, habitats for wildlife, number of trees and shrubs planted, community 
empowerment, life/work balance are recognisable social capital elements. At the development level developers of 
new communities have sponsored such things as a range of social events, established liaison forums to represent 
local residents prior to the creation of more formal local governance structures, and even increased water pressure 
so that everyone including existing owners and occupiers can have a decent shower. These “soft” ingredients along 
with the “hard” are all aimed at engendering community wellbeing and thus its sustainability. The noted dimensions of 
modern living and many more are said to be that which makes for “Quality of life”. With all these actions it is hoped 
that they will have improved residents and other precinct stakeholder’s “Quality of Life”.  However at present there is 
no guarantee of success. 
 
How to measure the actual success or otherwise of these and other social capital inputs and then positively employ 
them on other new or regeneration precinct developments is the challenge. This is particularly so given the argument 
“that there is a gulf between theoretical understanding of social capital and the ways social capital has been 
measured in much empirical work to date”. This has been caused by “the conceptualisation of social capital racing 
ahead of the development of tools for measuring it empirically”. It is suggested that this has meant “that Public policy 
(and it can be argued private responses) cannot aim to facilitate the growth of communities rich in social capital with 
accuracy until we know, and are able to measure and describe, what such communities look like and what role social 
capital plays within them”.(AFIS: 2001)  
 
MEASURING ‘QUALITY OF LIFE’:  The task ahead and goals to be achieved 
The proceeding concern regarding measurement systems is relevant to development activity. The current methods 
employed by many in the development and construction industries are strong on measuring environmental and 
economic issues but not so at highlighting the social impacts of development.  Developers will have to address this 
grey area.  The development of a measurement framework and assessment of the social and related economic 
impacts on mixed use precinct development schemes is now an imperative if “Quality of Life” agendas are to be 
implemented.  The aim of such an assessment is to help developers and also the industry to understand how building 
homes and associated community infrastructure translates in building communities. 
 
So why carry out an audit? Why engage in an area fraught with difficulty? It is without doubt that Developer’s bear an 
environmental, social and economic responsibility on how they can beneficially shape the built future.  Through well-
planned and designed developments, they have a real opportunity to improve the “Quality of Life” for new residents, 
service providers and users of their developments and not least of those living nearby in adjoining areas. Whilst some 
Developers are beginning to utilise sustainable approaches on their developments few do so using performance 
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based models underpinned with fully researched and validated “Quality of Life” or social capital guidelines. This is 
important because without a prescriptive approach to establish sustainable “Quality of Life” visions, or to ensure early 
planning and design processes and decisions that offer the opportunity for social capital development, and then 
encourage a performance-based approach to assess, benchmark and reward positive environmental social and 
economic performance (actual or potential) sustainable development will not follow.  This would seriously 
compromise the outcome of an overall enhancement of the developer’s planning & design intent and the 
environmental, social and economic performance of the precinct’s planning, design and related infrastructure. Such 
failure can only endanger any opportunity of providing the means by which community sustainability can be achieved 
and therefore its ‘Quality of Life” enhanced. This lack of performance based approach is critical. Even the newly 
developed PPDS tool noted earlier cannot offer at present fully researched and therefore rigorous in depth guidelines 
on how best to achieve or at least lay the foundations for community building.  
 
The intent of a “Quality of Life” Audit would be to look at the social impact of building a new community and to 
develop a set of indicators for measuring the impacts. How would such an audit achieve this? Primarily the audits are 
about the development of indicators and guidelines. Indicators as stated are tools that measure, simplify and 
communicate. In this case, “Quality of Life” indicators can provide a benchmark on which progress can be measured. 
For example, these indicators can be negative such as the amount of litter, petty vandalism e.g. graffiti or dog mess.  
On these last issues, it is common to hear complaints aimed at young persons damaging community facilities with 
spray paint and concerns regarding children stepping or indeed falling in dog’s mess in children’s playgrounds and 
public parks.  Despite campaigning on both issues many local authorities can take extraordinarily long periods to 
respond let alone action remedial work such as providing dog proof fence erection around playgrounds. It can be 
seen that both the initial problem and the ongoing failure to resolve, would create individual, and ultimately 
community stress affecting the wellbeing of that part of the community most affected. The example also indicates that 
individual measures of well being can be at very basic level, a fact often missed by developers and advisors in their 
attempts at creating viable community inputs. Conversely, positive indicators can be much broader for example, the 
growth over time of the number of clubs, organisations and societies that evolves within a community, and the 
number of persons taking up responsibilities within these opportunities of involvement in community growth and 
development. Developers are often tempted into the provision of large public halls which they regard as essential for 
community interaction. This well intentioned but somewhat non focused approach is fraught with problems not least 
because of the difficulty in measuring the impacts of such action. For example, which community to communicate 
with in assessing their impact, the existing or the proposed, the investor or the occupier, the long term resident or the 
visitor? Accordingly, what constitutes a community particularly on a new precinct? How long before the true makeup 
of the community is reflected and ultimately what influence or actual powers does the community have in the 
management of resources? Therefore whilst laudable, well intentioned decisions on social capital can in fact become 
a negative measure of community wellbeing if total community involvement and empowerment is not achieved by all 
sectors and age groups of the new or critically, an existing community.  

This suggests that care must be taken with all social capital provisions. Without studying the actual needs of a 
community the facilities deemed essential may turn very quickly into areas of conflict. Thus whilst indicators are 
useful, they are very powerful. They can distort priorities focusing attention on those issues which are included and 
suggest that other issues perhaps omitted because they are possibly long term investments and/or hard to measure 
may be less important. Accordingly care must be taken in firstly the selection of indicators, and secondly in their 
implementation. 
 
CONCLUSIONS: Audits, Primary Objective and Ensuing Added Value. 
It is suggested that this type of auditing based study will need to be broken down into distinct phases. (NEF 2001)  
The first phase as with most research would be a review of existing literature and best practice. However an added 
element is to liaise with key players familiar with sustainable development issues.  Some initial work within this phase 
has taken place in the UK. Those involved included New Economics Foundation, the Council for the Protection of 
Rural England, Building Research Establishment, Countryside Agency and Construction Industry Research and 
Information Association.  They were contacted to ensure the empirical robustness of a proposed methodology.  The 
main aim of these liaisons was to seek help in developing a framework by which a set of indicators for measuring the 
social impact of large mixed use development schemes could be established.  A similar undertaking is proposed for 
Australia with involvement of the University of Queensland’s Community Service & Research Centre being of primary 
importance given their current work in this field. The remaining phases of the research project will consist of piloting 
the framework on medium to large mixed use precincts and then re-assessing the framework by comparing and 
analysing the findings of these pilot studies. This practical phase of carrying out a Quality of Life Audit will be 
amongst residents and other stakeholders (e.g. local councilor’s commercial employers, retail providers, community 
officers, etc.) who live and work on medium to large precinct developments.  Thereafter adapting the framework so 
that it can be used without external support and lastly developing a user guide which will enable developers to apply 
the framework on other developments. 
 
A major research goal is to achieve both qualitative and quantitative information through a measured approach that 
helps to better understand how building homes in the growing precinct development form can be translated into 
building sustainable communities.  What the research is trying to understand is the effect that medium to large, mixed 
use precincts with extensive residential provision have on community cohesion, pride, social networks and the well-
being of new and existing communities.  From this research, it is hoped to achieve a better understanding of the 
ingredients that go into the vaunted social glue that make communities work.  For example, how important is the 
funding and development of sports facilities, e.g. sponsorship of youth football or netball teams, or establishing 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 331 



community newsletters or magazines, providing community art, creating self governance opportunities? In studying 
“Quality of Life”, it is hoped that a better understanding of relationships between other elements of development 
planning and design decisions were impacts regarding sustainable development may not be immediately apparent 
will be gained?  For example how critical is wildlife adaptation to the creation of new precincts to the overall wellbeing 
of the new or existing community. Would impacts on people’s current travel patterns prior to the introduction of 
enhanced public transport and street management common to most new developments result in improved community 
air quality and health? (Moore, Oldham 2001) 
 
The main objective of the exercise is to provide guidance on policy making and the development of strategies to 
improve the delivery of developer’s undertakings.  This objective is based on the fact that ‘a developer does not just 
build houses, but creates physical space in which human and social interactions are to take place’.  The well being of 
people living in these areas depends amongst other things, on the design and the overall quality of the physical 
space that is being used for the development and the social and personal space that is being created.  From this 
perspective, a ‘sustainable space’ is one that allows people to achieve their aims and wants in that space at minimal 
environmental cost. (UWE: 1995) Developers lay claim to having achieved this ‘sustainable space’ on many of their 
developments.  They also claim that they seek to achieve this objective on others. The danger for many developers is 
that it they have virtually no rigorous scientific evidence to support their claims. Accordingly, it is suggested that 
developers laying claim to such outcomes participate in the research project to develop measures by which one can 
identify how the objective of sustainable development was, and is, achieved. Such evidence will have untold value in 
firstly justifying claims, secondly in improving developments and thirdly and most importantly offering hard facts to 
support current and new developments planning and design decision making. 
 
Justification for this research is readily available. The following statistics are in response to the new agenda for 
sustainable communities in South East Queensland. It is said that the regions population will increase from the 
current 2.6 million people to around 3.7 million people in 2026. This will generate a requirement for an additional 
550,000 new homes to be built in the state over the next two decades. (QLD: 2005) What these figures do not show 
are the potential impacts of the resultant new communities, the effect on existing communities and the changes this 
will produce in local economies and the environment.  These impacts may be both positive and negative. The 
organization that understands and can demonstrate the performance of its developments will be well placed to 
respond by to the challenges and the potential of the demand generated. Successful far sighted and ecological 
developers will be able to harness the building boom to make real contribution to sustainable development – through 
tackling social inclusion issues, harnessing economic and social regeneration potential, working to build human 
capacity and designing new neighbourhoods to work with, not against, environment, social and economic capital. 
Whilst some in the development industry recognizes this challenge, others will simply respond with existing 
approaches and with predictable results of poorly considered and designed developments. There is a real opportunity 
for industry leaders to pioneer the shift towards sustainable development at project level.  
 
Reporting on environmental impact is fast becoming an industry norm, with many benchmarking processes in place – 
including that of Environmental Governance, which benchmarks the environmental performance of major developers 
and contractors.  Some blue chip companies outside the construction industry are also beginning to measure ethical 
and social impacts.  Many of these recognize that only through stakeholder engagement can real impacts be truly 
understood.  These companies, such as Shell, and United Utilities have reported publicly on their social impact 
through social auditing processes.  Others such as General Motors are moving beyond this to total sustainability 
reporting. Yet so far few development or construction companies have systematically reported on the interrelated 
environmental, social and economic impacts of their developments.  In fact many have talked about a ‘cycle of blame’ 
where all players in the business find that the next person in the supply chain is not adequately addressing 
sustainability. (STF: 1998) A positive aside of the research may be the ability of developers involved to use the 
involvement and outcomes as a measure of their ecological profile. This may have possible benefits when dealing 
with approving agencies and institutional investors following similar sustainable business agendas. 
 
The proposal offers developers an opportunity to design and carry out a sustainability audit of site-based projects, 
and break this cycle conclusively. Key outputs from this work would be: 
 

• A framework for measuring environmental, social and economic impacts of a development based medium to 
large mixed use precinct development.  This framework will be transferable so that ultimately the impact of 
developments can be compared and benchmarked.  Such a framework would be at the leading edge of 
good practice in an industry that is beginning to make its mark at the forefront of sustainability. 

• A process for engaging with stakeholders at project level in a dialogue about environmental, social and 
economic impacts.  This process would be broadly transferable to other developments in the future, and 
could be harnessed to build stronger stakeholder relationships over time. Effective stakeholder engagement 
is likely to be one of the core elements of good practice as both government and the public make stronger 
demands for the industry to account for its contribution towards social inclusion and sustainable 
regeneration. 

• A specific understanding about the impact of housing developments on people and the environment.  This 
can be used by developers to demonstrate the worth of individual developments, as well as having wider 
implications for advancing understanding of such impacts. 
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It is argued that this would be groundbreaking within the development and related construction industry. 
 

• It would move best practice in the development and construction industries beyond environmental indicators 
to a multi-stakeholder understanding of impact. 

• It would provide a framework for measuring and understanding both environmental and social (including the 
local economy) impact of new housing developments.  It would advance practical knowledge of the elements 
of sustainable construction. 

• It would be amongst the first sustainability auditing of site-based projects.  Social auditing is moving into the 
mainstream in both corporate and voluntary sectors.  However, current practice concentrates on an 
organisations impact – rather than understanding the impact of a project.   

 
Finally, such indicators when used will raise not only the quality of schemes but raise the profile of developers and 
their advisors to a position of leading future development evolution in terms of planning and delivery. A social audit is 
a framework that helps an organisation to understand measure and report on its social performance, with the ultimate 
aim of improving that performance. The social auditing methodology can be used to strengthen relationships and 
demonstrate multi stakeholder accountability. There is a growing belief that sustainable development approaches will 
become the business model of the future and there is no doubt that those that get left behind will find themselves lost 
in the new economic landscape.  In making progress on the journey towards more sustainable patterns of 
development developers must understand how people live, work and play in their developments.  Therefore, the task 
is simple: to recognise where practical steps can be taken.  In essence, it is all about putting people first. 
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ABSTRACT: "How does the ‘inside/outside’ connection of a residential dwelling, affect the perceptions, 
preferences and behaviours of the occupants?” 
 
The aim of this study was to investigate the behaviours and attitudes of residential occupants, and how 
these were affected by the design of the house, paying particular attention to the connection between 
inside and outside spaces, and the influence on energy consumption. This study drew primarily on data 
gathered from a cross section of residences across the greater Adelaide metropolitan area. The design 
and construction of each house was studied and occupants interviewed regarding their interaction with 
the environment, covering issues such as ventilation, heating, cooling and use of living spaces (inside 
and outside). The energy consumption of each house was derived from power accounts. This data was 
then correlated and the patterns interpreted. Along with this interpretation, many incidental associated 
observations were made. The results of this study offer some interesting links between the way 
occupants perceive their environment and their behaviour. The correlation between the indoor/outdoor 
connection and use, and the consumption of energy is discussed, as are a number of other incidental 
observations derived from the gathered data. 
 
Conference theme: Human issues: social, cultural, economic, thermal comfort 
Keywords: Living, Behaviour, Energy, Design 

 
 
1. BACKGROUND 
This study was motivated by four observations as described below. 
 
1.1. The ‘McMansion’ 
The McMansion, as visually described in a photographic exhibition of Richard Glover’s work, recently reviewed in Aa 
magazine, is infesting the Australian landscape at an alarming rate. (see Fig. 1) In providing the text for this review 
Clement captures the essence of this building development phenomena. 

The pop culture label McMansions perfectly sums up these mass-produced monoliths. They have all the substance 
of the fluffy white Big Mac bun. Like their namesake, they may not be nutritious, but people gobble them up. The 
burger giant relies on a winning combination of lots of sugar and lots of salt. McMansions offer maximum bulk on 
minimum land: two stories, five bedrooms and nothing less than the great Australian dream. 
Big, bland and bloated, these are not beautiful structures. Architects, sociologists, cultural critics and enlightened 
town planners around the world have already written thousands of pages, millions of words, in books, newspapers, 
journals and on the web condemning these houses as ecologically unsustainable, socially detrimental, physically 
excessive and aesthetically just awful. (Clement 2005:60)  
 

 
                                                                                                      Source: (Glover 2005) 

Figure 1: Image of newly built McMansions 
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1.2. ‘Café door’ architecture 
Look in any recent edition of any Architectural magazine and you will find houses that display a strong spatial and 
visual connection between the inside and the outside living areas. (e.g. Fig. 2) Large sliding or café doors form the 
slender barrier between outside and inside, and are often depicted open revealing a continuous flow of space 
highlighted by unchanging flooring and walling materials. 
 
Do the occupants of these houses really throw open the café doors every morning before sipping lattes whilst 
reclining on cane lounges somewhere between inside and outside? 
 

 
Source: (Author 2006) 

Figure 2: Blending the inside and outside living spaces 
 
1.3. Energy to burn! 
The 1999 report, Australian Residential Building Sector Greenhouse Gas Emissions 1990-2010, makes it quite clear 
that the residential building sector demonstrates significant and increasing levels of energy use and greenhouse gas 
emissions. Whilst electrical household appliances account for the majority of actual and projected greenhouse gas 
emissions, space heating and cooling accounts for 15%. (Australian Greenhouse Office, 1999:24) The report states 
that the challenge for the industry is how to become “more environmentally sensitive while remaining economically 
efficient.” (Australian Greenhouse Office, 1999:3) 
 
A report by CSIRO and University of Sydney titled Balancing Act - A Triple Bottom Line Analysis of the Australian 
Economy (www.cse.csiro.au/research/balancingact) says that the biggest sustainability challenge to the residential 
building sector is that “markets, institutions and behaviour lag well behind what is technically possible in reducing 
water use, energy use and greenhouse gas emissions of the domestic housing stock.” Standards Australia released 
a white paper in Jan-2006 titled Sustainability in Buildings, purportedly to harmonise the work of a number of existing 
committees under the general banner of sustainability. These are described in section-3 and include water, energy, 
natural resources, waste generation, pollution, and transport.  A new committee SB-001 Sustainable Buildings – 
Design and Management, “will be charged with documenting general principles for the design and management of a 
building to be sustainable.” (Blair and Hitchiner 2002) 
 
In these and other relevant documents it is encouraging to note the impact of significant works and events such as 
the World Commission on Environment and Development report Our Common Future (the Brundtland Report) 
(WCED 1987), the 1992 Rio Earth Summit and the 2002 Johannesburg Summit on Sustainable Development. At the 
very least, this highlights an acknowledgement that our current development is not sustainable and that the building 
industry could and should be doing a lot more in working towards a sustainable architecture. 
 
1.4. Star Rating Schemes 
Unfortunately, the rating tools that could and should be making such a difference in any attempt to develop a 
sustainable residential architecture in Australia, many people believe fail to effectively assess the performance of a 
building due to “a lack of quantitative performance criteria”. (Williamson, 2005:3) “No building assessment tool 
currently used in Australia conforms to proposed ISO standards in terms of transparency, traceability, verification, 
auditing or quality of technical information.” (Williamson, 2005:4)  
 
Current House Energy Rating Schemes (HERS), like Firstrate and NatHERS, assess houses based largely on the 
building shell construction and orientation of fenestration, “along with assumed occupant use patterns.”  (Williamson, 
2004:10). The subtlety of house design, including effective cross ventilation, solar access, local environmental issues 
(other than general weather data), and other site-specific issues, that affect the differing modes of living within the 
house, are not taken into account. These rating schemes assume the same mode of living regardless of the house 
design.  
 
2. AIM 
This study aimed to weave these four threads together and it investigated the behaviours and attitudes of residential 
occupants, and how these were affected by the design of the house, paying particular attention to the connection 
between inside and outside spaces. Clearly, the standard budget proprietary house being reproduced today in an 
average subdivision ‘development’ demonstrates little resemblance to many of the ‘ideal’ architecturally designed 
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houses that highlight a strong inside/outside relationship. How does the design of each of these houses affect the 
way the occupant’s feel and behave within the spaces? And in turn, does this affect the general consumption of 
energy? 
 
3. METHODOLOGY 
This study draws on data gathered, via interviews from a cross section of 20 detached houses across the greater 
Adelaide metropolitan area. As the data set was so small, care was taken to include a range of house age, house 
construction and orientation, occupant age, socio-economic status, and geographical position. Of the 20 houses 
studied, 8 had been extended, 7 of those within the last 10 years. 
 
The design and construction of each house was studied, including materials, fenestration, orientation, insulation, 
colours, shading, and light and heat control devices. Numbers of occupants were recorded as was time spent in the 
house. Occupants were asked their perceptions of the house on the subjects of heat, light and ventilation. Time was 
spent ascertaining the level and types of interaction they had with the indoor and outdoor environment, covering 
issues such as ventilation, heating, cooling and use of living spaces. 
 
The energy consumption of each house was derived from household energy accounts. Readings for electricity, gas 
and wood were converted to MJ and added together to form an overall average daily energy usage. This amount was 
then normalised to take account of the number of occupants and the amount of time spent in the house. All but 2 
residences energy readings were determined. (Note: A previous study by Monika Oliphant 2003, found no correlation 
between energy consumption and number of rooms in a house, for house sizes within the range studied here.) This 
data was then correlated and the patterns interpreted. Along with this interpretation, many incidental associated 
observations were made.  
 
4. RESULTS AND DISCUSSION 
 
4.1. Preferences 
Of the households studied, all spoke positively of the concept of an outdoor living area, and in more general terms; a 
connection with the outdoors. All but two residences possessed a designated outdoor living area. Over half had 
altered or created a new outdoor living area. Figure 3 summarises the responses to questions around satisfaction 
with the outdoor living space. These were all open, unprompted questions, and so it is interesting to note that a 
connection between inside and outside spaces is clearly seen as a positive and desirable attribute.  
 

 
Source: (Author 2006) 

Figure 3: Factor contributing to outdoor space use and what needs changing 
 
In general the average Australian home has always had a strong connection with the outdoors. From the humble 
beginnings of the verandah on early Australian colonial houses, through to the BBQ area under the pergola, 
Australians have consistently searched for a shaded outdoor space somewhere between inside and out (Vulker 
1986:52). By the rate and amount of suburban development it is clear that the ‘great Australian dream’ ideal of a ¼ 
acre block on a leafy street is still upheld, and yet no longer exists as lot sizes now average 450m2, and “in opposition 
to the diminishing plot size, we have bigger and bigger houses.” (Johnson 2004) 
 
The desired outdoor living space is becoming increasingly difficult to attain. As houses get bigger and blocks get 
smaller the options for outdoor living areas become increasingly less. In all but one residence studied, the outdoor 
living area was directly behind the house (when approached from the street), irrespective of the street orientation, 
possibly indicating that issues of privacy are important or alternatively that there are simply no other siting options. A 
general conclusion from the data collected shows a preference to possess an outdoor living area. The amount the 
outdoor living area is used and what it is used for varies greatly between households. 
 
4.2. Behaviour 
4.2.1. Use 
In order to compare houses effectively, some general scales representing the indoor/outdoor connection, satisfaction 
and use of the outdoor area were derived. 
 
The Overall inside/outside connection scale was derived from examining house plans and general on site 
observations. Visual connection, physical connection and access were equally weighted to obtain the score. 
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The General satisfaction with outdoor space scale was derived from an equally weighted combination of survey 
responses of occupants around satisfaction and use of spaces. 
 
The Use of outdoor living area scale was derived from a combining the number of activities undertaken in the outdoor 
space and the frequency of use. 
 

 
    Source: (Author 2006) 

Figure 4: Use of outdoor living space, satisfaction and inside/outside connection (N=20) 
 
As one might expect, Figure 4 shows a clear correlation between the general satisfaction and the use of the outdoor 
living space. The inconclusive outcome of the second graph (the relationship between use and connection), however, 
indicates that of the occupants studied, the outdoor living area will be used or not used regardless of its connection to 
the indoor living area.   
 
4.2.2. Heating and Cooling 
People want to be comfortable in and around their own homes. However, it quickly became quite clear through the 
interview process that people’s concept of comfort displayed great variation. Thermostatically controlled air 
conditioners were set at temperatures that varied greatly and when asked about an external temperature that 
warranted the use of air conditioning, the range was between 28OC - 39OC. Figure 5 shows the first and second 
courses of action when occupants feel hot or cold. It is interesting to note that there are many other significant 
courses of action taken, other than the assumed use of mechanical air conditioners.  
 

 
Source: (Author 2006) 

Figure 5: Actions when cold and when hot 
 
 

 
Source: (Author 2006) 

Figure 6: Winter sun gain and heater use, cross ventilation and cooler use (N=20) 
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Another point of interest in relation to heating and cooling usage is that 90% of the primary cooler use is as a result of 
the occupants feeling hot, whereas only 50% of the primary heater use is as a result of the occupants feeling cold. 
Forty per cent of occupants turn the main heater on, or set it to come on automatically, when they get up or arrive 
home. There was no correlation observed between average heater use (hours used) and the perceived heat gain 
through the living room windows in winter. Likewise little could be drawn from the relationship between the perceived 
effectiveness of the cross ventilation of the house and the average cooler use. (See Fig. 6) 
 
4.2.3. Heater and cooler use and the outdoor space 
When comparing the average heater and cooler usage (generated from adding together the average times used per 
day data) with the average outdoor living area usage (generated from combining the amount of activities and general 
use frequency data), again there is no significant correlation. However, the trend would suggest that this might be an 
area worth investigating further in a more detailed study. (See Fig. 7) One may have expected the more the outdoor 
living area was used, the less active heating and cooling was required.  
 
 

 
              Source: (Author 2006) 

Figure 7: Use of outdoor living area and heater and cooler use (N=20) 
 
 
4.2.4. Energy use and the outdoor space 
 

 
Source: (Author 2006) 

Figure 8: Energy use, use of outdoor living area and inside/outside connection (N=18) 
 
Figure 8 shows a strong correlation between average energy use and the use of the outdoor space. There is less of a 
relationship between energy use and the overall inside/outside connection, which is hardly surprising when 
remembering the weak connection between outdoor space usage and inside/outside connection. 
 
4.2.5. Occupant attitude and energy use 
During each interview process, the attitudes towards energy usage became quite obvious due to the responses 
gained, and general conversation and observations. Some occupants were acutely aware of their energy use 
behaviours and obviously tried hard to minimise all energy usage, whether economically or environmentally 
motivated. One household made the decision not to fit an active cooling unit in their new built house, for fear of their 
perception that it would be over used just because it was available. Others clearly showed little regard for their 
energy use, most justifying usage with statements like “well, the kids need to be warm”, “it is nice to be cool, isn’t it?” 
and “well, what can you do? …you have to live!” 
 
In order to assess observations regarding the level of occupant’s energy consumption consciousness, a scale was 
produced based on the use of active heating and cooling, conversations and general observations. Figure 9 shows a 
small but significant correlation between occupant’s attitude and the average energy use. The energy consumption 
seems to decrease due mainly to occupant attitude and effort. This correlation could be considered important as it 
appears irrespective of the house design. 
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Source: (Author 2006) 

Figure 9: Energy use and energy conscious occupants (N=18) 
 
4.3. Design 
4.3.1. Orientation 
Figure 10 shows that of the houses surveyed the majority of main windows in living areas face north or northeast. 
Secondly, it clearly shows that when houses have windows oriented towards north, the perceived satisfaction of light 
and heat gain is much greater. Bearing in mind that some of these houses had significant shading devices and 
relatively small windows, this is a significant finding. 
 

 
Source: (Author 2006) 

Figure 10: Orientation of living area windows and the perception of heat and light 
 
This perceived satisfaction with North facing indoor living spaces seems to flow over in the outdoor spaces. When 
questioned about use of outside areas, other than the main designated outdoor living area, 50% of respondents cited 
gravitating towards a space that offered access to the winter sun. Most of these spaces had an area to sit; sometimes 
a chair and small table had been added, and in 3 cases were used far more than the main designated outdoor area. 
In the cases where the designated main outdoor living area was the only outdoor area used, the positioning of the 
seating and table often demonstrated attempts to maximise solar access during winter and minimise heat gain during 
summer. 
 
4.3.2. Shading 
Many varieties of shading were evident in the outdoor spaces. The responses were generally as one would expect 
but still worth spelling out. Where there was an opaque roof added to the outdoor area, most of the occupants cited 
not enough light reached the inside spaces. Where there was a translucent roofing material added to the outdoor 
area, most occupants cited satisfaction during the winter but too much heat gain in the summer. Where there was 
any sort of rain protection over the outdoor area, and the area was directly connected to a main door of the house, 
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the area often became a storage place for bikes, gardening tools and other outdoor equipment, hence depreciating 
the aesthetic of the area. 
 
5. CONCLUSIONS 
 
5.1. Architectural form and behaviour 
In their article on this subject Hillier and Hanson ponder the rarely researched effect architectural decisions have on 
human behaviour. (Hillier, Hanson 1987:197) In relation to what an architect can do, Hillier and Hanson suggest that 
architecture is different to other design professions as its focus is not only on objects and tangible end points. 

But over and above this, they organise space for social purposes, and the consequence is that in the case for 
architecture – and so far as we can see only in the case of architecture – social and cultural information resides in 
the physical form and structure of the artefact. Through spatial organization, buildings constitute as well as 
represent aspects of social reality. The very purpose of architecture is to organise space for human purposes. 
Space is the end to which construction is the means, and style the outward expression. (Hillier, Hanson 1987) 

 
In another publication Hillier et al suggest that architects create “the field of potential encounter”, a stage within which 
the players might operate. (Hillier, Burdett, Peponis, Penn in Noschis 1987:248) These concepts are absolutely 
relevant to the question of how the relationship between inside and outside space affects the behaviour of the 
occupant. 
 
Australian culture clearly still calls for this inside/outside iconic design element within our houses. However, as a 
result of changing house and suburban design towards that of the McMansion, and the advent of a perceived 
‘affordable’ and standardised air-conditioned comfort, could the culture of the original Australian outdoor living be fast 
changing? 
 
A summary of the outdoor space usage in the study reveals more outdoor entertaining and socialising rather than 
day-to-day use. Respondents would only venture outside if the conditions were right (not too hot, cold, windy) and 
that going outside is usually a conscious decision to do something different. Are the two environments, the inside and 
outside, becoming more distinct entities? 
 
Most of the occupants interviewed will make a decision to go outside based on the experience of being outside; is 
value being added? If not, why go outside when ‘comfort’ can be easily attained inside. Mix this reasoning with the 
fact that 75% of studied outdoor living spaces materialised out of the space that was left over after the house was 
originally sited, and therefore are often poorly oriented and ugly spaces, and we may begin to recognise an emerging 
‘inside’ culture. This development supports the notion that human-building-environment relationships are integrally 
related to comfort technologies. (Chappells and Shove 2003) The verandas that were added to the original Australian 
cottages were a need. Now outdoor spaces seem to be more a want, or seen as a socially acceptable ‘addition’ to 
the family home. 
 
5.2. The architectural fit 
An extremely important and complex issue is how the occupant as an individual relates to their environment. The 
unique aspect of this particular ‘people-environment’ relationship is the fact that the people have quite an impact on 
the shaping of the environment. 
 
Interestingly, the households I interviewed that have been through a process of extending or reshaping their 
environments, with the help of an architect, showed great satisfaction with most areas of the questionnaire and had 
very little to say in relation to controlling their environment. There simply wasn’t a need to control or attempt to 
change the environment because the space was designed to accommodate the way they behaved and used the 
space as individuals. Although this observation is largely an aside, with little to do with energy consumption issues or 
the inside outside connection of the house, it is encouraging to witness occupant satisfaction with their purpose-
designed spaces. The space was shaped to fit them, as they were a part of the process of shaping the space. 
 
Further to this point, it is exciting to consider what would be possible if the design was also driven by the architect’s 
and client’s common desire for a low energy residence. 
 
5.3. Design and Sustainability 
Designing contextually appropriate, environmentally considered and sustainable living spaces in the suburbs is quite 
a challenge, and is well expressed by Chris Bligh, of Bligh Graham Architects in an article on Outdoor Living, as he 
poses a question in relation to one of his projects,  

How could we make the house contextual, as well as deal with it being on a smaller block with close neighbours, in 
this recent bushland subdivision? (HOUSES Issue 45 2005:22) 

Interestingly, yet not surprisingly, Bligh Graham’s solution to this question found it’s way into one of the Architectural 
magazines as a wonderful example of ‘café door’ architecture. Its indoor and outdoor spaces merge as freely as the 
air passes through. (See Fig. 11) 
 
A strong realisation gained through this study is that when individual people, individual design, and individual sites 
are factored into the equation, then there is no way a standardised approach to sustainable building will achieve 
anything close to the desired outcomes. “There is no class or style of design which is unequivocally sustainable 
architecture, and no fixed set of rules which will guarantee success if followed.” (Williamson, Radford, Bennetts 
2003:127) 
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                                                                               Source: (Henderson, Peebles 2005) 
Figure 11: Images of house by Bligh Graham Architects 

 
Put simply, people’s perceptions, preferences and behaviours are affected by their physical surroundings. The 
connection between the inside and outside living spaces in the houses studied, did affect, to varying degrees, the 
way the occupants used the spaces and perceived the environment. The important relationship found between 
energy use and the use of an outdoor living area (see Fig. 8), has significant implications for current energy rating 
schemes that do not acknowledge that modes and behaviours of living are influenced by design.  
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ABSTRACT: The complexity of designing healthcare facilities functionally and psychologically is 
apparent. Apart from building services, various requirements of the Ministry of Health (MoH) are 
expected to be followed by healthcare designers. 
 
This paper outlines the role and importance of physical built environment in the design of hospitals as a 
means to create a healing environment. Lighting (day and artificial lighting) will be one of the focus 
areas to be examined in the study of healing architecture. At the outset, the existing conditions in 100 
to 150 bedded hospital buildings in Malaysia will be reviewed and further investigation will be carried 
out with particular attention to the design and implementation of lighting and its relationship to other 
environmental factors. The paper concludes with the discussion on the influence of lighting in hospital 
design as one of the physical aspects in creating a healing environment. 
 
Conference theme: Daylighting and lighting 
Keywords: Environment, Healing Architecture, Healthcare Facilities, Hospital Lighting. 
 
 

INTRODUCTION 
In hospital buildings where most patients seek medical treatment and staff provides continuous support, creating a 
healing environment is primarily important and relevant. Healing suggests redressing ills and establishing a process 
that leads towards health. The term ‘Healing Architecture’ which has been coined recently, is used to invoke a sense 
of a continuous process; in creating an environment physically healthy and psychologically appropriate. However, 
designing healthcare facilities is a very complex task: both functional and psychological. It is expected to conform to 
various requirements provided by the Ministry of Health (MoH). These include medical specialist requirements and 
equipment both for diagnostics and for treatment. Building services are also an integral part of this complexity. In the 
effort to comply with explicitly stated requirements, it seems that most designers pay less attention to the ultimate aim 
of creating a healing environment. 
 
It has been known for a long time that the natural environment is closely related with health and its ambient 
environmental conditions affect human health. However, there is very little evidence to suggest that the physical 
aspects of built environment can affect human health. The relationship between natural environment and health is 
clearly explained in the Hippocratic treatise (i.e. Airs, Times, Waters and Places, one of the early classics of medical 
geography). The treatise basically emphasizes that climatic and geographical factors have strong influence on human 
health. It outlines what are the common diseases that occur in particular locations, seasons, winds and airs 
(Deuraseh 2003). Most physicians accept that illness emerges due to the action of the three factors: disposition (e.g. 
genetic), stress (e.g. exhaustion) and agent (e.g. pathogen). Whether or not we trace the causes of the illness 
materially, psychologically or spiritually, environment has a significant role in all parts of the process (Day 2002).  
 
The World Health Organisation (WHO) defines health as a ‘state of complete physical mental and social well being 
and not merely the absence of disease or infirmity’ which means that the environment is free from major health 
hazards, satisfies the basic needs of healthy living and facilitates equitable social interaction (WHO 1997). Most 
people spend more than 90% of their lives within buildings (Evans & McCoy 1998). Thus, in the case of hospital 
buildings, architecture in its physical aspects should create a healing environment for patients, visitors and staff 
psychologically, mentally and physically. 
 
These physical aspects of healing environment serve for all users of the healthcare facility: staff, clinicians, 
administrators, patients and families. Existing studies have shown that in a newer hospital environment better health 
outcomes can be achieved when the physical aspects such as access to outside view, patients’ privacy, lighting and 
other factors are appropriate. Nevertheless, negative experiences of the existing hospital environment were recorded 
from the visitors by the Commission for Architecture and the Built Environment (CABE) in the United Kingdom and 
from patients’ memories by Simini. Criticism included terms such as depressing, confusing, dull, shabby, windowless, 
stressful, little natural light, noisy, sleep deprivation, isolation, physical restraint, anxiety and want of information 
(Simini 1999; CABE 2004b). To a certain extent, in 1995, Chapman, president and CEO of United Health Corporation 
in Columbus had made an analogy that “Hospital as prison”. He described that both prisoners and patients are 
typically housed in buildings with “cold, hard floors and surroundings, lacking in colour, warmth, and variety” (Weber 
1995). 
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This paper outlines the role and importance of physical built environment in the design of hospitals as a means to 
create a healing environment. Lighting (day and artificial lighting) will be one of the focus areas to be examined in the 
study of healing architecture and forms part of the broader study of physical aspects. At the outset, the existing 
conditions in 100 to 150 bedded hospital buildings in Malaysia will be reviewed and further investigation will be 
carried out with particular attention to the design and implementation of lighting and its relationship to other 
environmental factors. The paper concludes with the discussion of the influence of lighting in hospital design as one 
of the physical aspects in creating a healing environment. 
 
1.0 OBJECTIVES 
The aim of this research paper is to obtain an in-depth understanding of the physical aspects in hospital design and 
how these physical aspects play important roles in creating a healing environment. Other objectives of the present 
paper are: 
 

• to acknowledge the critical experiences of patients, staff and visitors in hospital buildings, 
• to outline the physical aspects in healing environment, 
• to investigate the previous and current research available on the subject of health and environment, design 

for healing and the effect of daylighting on human beings, 
• to examine the elements of physical aspects of existing project brief of public hospitals in Malaysia, 
• to draw a preliminary conclusions on the subject of daylighting in healing environments. 

 
2.0 METHODOLOGY 
This paper is perceived as an extraction of the existing body of the knowledge of healing environment and on-going 
research. It is at an early part of research and therefore the methodology employed to present the outcome is based 
upon literature review and desktop analysis. 
 
2.1 Literature review 
Aspects of healing environment in hospital design: the physical aspects, daylighting and the effect of daylight on 
human beings are critically reviewed. This is to establish understanding of the subject of healing architecture and 
provide substantial evidence for the later discussion. Negative experiences relating to the physical aspects of hospital 
building from patients, staff and visitors are explicitly noted. An examination of the project briefs (i.e. medical, 
architectural and mechanical and electrical briefs) of public hospitals in Malaysia is to critically analyse the provisions 
of physical factors in hospital design. 
 
2.2 Desktop analysis 
The information gathered from the literature review is thoroughly analysed. This is to form a clear understanding of 
the subject which leads to the formation of explicit answers to research questions. The desktop analysis is to provide 
clear directions and arguments which lead to the potential outcome of the research. 
 
3.0 PRELIMANARY FINDINGS 
 
3.1 The physical aspects in healing environment of hospital design 
 

Ermengarde de la Houssaye describes three activities that play a most important role in the relationship between 
the patient and a caring nurse: “First,” she writes, “to provide the correct environment for the patient; second, to 
mediate between patient and those aspects of life that are less accessible to the patient during her illness, such as 
family relationships, daily cultural life, and being in nature; and third, to accompany the patient on her path through 
the experience of illness. 
 (Coates & Siepl-coates 1998) 

 
Some scientific literature confirms that the conventional ways that the hospitals are designed contribute to stress and 
danger to patients and staff, such as long circulation for medical staff, noise exceedingly high due to the density of 
patients and conversations among staff and visitors which could be disruptive to patients sleep and glare due to poor 
lighting (Malkin 1991). In the creation of a healing environment, among physical factors that have to be considered 
are noise control, air quality, thermal comfort, lighting, communication, colour, texture, privacy and view to nature 
(Malkin 1991). These factors have a more pronounced influence in hospitals than in other buildings, as the patients 
are bedridden or have limited freedom of reaction. 
 
Research evidence suggests that newer hospital environments produce improved patients’ outcomes. The Length of 
Stay (LoS) of patients has been reduced by improving the physical aspects in a renovated hospital environment 
(Lawson 2002). The Commission for Architecture and the Built Environment (CABE) produced similar findings during 
the campaign for healthy hospitals in the United Kingdom in November 2003. They believe that well-designed 
healthcare buildings can lead to better health outcomes (CABE 2004b). They produced a report entitled ‘The role of 
hospital design in the recruitment, retention and performance of NHS nurses in England’, which provides clear 
evidence that well-designed hospitals (i.e. improved physical environment) have a significant influence on the nurses’ 
performance in their work and have positive impact on their recruitment and retention. Comments received from the 
visitors provide a clear outcome on aspects of physical environment to be considered for future hospitals: space was 
mentioned by 32%, light by 22%, fresh air by 16%, cleanliness by 16%, a warm and friendly atmosphere by 12%, 
colour by 11%, garden by 10%, privacy by 9%, technology by 5% and noise level by 5% of those interviewed (CABE 
2004a). 
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3.2 A study of daylight in hospital design 
Creating an appropriate environment in the design of hospitals is different from building up e.g. a garage workshop, 
where cars are sent for repairs before continuing their journey (Hosking & Haggard 1999). A hospital environment 
however, where “repair” of the body (healing) is the concern, requires the optimum level of comfort and care 
physically, socially and symbolically. For this, the luminous environment plays an important role and an integral part 
of the hospital’s healing environment. 
 
Daylight is a crucial source of energy in our life. It has significant effects on human beings both physiological and 
psychological. The effect of light on our circadian rhythm (i.e. biological systems that repeat 24 hours) has been 
recognised for many years. Campbell et. al., (1988) as quoted by La Grace suggests that light is the most important 
environmental input in controlling bodily function after food (La Grace 2004). Several researchers agree that lighting 
has a profound effect on human’s hormonal and metabolic balance (Fellman 1985, Wurtman et. al. 1985, Klein 1986, 
Reiter 1986, Reiter and Karasak 1986, Brainard 1994, as quoted by La Grace, 2004). 
 
Most researchers believe that daylight has a significant effect on work productivity in an office environment. A study 
of worker productivity level found that daylight may positively affect the work performance in an interior of windowed 
office environment during winter months (Figueiro et al. 2003). However, the quantitative relationship of daylight and 
productivity has not been established. Another study indicates scientifically that lighting systems (i.e. a combination of 
daylight and artificial light) appear to be important for both visual performance and biological stimulation i.e. circadian 
rhythm (Begemann et al. 1997). It also concludes that human alertness, work performance, sleep quality and degree 
of comfort and well being are adversely affected by inadequate light. 
 
In a selected class of school environment, an interesting finding was made that a significant proportion of children 
choose to sit near the windows. The qualitative and quantitative analyses indicate that the reasons for choosing seats 
or working near windows are the view out, view content, nature, space and comfort both visual and thermal. The main 
factor is however, the amount of daylight (Stewart 1981). Another study by Kuller and Lindsten shows that in a 
classroom the absence of daylight may influence children’s performance and eventually have an impact on annual 
body growth and sick leave (Kuller & Lindsten 1992). These findings and others provide a significant insight on how 
daylight influences human behaviour, health and performance. These may help to improve daylight design, building 
fenestration and layout in a school environment. 
 
Most areas in hospitals require natural daylight. Moreover, daylight is generally recognised as part of the healthy 
environment. In hospital design, daylight is utilised in many ways, such as the use of large windows and skylights, 
clerestory windows and large atria. Much literature describes how daylight has an effect on the well-being of human 
beings physically and psychologically. In addition, access to natural light and fresh air are crucial factors affecting 
patients and their recovery (CABE 2004b). 
 
Healing by design (Horsburgh 1995) realised that the visual connection to nature is an important attribute of the 
healing environment. Interestingly, the window as physical connection to nature has a significant role to play. Many 
researchers quote the scientific study by Ulrich which has recorded the potential for nature to heal cholecystectomy 
(gall bladder surgery) patients in a suburban US hospital by providing a view through a window (Ulrich, RS 1984). 
The study carried out by Ulrich has spurred similar further tests, reviews, research and qualitative findings by other 
disciplines involved with healing environments. Studies carried out by Lawson (2002), Jones (2002a and b) and 
(CABE 2004), arrived at similar findings that appropriate physical environment in the design of hospitals can provide 
health outcomes to patients, staff and visitors physically, mentally and psychologically. 
 
Most physicians accept the fact that appropriate balance of daylight and artificial light may positively affect some 
illnesses in a ward environment. On this concern, there are growing numbers of studies on the effect of light for 
Alzheimer’s patients (Campbell et al. 1988; Noell-Waggoner 2002; La Grace 2004). These scientific observations and 
quantitative analyses agree that lighting strategies (i.e. daylight and artificial light) have a positive impact on 
managing behavioural disturbances of the Alzheimer’s type. Waggoner in his review entitled Light: An Essential 
Intervention for Alzheimer’s Disease, highlights issues to consider when determining the quality of lighting such as 
glare, flickering-free lighting, uniformity in ambient lighting, orientation of the light to the visual task, colour rendition 
and temperature, and balance between electric and daylight (Noell-Waggoner 2002). These are important factors to 
consider in creating a healing environment. 
 
Conversely, psychiatrists generally agree that the absence of daylight (or shorter hours of exposure to daylight) may 
cause several health disorders (Morriss 2001; Evans 2003; Bower 2005). These are sadness, fatigue, mood 
disorders and seasonal affective disorder (SAD). Morriss clearly outlines that SAD: a psychiatric disorder with a 
clearly identifiable cause, the change of seasons and lack of exposure to daylight (Morriss 2001). The evidence of 
SAD is presented in great detail from clinical, methodological and basic science perspectives by Partonen et al. in 
their book entitled Seasonal Affective Disorder: Practice and Research. In addition, Wirz-Justice et al. (1966) as 
quoted by McColl discovered that the level and amount of illumination produces clinical improvement to SAD patients 
(McColl & Veitch 2001); either by one hour of daylight or half an hour of white light of 2800 lx. 
 
Leslie outlines in general, the basic principles of daylighting design in order to achieve comfortable ambient lighting 
(Leslie 2003). In hospital design in the United States, Ulrich has made the recommendation through his study (The 
Role of Physical Environment in the Hospital of 21st Century: A Once-in-a-lifetime Opportunity) that a hospital design 
with single bedded wards should be implemented for all types of illnesses (Ulrich, R et al. 2004). The study claims 
that this would reduce rooms transfer and associated medical errors, greatly lessen noise, improve patient 
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confidentiality and privacy as well as increase patients’ overall satisfaction with health care. However, this 
recommendation seems almost impossible to be implemented physically in some other parts of the world including 
Malaysia. Thus, the research should respond positively, on how comfort and care can still be achieved in hospital 
design with 4 to 6 bed wards in the context of Malaysian public hospitals. 
 
Based on the above review, daylight plays a significant role as one of the physical aspects in creating a healing 
environment. It has a profound effect physiologically, mentally and psychologically on the human being. On the other 
hand, experimental studies on the role of daylighting design in the healing environment are few and far between. 
Many studies on the subject of daylight focus on schools, offices and commercial buildings but few on hospitals. 
 
3.3 The physical development of public hospitals in Malaysia 
Malaysia gained independence in 1957. Since then, the health vision of the country is not static. It has dynamically 
progressed and sets in place a framework to ensure that the health system could develop and adapt to the changing 
environment and needs. All strategies and developments for improvement are aimed to meet the Malaysian health 
vision formulated by the Ministry of Health (MoH) which is: 
 

Malaysia is to be a nation of healthy individuals, families, and communities, through a health system that is 
equitable, affordable, efficient, technologically appropriate, environmentally adaptable and consumer friendly, with 
emphasis on quality, innovation, health promotion and respect for human dignity, and which promotes individual 
responsibility and community participation towards an enhanced quality of life. 
 Ministry of Health, Malaysia 

 
The health vision is being implemented through health development planning which is aimed to improve the mix and 
quality of services, and to increase efficiency and effectiveness. A bottom-up planning approach has been adopted 
which is set in the context of the National Economic Development Plan (i.e. the Five-Year Malaysia Plan). This is to 
ensure that the plans for health development cope up with the needs of the community (Suleiman & Jegathesan 
c2000).  
 
The nation’s health status is believed to be strongly dependent on the physical development of public hospitals in 
Malaysia. This is demonstrated in the Malaysian healthcare referral system which encompasses primary, secondary 
and tertiary level of care (see Figure 1). These are then being refined to promotive, preventative, curative and 
rehabilitative care. The referral system is a concept defined by WHO as a channel of filtering and referring patients to 
appropriate care. Patients approach the frist level of the system and then they may be referred upwards to levels of 
increasing complexity and specialisation. This would suggest much higher complexity of hospital design. 
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Figure 1: Malaysian National Healthcare Referral System 
 
3.3.1. Pre-independence 
During British occupation since 1874, the development of hospitals in Malaysia (formerly known as Federated Malay 
Sates) was driven by the tin industries. It was provided for Chinese tin miners, the armies, the government servants 
and the labourers in the estates. There were 10 major general hospitals and 56 district hospitals in Malaysia by the 
time of independence in 1957 (Suleiman & Jegathesan c2000). Some of these hospitals are found to be still in use till 
present. Their built forms were either single stories with pavilion type arrangement in rural areas or medium rise in 
urban areas. Most spaces of these hospitals utilised natural ventilation and daylight as they command either a fine 
view of seaside or a good location on the hillsides. Figure 2 Tanglin Hospital, Kuala Lumpur shows a typical single 
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storey colonial hospital. Timber, steel, concrete with clay roof tiles are the choice of local materials used for the 
building. The British successfully employed climatic considerations in the design. Such considerations included 
openable wall cum door panels, louvred doors and windows, low eaves, washable floors of durable material, hot air 
ventilated pitched roofing system with wide overhang, high ceiling, perimeter drainage system, open and airy 
connecting corridors and appropriate use of local materials to assimilate with nature. Manually operated bamboo 
blinds were added to openings for prevention of rain and became a common element for the whole building. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Typical colonial single storey Hospital (Tanglin Hospital, Kuala Lumpur) 
 
3.3.2. Post-independence 
The Affordable Health Services for All policy was established by the Ministry of Health (MoH) in the early days of 
independence and it was adopted by the newly formed government. This had brought about the expansion of Rural 
Health Services which required provisions of new hospital buildings in all states in the 1960’s. The replacement of old 
hospitals with the new designs was based on standard drawings of one to two stories buildings with pavilion type 
planning layout. Each block of the pavilion building with pitch roof and flat ceilings represents different disciplines and 
departments. Natural ventilation using adjustable louvred glass windows with some mechanical fans was used as a 
significant element of the physical aspects in the design of each pavilion building (exception to operating departments 
and clinical areas). Curtains for shades were provided for patients’ control over the environment. Shaded and open 
corridors through landscaped gardens were used as a connection from one building to another. This early pavilion 
type layout was implemented in two districts hospitals: Jertih and Kuala Berang. Since then the standard template is 
referred as ‘Jertih and Kualu Berang Type Plans’ and being replicated to suit other district hospitals of 50 to 150 
beds. 
 
In the early 1980’s, the health development plans had adopted and incorporated the objectives of WHO’s Health for 
All strategy, which were congruent with the goals of national policies. This had resulted in an equitable distribution of 
resources and greater accessibility to healthcare services for rural communities. Accordingly, the existing healthcare 
facilities were renovated and refurbished. Until late 1980’s, a turnkey system of procurement for hospital buildings 
was adopted by the federal government through a pact with the British government. UK nucleus hospitals design 
concept was introduced as a template for 12 district hospitals in all states in Malaysia. The UK temperate hospital 
design was modified to suit the local tropical climate. Perimeter corridors, roof overhangs, covered and shaded 
skylights with added mechanical ventilation systems (fans and exhaust fans) in the wards’ interior, were additional 
elements to the design. Two types of hospital design were built: a single storey for 90 to 108 beds and two stories for 
300 beds. Both types adopted a pavilion type layout planning. However, the design intention was questionable with 
the justification that the original design was intended to be energy efficient in temperate climates instead of natural 
ventilation and daylight considerations in the tropics. 
 
On the other hand, the engagement to design general hospitals in late 1970s in some states was given to the Public 
Works Department (PWD) locally known as Jabatan Kerja Raya (JKR). Six general hospitals were constructed in 
various states with Seremban Hospital as a prototype to replace the old and dilapidated hospitals. Podium and tower 
configuration as built form was adopted in consideration of the land constraints in urban areas. The design allows the 
wards to be in the medium rise tower of 10 to 11 stories height to take advantage of natural ventilation and orientation 
for daylight and view (Mohd Nawawi & Aripin 2005). 
 
Another development for large district general hospitals in the early 1990s is referred as ‘one-off’ design. This design 
development is favoured for the replacement of state general hospitals, establishment of referral medical specialist 
centres or hospitals for teaching institutions and also serves as the second general hospitals. With the capacity of 
300 to 500 beds, the ‘one-off’ design hospitals have different outlooks of either corporate, resort or vernacular image. 
Perhaps, the main factor is the calls to be ecologically sustainable and environmentally friendly driving the ‘one-off’ 
design concept to be implemented at that time. As a result, the current development of public healthcare facilities in 
Malaysia since the year 2000 witnesses a variety of design aesthetics and considerations. This applies also to the 
primary level of healthcare centres (Mohd Nawawi & Aripin 2005). 
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Conversely, the sophisticated structures of new hospital designs in Malaysia with different outlooks and mechanical 
aids do not mean that the ultimate aim of creating healing environment for staff, patients and visitors has been 
achieved physically, mentally and psychologically. These may lead to energy waste, confusion and other negative 
aspects in the functioning of the hospital. To establish this concern, it is relevant to investigate the provisions of the 
physical aspects of hospital design in Malaysia which is part of the objectives of the paper. Revisit the project brief of 
completed buildings is an initial step of the investigation in the subject of healing environment of hospital design. 
 
3.3.3. The emphasis of physical aspects in the project briefs of public hospitals 
The design process of a hospital project from inception to completion is generally similar to other type of building 
projects. However, the complexity of designing a hospital building is to conform to various project brief requirements. 
In the 1970s, there was no proper documentation of project briefs for hospitals development in Malaysia. 
 
The statement of needs for hospital projects was discussed at meetings of Hospital Division of Department of Health, 
MoH. The health situational analysis prepared by the state hospitals and state directors was thoroughly discussed in 
the meeting. Standard requirements in terms of service level provided at different level of hospitals were mainly 
decided by the Hospital Division of MoH. At present, the statement of needs remains relevant and is evolved from a 
similar approach. It illustrates the background, situation analysis, population, the health facilities and status, scope of 
the project, location plan and numbers of beds distribution according to the departments. 
 
On the other hand, the specific medical requirements were previously drawn from the recommendations of respective 
medical specialists. For example, Obstetric and gynaecological (O&G) requirements are derived from the association 
of O&G specialists and similarly for other medical specialities. This is referred as ‘Operational Policies’ which 
describes the complete procedure of the service undertaken at Primary up to Secondary and Tertiary levels of care 
until the patients are discharged. Numerous guidelines which are provided by various divisions of hospital (i.e. 
pharmacy and pathology divisions) are added to the operational policies to form the medical brief. Currently, based 
on a similar approach, the medical brief is compiled on to cover the role of the proposed hospital, medical needs and 
facilities of every department, distribution of beds of patients wards accordingly, public amenities and facilities, 
support services and administrative requirements. 
 
In the 1980s, when the turnkey procurement system was first adopted for the Teluk Intan Hospital project (in Perak) 
with 300 beds, the statement of needs and medical briefs were prepared by MoH and was referred as a ’functional 
brief’. The architecture and engineering brief are provided by Public Works Department (PWD) complementing the 
above briefs. In later years of hospital development projects, the government had given autonomy to each ministry to 
appoint a Project Management Consultant (PMC) for the coordination of government projects. As a result, several 
turnkey contractors employ their own healthcare consultants to bid for hospital projects. To a certain extent and 
theoretically, this would encourage a variety of hospital designs but would not suffice to ensure the quality of the 
hospital projects. 
 
Two completed district hospital projects with 108 beds are reviewed: Pekan Hospital (in Pahang) and Jempol 
Hospital, (in Negeri Sembilan). The projects are currently at the stage of testing and commissioning for the purpose of 
handing over to the MoH. Turnkey procurement system has been adopted for both hospital projects. Statements of 
needs, medical, architectural and engineering briefs are the documents made available for the review. Both locations 
are in suburbs with open green sites and the outcome of the designs is ‘one off’ type, with different concepts and 
approaches. 
 
Based on the cross examination on the project briefs, it can be deduced that the requirements on physical 
environmental aspects are obviously minimal with lack of emphasis on luminous environment of the wards. Any 
explicit statement for building orientation to daylight, window sizes and view is absent. It is merely a derivation of 
hospital standard requirements from other international standards such as British Standard (BS) and The Illuminating 
Engineering Society (IES) code of practice. It is also noticed that the outdated measures are still in use (such as 0F 
instead of 0C). The project brief of hospital design lacks any description on how daylighting design should be 
considered and integrated. It is assumed that for the healthcare designers or consultants to conform to daylighting 
requirements of hospital design is by means of complying with the uniform building by laws (UBBL) and the standard 
of IES code of practice. This would be insufficient as for example glare could possibly occur in the wards 
environment. In addition, one would expect provisions in the project briefs for the overall hospital environment and 
other critical spaces (wards and treatment areas) to be experimented with and tested by means of 3D visualisation. 
This would probably allow some rectification and modification at design stage to balance the internal and external 
environment which is a crucial factor in a healing environment. Another important aspect which is clearly missed in 
the project brief is patients’ statement of need. This could be derived from post occupancy evaluation (POE) of the 
previous public hospital projects which would be the best way to ensure continuous improvement. The assumption 
made by the healthcare provider that the consultants would be sensitive to the patients needs is not necessary 
correct. There are evidences in the existing design of public hospital in Malaysia to possibly suggest that daylight has 
been compromised by the other requirements such as circulation and services. 
 
4.0 DISCUSSION 
A review on the study of daylight in hospital design as discussed in 3.2, provides unequivocal evidence to suggest 
that the physical aspects play an important role in the subject of healing environment in hospital design. Poor 
considerations may have an effect indirectly on the health outcomes of patients. On the contrary, creating a healing 
environment would contribute to eliminate the stress factor for patients and subsequently reduce the length of stay 
(LoS). This would also reduce the cost of treatment on patients. Therefore, the study of daylight in hospital buildings 
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is pertinent and significant to enhance the body of knowledge in the field of architectural building science. On the 
other hand, the subject of healing environment requires a multidisciplinary approach and in-depth understanding of 
various disciplines. Architecturally, critical analyses on the conflicting issues: physical to physical (e.g. daylight versus 
solar heat gain) and physical to psychological (daylight vs. undesirable glare) aspects are important and within the 
scope of the study. Achieving the balance and compromise on these aspects would satisfy the appropriate ambient 
environment of healing. 
 
The insight into hospital procurement systems and the evolution of hospital project briefs in Malaysia are also seen as 
a primary factor to achieve appropriate physical aspects of healing environment. It largely depends on how critical 
and to what extent the project briefs are being reviewed by the healthcare providers for healthcare designers as this 
would be the first crucial step of creating healing environment. A preliminary finding suggests that the healthcare 
designers ought to consider issues beyond the project brief and requirements provided by healthcare provider. 
Engagement with specialists such as lighting consultants for hospital buildings could further enhance the design 
outcome. 
 
In conclusion, with reference to public hospitals in Malaysia, a coordinated effort is required to achieve the ultimate 
aim of creating a healing environment in hospital design. This would suggest more stringent requirements in the 
project brief by the Ministry of Health (MoH), highlighting the negative experiences raised by patients, staff and 
visitors to healthcare designers for design considerations and inclusion, encourage research of hospital design with 
particular attention to healing environment and initiative made by healthcare designers to explore the project briefs 
beyond what is required. On these grounds, the study embarked upon the physical aspects of healing environment in 
hospital design could significantly reinforce the project briefs provided by MoH. It is also hoped that the outcome of 
the study would achieve an environment responding for the patients’ needs. 
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ABSTRACT: Globally we are grappling with the concept of sustainability. What does it mean and how 
should we respond to ensure that the planet and its ecosystems survive? While the problem of living in 
a sustainable way must be addressed by all sectors of society, architects are arguably in the ‘front line’ 
because of the impact of buildings in terms of resource use and waste generation. Most definitions of 
sustainability are unhelpful because of their wordiness, lack of detail or ambiguity. Others distort the 
concept of sustainability to allow business-as-usual (i.e. unsustainable) activity to continue. Using one 
particular model of sustainability, this paper explores the apparent contradictions between architectural 
practice in the residential sector, ‘sustainable’ housing and the desire to behave ethically. The paper 
begins with definitions of sustainability and ethics, together with some guiding principles. The literature 
examining the ethics of sustainable architecture is then reviewed. Two indicators are suggested to 
make a broad-brush assessment of sustainability. Current practice in Australian residential architectural 
design, both mainstream and ‘green’, is then critiqued against these indicators. Finally, some practical 
options for a practising architect faced with a client, who wants an ‘unsustainable’ house, are briefly 
explored. 
 
Conference theme: The indicators of sustainable building 
Keywords: sustainability, ethics, architecture 
 
 

INTRODUCTION 
Globally we are grappling with the concept of sustainability. What does it mean and how should we respond to 
ensure that the planet and its ecosystems survive in their present form? It has become apparent that the lifestyle of 
most of the populations in industrialised countries is unsustainable. Our ecological footprint (EF) is defined as “the 
area of land required to produce the natural resources a population consumes and to assimilate the waste that 
population produces” (Simpson et al., 2000). In Australia, the EF is 8.1 global hectares (ha) per capita (ABS, 2001). 
Wackernagel and Rees (1996), however, calculated that there was the equivalent of approximately 1.5 ha per capita 
available for humans to use assuming a population level of 5.8 billion. Footprint analyses indicate that for everyone to 
live at the level of affluence enjoyed by the OECD countries would require more than four planets. This figure 
contrasts sharply with the footprint of those living in the non-OECD countries, where levels are still approximately 
within the limits that could be supported by the resources available (Figure 1). 
 
Clearly those living in the industrialised countries must radically reduce the impact of their lifestyle. While the problem 
of living in a truly sustainable way must be addressed by all sectors of society, architects are arguably at the ‘front 
line’ in terms of the impact of their decisions. Buildings last for 50-100 years and the impact of their construction and 
use can therefore be considerable. In 1990, 28% of Australia’s energy-related emissions were attributable to the 
building sector (AGO, 1999). End-use energy is predicted to rise by 40% and 91% in the residential and non-
residential sectors respectively, assuming business-as-usual. The resource use and waste generation of buildings is 
also considerable. It is estimated that 30-40% of all Australia's solid waste disposed at landfill comes from the 
construction and demolition of buildings (Newton, 2001).  
 
Only three percent of residential homes are designed by an architect (ABC, 2000). This figure could imply that the 
influence of architects on residential housing stock is small. Yet the work of architects continues to be promoted. 
While an architect-designed home is the aspiration of many Australians, their major influence is in establishing design 
trends, which are then adopted by producers of mass housing.  Confronted by any client with the means, but not 
necessarily the concern to achieve their desired home in a sustainable manner, places the architect in a difficult 
ethical position. This dilemma must present itself regularly to any architect who is serious about producing designs 
that can be regarded as truly sustainable. 
 
This paper explores this apparent contradiction between architectural practice in the residential sector and the need 
for truly sustainable housing. It takes up two broad themes – one that assesses the ethics of the situation through a 
quantitative analysis of the problem, the other that connects ethical decision-making to self-interest at a level that 
architects as designers can work with.  The paper begins with definitions of sustainability and ethics, together with 
their guiding principles. The literature, which explores the ethics of sustainable architecture, is reviewed for the 
insights they may offer.  Objective indicators of sustainable housing are then established against which current 
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practice in residential design in Australia might be critiqued. The paper finally explores some of the options that 
practising architects might employ if they attempt to resolve the contradictions between their clients’ desires and 
sustainability. This situation might occur, for example, if a client proposed a large house that, on a per capita basis, 
clearly exceeded a sustainable level of resource use and waste generation. 
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Figure 1: Ecological footprint by region in 1999 

(source: WWF, 2002; ABS, 2001 ) 
 
1. SUSTAINABILITY 
There are many definitions of sustainability and certainly there is no universally accepted definition of this overused 
word. Mitchell et al. (1995), cited in Palmer et al. (1997), have however, identified four principles from the 
sustainability literature (Figure 2). These four principles and how they might impact on architectural practice are 
explained below. 
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Figure 2: Four principles underlying sustainable development 
(source: Palmer et al., 1997) 

 
The Futurity Principle originates from the original 1987 Brundtland definition of sustainability, which broadly 
envisaged sustainable development as "meeting the needs of the present without compromising the ability of future 
generations to meet their own needs". In industrialised countries, our needs for food, clothing and shelter were met 
and passed a long time ago. The average new house built in 2002-3 in Australia was approximately 228 m2 (ABS, 
2005), compared with approximately 100 m2 in the 1950s (Freeland, 1970). Assuming most architecturally designed 
houses are as large as this average and also generously fitted and appointed, the increased use of resources in 
meeting this desire is antithetical to the concern for future generations.  
 
The Environment Principle reflects the notion that sustainability must ultimately be measured against the ability of the 
biosphere to absorb the consequences of human activity. Up to now, this has been the main concern of 
environmental groups and those that eschew an anthropocentric view of the world. Measured against this principle, 
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architecturally designed housing could score well. There is now a considerable body of knowledge available to 
architects about the life cycle of materials, from ‘cradle to grave’, to assess their use in residential housing over the 
long-term. An architect following sustainability principles could potentially design a house with minimal environmental 
impact. 
 
The Equity Principle has been added to the sustainability model by those who argue that the finite resources on the 
planet should be shared far more equitably than is currently the case. Disparity in the use of energy exemplifies the 
current inequities. In 2001, primary energy use in the OECD countries with their population of 1.1 billion was 4.68 
tonnes of oil equivalent (toe) or 6.5 kW per capita (UNDP, 2004). In the non-OECD countries, with a population of 5 
billion, per capita energy consumption was 0.95 toe or 1.33 kW i.e. 20% of the level in affluent countries. In 
comparison with all but the elites of the populations of developing countries, the level of affluence enjoyed by the 
average citizen in industrialised countries is spectacular. Against this principle, architecturally designed houses, 
which are likely to be larger than the average dwelling in most developing countries, and also affluently appointed 
and uniquely constructed, will score poorly. 
 
The Participation Principle was added to the sustainability debate at the 1992 Rio Earth Summit. It acknowledges that 
the public should participate in any process of change and was enshrined in Principle 10 of the Rio Declaration. This 
should not however be confused with the traditional one-on-one relationship enjoyed within the typical architect-client 
relationship.  Fowles (2000) discusses how community participatory design in architecture strengthens “social 
sustainability”. He even suggests that when ecological and participatory designs are intertwined that the 
characteristics of a new paradigm can be observed. Although at the wider community level, meaningful participation 
is uncommon, it is not unknown and some examples of environmentally sensitive group housing are starting to 
appear e.g. Christie Walk in Adelaide (Robertson, 2006). Other examples with longer histories exist such as Moora 
Moora outside of Healesville. These examples of community participation encourage paradigm change that go 
beyond housing design.  To play a more effective role in changing community expectations requires that an architect 
move beyond responsibility for individual projects and become involved as public intellectuals in local planning and 
urban design initiatives to help build community-level responsibility for setting and meeting sustainable housing 
standards.  
 
2. ETHICS 
Architects are faced daily with professional choices based on value judgements. These may range from design to 
career-related decisions. Research shows that value systems and the ethical decision-making derived from them are 
culturally malleable and that these systems are fundamentally based on self-interest through concepts of self 
(Layard, 2005). The realistic view, according to Layard, is that we take others into account, partly out of pure 
selfishness (expecting them to reciprocate), partly out of genuine sympathy, and partly out of principle.  Narrow 
individualism is a contemporary phenomenon found largely in Westernised culture and linked to deepening levels of 
neurosis (Eckersley, 2004). Contemporary studies of health and well-being indicate that happier and more successful 
individuals consistently express a widened sense of self-interest (Layard, 2005).   
 
Singer (1995: 5), the ethicist and animal rights advocate introduces the phrase “the ultimate choice” and positions this 
against the everyday choices that we make through narrow self-interest. Singer’s ‘ultimate choice’ is the antithesis of 
narrow self-interest in that one’s sense of well-being has been extended to include the interest of others. These 
‘others’ include future generations, the poor in developing countries, living and non-human species. Singer’s “ultimate 
choice” can be identified according to Layard’s theory of happiness as an extensive form of self-interest.  The lessons 
Layard draws from an overview of clinical data related to cognitive-behavioural therapy is that sense of self lies on a 
continuum of happiness from its weakest expression when in a neurotic state, to its strongest expression – 
selflessness - that matches Singer’s “ultimate choice”.  The very malleability of our sense of self indicates ethical 
decision-making is intrinsic to self-reflection and being human.   
 
Various authors have grappled with ethical questions when trying to pursue sustainability in architecture. Guy and 
Farmer (2000) suggest that there are six competing logics of green buildings, each with its own dominant ethical 
concern. The logics are: ecological, smart, aesthetic, symbolic, comfort and community. In each case, they suggest a 
one-word identifier to cover each of 13 distinguishing features of these six logics.  Ethical concern is one of these 
features. So, for example, the ethical concern of a green building where ‘community’ is the dominant logic will be 
equity. Due to the seriousness of the ecological crisis, the authors of this paper believe that an ecological logic should 
take precedence. Guy and Farmer (2000) suggest that the ethical concern of those who adopt this logic is eco-
centric. Some of their commentary (and supporting quotes from other authors) on the ecological logic is somewhat 
extreme e.g. ‘each building is an act against nature’. They do, however, correctly (we believe) state that this ethical 
position demands that we should live within the limits of nature itself i.e. to provide the resources and process the 
wastes indefinitely and that in design the starting point should be to reduce the ecological footprint of a building.  
 
Williamson et al. (2003) present the complexities inherent in valuing ecological sustainability arising out of a long 
history of privileging an anthropocentric perspective of ethical decision-making in their book 'Understanding 
Sustainable Architecture'. The differences in instrumental and non-instrumental value are first presented, the former 
being those that are dependent on some utility or usefulness. This utility may not necessarily be that valued by 
humans. It may be required for animals, plants or the general self-renewal of an ecosystem.  A non-instrumental or 
intrinsic value is one that is inherent of itself and not dependent on its recognition by humans. Williamson et al. (2003) 
then explore whether something of either value has rights and whether such rights must be taken into account in 
sustainable design. For these authors, however, sustainable building solutions will not come about from prescriptions 
of duty or from rules and regulations, rather they should be ‘beautiful acts (their emphasis), which will follow if 
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architects are encouraged to conceive sustainable architecture to be ‘a protection of ourselves’. The thinking behind 
this idea appears similar to that promoted by deep ecologists, who would argue that once we truly reconnect 
ourselves with nature, we will not commit unsustainable acts because to do so would be to harm ourselves. 
 
Valuing beauty seems especially problematic in contemporary culture.  While we can all relate to beauty when we 
experience it, we seem to have lost our ability to respect it for its life-affirming and generative purposes that provide 
the natural link to ecological sustainability. Christopher Alexander (2002), the architect and internationally acclaimed 
critic of design thinking, believes that all situations have “degrees of life” to them. His studies expose how beauty is 
an inherent property of those situations that we commonly experience as being most alive - and he goes on to 
demonstrate how closely linked our own sense of self is to this.  Beauty is the natural expression of aliveness (or 
well-being).  Alexander suggests that our sense of self expands (in the sense explained above) when we experience 
beauty and that this is its true value.  When we confuse the beauty that arises through well-being and aliveness with 
less intuitive, more contrived concepts then we lose an appreciation of beauty’s expansive, life-giving properties and 
dismiss its power when it is actually the key to ecological sustainability.  Alexander argues that our loss of respect for 
beauty and our distraction with shallower models is tied up in our loss of respect for the mystery of nature. Our 
scientific approach to exploring life’s mysteries – through mechanistic modelling and reductive methodology and our 
industrialised mindset that has arisen as a consequence – is seen to be responsible for stripping nature of its beauty 
and power to fill us with awe and respect.   
 
Despite theoretical complexities, ethics is ultimately about how we should act as individuals or groups of individuals. 
Singer’s distinction between types of choice is a good starting point. However, it will not be theoretical arguments 
from a few that will lead to a change in the health and well-being of the planet; rather it will be the actions and 
behaviour of millions. If the theoretical arguments are so qualified and complex as to be inaccessible to the majority, 
then they are of little use. Ethics is (or should be), as Williamson et al. (2003) state ‘a practical matter’, and so should 
be applicable to our architect’s dilemma.  
 
Ethics as a practical matter is about practising through one's value systems.  That ethics seems so complicated 
nowadays is considered to be the result of a system of values that has been transformed by modern thinking 
(Plumwood, 2002; Alexander, 2002). The European Enlightenment gave rise to two profoundly important movements 
- humanism and the modern scientific method.  The essential logic of humanism that ‘man’ was an autonomous and 
rational being free to control his own destiny gave rise to secularism.  The success of the new scientific 
methodologies in prizing open nature’s secrets furthered this sense of new-found freedom and control.  Value 
systems evolved that reflected increasingly mechanistic views of the world in tune with the rising power of science 
over older knowledge systems.  These older forms of thinking, based on intuition and concepts of divinity, were 
evocative systems connecting humanity to a world filled with intrinsic value through an expanded sense of self.  As 
the framework within which to know the world narrowed, so too the view of self narrowed.  The scientific historians 
Toulmin and Goodfield (1962) track how the rise of scientific thinking inevitably fostered the belief that our humanity 
(including our mental world) could eventually be explained away through the sum of our mechanisms – a belief that is 
still widely held today. 
 
Self-interest and sense of self are life-affirming when our value systems are inclusive and holistic, and become life-
destroying when they are not.  Ultimately, self-interest remains the key to sustainability. Environmental thinkers e.g. 
Plumwood (2002) argue that a discordant mesh of presumptions about land, property ownership and hence 
architecture and building have arisen through narrowed concepts of self-interest. This had led to a situation where 
considerations of moral and economic probity now tend to ignore the contribution of wider systems of life to resource 
wealth and ecosystem well-being, and this has become deeply embedded in a globalising system of ecologically 
irrational behaviour.  The rise of the industrial age freed humanity of many of nature’s constraints, and in so doing 
fundamentally changed our relationship with the natural world.  Our mainstream interactions have become systems of 
command-and-control.  Because of this, an ethics based on constraint, humility and selflessness can be seen to be at 
extreme odds with the norm. This sets up dilemmas within society at large and for practising architects in particular 
when making choices that do not mesh with the dominant paradigm. Singer’s logic of ultimate choice helps architects 
reflect upon how they are caught up within this situation and how affected their personal values must be.  Alexander’s 
methods for enhancing intuitive design abilities helps step architects out of a mechanistic-rationalist paradigm to bring 
them closer to wholeness in their daily deliberations upon equity, utility and beauty – deliberations central to the 
design process.   
 
3. MEASURING SUSTAINABILITY 
In 2004, Robert Caulfield, Managing Director of the Archicentre, called for an end to the 40-square “McMansions” 
(sic), describing them as “environmentally and financially unsustainable” (Age, 2004). We have become all too 
familiar with this type of housing in Australia and its proliferation. Caulfield believes that smaller cleverly sited, solar-
powered and water efficient homes would make major contributions to limiting Australia’s greenhouse gas emissions 
(refer also to Goad, 2005). Caulfield’s statement begs the question of how we might measure the sustainability (or 
otherwise) of our housing. 
 
Most texts dealing with the complex issue of sustainability in architecture seem reluctant to propose any objective 
indicators against which a design can be evaluated. While some of the principles of sustainability e.g. futurity and 
participation are hard to define objectively, others e.g. equity and environment lend themselves to objective 
measurement. An ethical approach to genuine sustainability might arguably use as a starting point the ability of the 
earth to support the current and future population level equally and to absorb and process the waste generated by 
human activity without detriment to the environment. This approach might at least begin to address the Futurity, 
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Environment and Equity Principles described earlier.  Design strategies such as that promoted by Alexander engage 
with these principles, but through a phenomenological approach to measurement in which subjective experience, 
refined through appropriate training, becomes the direct measuring device.  While phenomenology as a scientific 
technique is not yet widely appreciated or practised, it nevertheless constitutes an approach that is both anti-
reductionist and deeply engaging for the designer – in other words its offers a more ecologically attuned 
methodology.  This approach does not preclude its partnering to an understanding of the situation through 
quantitative analysis.  
 
Ecological Footprint (EF) analysis was used at the beginning of this paper to demonstrate the demands of our 
lifestyle on the planet. In order to produce a single number to represent a very complex issue, EF analysis makes 
many assumptions, and there are certainly criticisms made of the approach used. Some of these are listed in 
Simpson et al. (2000). Despite its weaknesses, however, EF can be used as a guide to the impact of our actions 
(UNEP, 2005).  EF takes account of the many factors that reflect our lifestyle, including food consumption, travel and 
housing. Currently the housing (or shelter) component might represent about 15% of an individual’s total footprint. 
Figure 3 gives some indication of the impact of housing size, occupancy level and energy efficiency + conservation 
on the shelter component of an individual’s footprint (ha) using a typical footprint calculator (EPA, 2006). The data for 
Figure 3 has been determined by assuming constant values for all parameters used in the EPA calculator except 
house size (Question 5), number of occupants (Question 4) and type of electricity supply (Question 7). 
 
House size is clearly the dominant factor. The ‘shelter’ component of the footprint of an individual living in a 250 m2 
house (using conventional electricity) with three other people is 1.5 ha. This is five times that calculated if the same 
four people lived in a 50 m2 space. The latter scenario is not uncommon in many parts of the world. For example, 
Mathews et al. (1995) state that the average house size amongst the poor of South Africa is 41 m2. The next biggest 
influence on the shelter component of an individual’s footprint is the number of people sharing the household.  Adding 
a fourth person to a 250 m2 house will decrease the shelter component of an occupant from 1.9 ha to 1.5 ha. The 
least influential of the three factors is energy conservation and efficiency. In a 250 m2 house, the individual’s shelter 
component drops from 1.5 ha to 1.3 ha by practising energy conservation. 
 
The British Prime Minister, Tony Blair, has called climate change “the world’s greatest environmental challenge” 
(Blair, 2004). How we approach the problem and the solutions we adopt exemplifies our approach to sustainability. 
Global warming raises ethical issues because the effects of the carbon dioxide we emit into the atmosphere today will 
impact on those not yet living on the planet i.e. future generations. It also will impact on the poor in developing 
countries. These populations are the most vulnerable to the effects of climate change.  
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Figure 3: Shelter footprint requirements for various house sizes, occupancy levels and energy consumption 

 
The concept of ‘contraction and convergence’ has become influential as a methodology to underpin a simple and 
equitable system to achieve climatic stability (Pearce, 2003).  The two key components of this philosophy are that 
there is an absolute level of atmospheric carbon dioxide, which is within safe ecological limits and that nations (and 
hence their populations) have a ‘right’ to generate a certain level of emissions, which is consistent with that absolute 
limit.  The absolute limit has been identified as 450 ppm. This atmospheric concentration level should limit mean 
global temperature rises to 20C or less. It is proposed that an equal level of individual carbon emissions be achieved 
by the year 2050 and that this level will be 0.3 tonnes. This figure is equivalent to the current per-capita emissions of 
Bangladesh. Australians are currently the highest emitters of CO2 with an annual emission rate of 27.9 tonnes per 
capita (Turton et al., 2002). It is proposed that convergence by all countries to 0.3 tonnes per capita will take place 
gradually over the coming decades.  
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Energy is used in the manufacture of all housing materials and is known as embodied energy. The energy used to 
heat and cool a house is a function of numerous factors (e.g. design, climate, occupant behaviour) and is often 
defined as the operational energy. The greenhouse gas emissions associated with house design can be gauged 
using the figures calculated by Fuller and Treloar (2004). These authors calculated that a typical 270 m2 brick veneer 
house would have an equivalent annual embodied energy content of 52 GJ and annually require 92 GJ to heat and 
cool it. In terms of greenhouse gas emissions, this embodied and operational energy usage annually generates 3.7 
and 4.7 tonnes respectively. These figures were compared with those of a typical 1950s weatherboard house 
measuring 93 m2. In this case, annual greenhouse gas emissions were 1.1 and 2.7 tonnes for embodied and 
operational energy usage respectively. Fuller and Treloar (2004) also calculated the embodied energy coefficients 
(EEC) for the various houses designs. They found that the EEC for the 270 m2 house was only 13% greater than the 
1950s weatherboard. Because of its size, however, the emissions due to construction and use from the larger house 
increase by over 200% compared to typical post-war housing. Notwithstanding any inaccuracies from the 
imperfections of the hybrid input-output analysis used to determine embodied energy, these past and current level of 
emissions associated with house design also indicate the challenge ahead to bring individual total emissions down to 
a global level of 0.3 tonnes per capita. Assuming optimistically that all operational energy can be supplied by a 
renewable energy system and that the house is occupied by four people, the annual share of the emissions from the 
embodied energy component from the 93 m2 house alone is 0.28 tonnes. This level of house occupancy is far from 
the current practice, however. The average household size has been steadily declining for decades. The last time the 
average household size was four persons was in the mid-1930s (ABS, 2001) and in 2001, the average Australian 
household size was 2.6 people (Haberkorn et al., 2004). 
 
The mass produced housing of the modern Australian estate is easy to criticise. How does the work of Australian 
architects actively promoting sustainable house design compare? The first issue of ‘Sanctuary – sustainable living 
with style’ showcases the work ‘of fifteen of Australia’s leading practitioners of sustainable house design’ (Sanctuary, 
2006).  Unfortunately, the reader is offered no evidence of the genuine sustainability of the designs and there are no 
statements from the architects, which indicate that they have considered the two indicators for sustainability 
suggested in this paper. House size is only stated for two of the house designs. One measuring 230 m2 is described 
as ‘not a large house’ and ‘at only 123 square metres’, the other is labelled ‘small is beautiful’. All of the houses 
include some of the features that we have come to associate with ‘green’ houses, such as rainwater capture, solar 
systems, thermal zoning, recycled materials and low toxicity products. However, it is not so much a question of which 
resources but how much that matters. High levels of resource use in large houses with low occupancy levels is the 
most obvious and continuous reminder of this behaviour in our daily lives. Until all of us, architects included, address 
this issue, then we are evading the question of genuine sustainability and fostering the illusions that we do not have 
to change our behaviour and values. 
 
While the level of resource use and greenhouse gas emissions attributed to a design can clearly be influenced by the 
architect, the client is likely to have the greatest impact through their lifestyle choices. Other factors, however, are 
outside the influence or control of either party; for example, the energy used in the manufacture of building products. 
If the carbon intensity of the energy used in the industrial sector was to fall, then the picture with respect to 
greenhouse gas emissions would improve.  However, even if the individual share of global resources were to fall, this 
could be offset by rising global population overall. 
 
4. PRACTISING SUSTAINABILITY 
As described in the introduction, a practising architect is faced with a dilemma if they are seriously trying to offer 
advice and designs that could be described as genuinely sustainable to their clients. The main problem arises when a 
client wants a large house with average occupancy levels. The review of the literature showed that this was not very 
helpful in resolving this specific dilemma. How then might a practising architect, who espouses sustainability, resolve 
this dilemma? What actions are open to them? This section of the paper explores some possible options.  
 
• Reject the client and tell them to go elsewhere. Obviously this option involves ‘the ultimate choice’ and therefore 

perhaps represents the most ethical position. But commercial reality means that the business will be lost, and 
this may eventually lead to the failure of the architectural practice. Being ethically correct but out of work is not a 
position many can afford to take. 

 
• Confront the client, and seek design changes or compromises. This option presents the opportunities for client 

education and continued business survival. If the business is not lost, a genuinely sustainable design might 
result. If not, then at least the client is aware that they are not living in a sustainable house and the architect has 
at least fulfilled the important role as an educator of the client. 

 
• Confront the client and ask for an ‘offset’. In this option, the ‘unsustainable’ design is offset by another 

‘sustainable’ action e.g. by planting trees or paying for a solar system in a developing country. These examples 
would alternatively raise the Environment and Equity Principles with the client. As previously, this option presents 
the opportunities for client education and continued business survival.   

 
• Don’t confront client, and seek design changes or compromises. This option would require the adoption of the 

rationale that the (assumed) improved design is a step in the right direction along the path to genuinely 
sustainable housing. An alternative rationale could be that the client might go elsewhere and the resulting design 
might be worse. 
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• Practice self-selection. This option might take the form of clearly and publicly establishing an ethical stance 
through vision statements and objectives. In this way, the architect can prepare any clients for what is on offer 
i.e. an ethical agenda that includes ecological sustainability. A condition of engagement might be adhering to 
this. This might lead to a small client base and limit the opportunities to educate and earn a living. A reputation 
for genuine and principled sustainable design, however, might be established. 

 
None of the above represents an ideal solution to the dilemma discussed in this paper. This lack of a clear definitive, 
yet practical, solution is typical of most ethical questions raised in our society.  At this point we must ask; can we 
really expect to find generic and ideal solutions?  According to the environmental skeptic Robert Kirkman (2002), it 
might be worth reconsidering this expectation through a chemically based metaphor.  In chemistry the idea of a 
solution is understood as a substance in which things are suspended in a dynamic state of coherence and 
dissolution.  Our thinking, however, is usually governed by ‘the puzzle metaphor’ (2002:153) through which any given 
problem ideally is supposed to have a single, correct solution. Using Kirkman’s approach, we feel it useful to 
acknowledge that what we are in reality presenting in this paper is our considered support for an architectural service 
in which Alexander’s life-affirming design paradigm becomes the solution within which Mitchell’s four sustainability 
principles are expressed as a meaningful constraint and cross-check.  The designs that arise in this manner engage 
the architect in a holistic approach to sustainable design and in so doing offer firmer ground upon which to engage 
with clients about expectations and their ethical implications.   
 
5. CONCLUSIONS 
This paper suggests both quantitative and qualitative methodologies for a broad-brush assessment of sustainable 
design.  A sustainability model based on participation, equity, environment and futurity principles utilises a 
quantitative methodology to assess the ethics of the situation, namely through ecological footprint and greenhouse 
gas emissions.  In this respect, Robert Caulfield was correct when he called for smaller houses. House size is the 
dominant variable in determining resource use and greenhouse gas emissions. The occupancy level is also critical in 
determining per capita resource use and waste generation. Based on their size alone, current house designs, 
whether for the mass-produced marketplace of housing estates or for clients seeking ‘sustainable living’ appear to fall 
well short of the level of resource use and emissions that would qualify them to be described as genuinely 
sustainable. This criticism is valid even allowing for inaccuracies in calculating the indicators. Does the design use 
more than its fair share of global resources and emit more greenhouse gases over its lifetime than can be safely 
absorbed by the earth’s atmosphere? If the answer is ‘yes’ to either of these questions, then the design is simply not 
sustainable. The role of architectural science is critical in the education of current and future architects to answer 
these questions honestly. 
 
Developing an intuitive sensitivity to the life-affirming qualities of architecture links design aesthetics to ethical 
decision-making.  A phenomenological approach utilises both intuition and logic to engage the designer through an 
expanded sense of self and personal well-being.  It enables a more holistic measurement paradigm upon which to 
base one’s ethical decision-making. Does the design reach below shallow concepts of beauty and touch us with its 
sense of aliveness?  If not, the chances are that it fails as life-affirming architecture even if it meets the other criteria.  
To answer these questions with any confidence assumes a respect for the integrity of the different methodologies 
through which the raw statistical and sense data are evaluated.    
 
Assuming that most of the profession are sincere in their desire to produce sustainable designs, the ethical dilemma 
explored in this paper must be a real one for many architects.  For a practising architect, there appear to be only a 
limited number of actions or positions that can be taken when confronted by a client wanting to build an 
unsustainable house. Some of these have been briefly critiqued in this paper. We need to make a realistic appraisal 
of our current housing, both popular and ‘green’, through a quantitative analysis of its impact rather than to delude 
both the client and ourselves.  It is also better to make a realistic appraisal of our current mindset that prefigures our 
ability to engage holistically in design activity. Because architecture is both an art and a science, it is an architect’s 
imperative to design sustainable architecture that strikes a balance between equity, utility and beauty.  In this respect, 
the options presented throughout this paper to achieve this balance also rest on the development of intuitive skills 
that respond to our deepest understandings of beauty as a life-affirming quality in the natural world.  This is a skill in 
as much need of practice and refinement as any other, but one which is yet to receive proper consideration amongst 
the initiatives that currently dominate the professional approach to sustainable design. 
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ABSTRACT:  Sustainability (and sustainable building) are topical subjects which have recently crept 
into the regulatory arena. This paper is concerned that the use of these terms in current regulation may 
be misleading and therefore distract practitioners and regulators from the real focus of sustainability 
and so inadvertently create an inappropriate development path for Australia into the future. 
 
Principles of sustainability and Australia’s current policy on regulation set the background for this paper 
to review some examples of recent building and planning regulation which claim to be sustainability 
based. Then a method for translating sustainability principles into an operational national sustainability 
strategy (including sustainable building) is described, and problems which face a regulatory approach 
to the issue are identified. A discussion follows to highlight specific areas of divergence between the 
current regulatory approach in Australia and global principles of sustainability. 
 
Conference theme: The indicators of sustainable building 
Keywords: Sustainable development, buildings, regulation 

 
 
INTRODUCTION 
The expression ‘sustainable building’ has become increasingly popular in the literature in recent years; indeed it is 
used as one of this conference’s themes. Yet despite its increasing usage, no consensus for either a definition or a 
conceptual framework for the term has yet emerged in Australia. This situation is now exacerbated by a rapidly 
growing number of regulatory initiatives being introduced into the Building Code of Australia and most State planning 
authorities under the banner of sustainability. A sceptic may well argue that we are already regulating something that 
we don’t yet understand. 
 
This paper postulates that the essential meaning of sustainable building, in the context of appropriate management of 
the development of the built environment, can only surface by returning to root principles of sustainability, where it is 
shown that building sector activity is an integral part of a wider National Sustainable Development Strategy (NSDS). 
The objective of the paper is to review selected examples of building regulation which claim to be sustainability-based 
and test them against underlying principles of a NSDS in order to evaluate the extent to which the claims are valid. 
After establishing Australian national regulatory policy, the review identifies the regulation objective and method for 
each example and compares it on the one hand with a stated political strategy and on the other to its compliance with 
regulatory policy. Results of the evaluation are then discussed. 
 
Outcomes of the study suggest that in all cases claims of regulation to be sustainability-based are false, firstly on the 
basis that regulatory policy conflicts with sustainability principles and secondly on the basis that regulation does not 
address sufficient aspects of sustainability. One disturbing outcome is that in some cases wording of the regulatory 
objective inhibits the regulation from addressing major intentions of the strategy. A further disturbing outcome in all 
cases is a departure from scientific method in the technical methodology behind the regulation, and/or denial of public 
access to data under the guise of ‘commercial-in-confidence’ from government agencies; and In all cases there have 
been no post occupancy evaluation studies to validate theoretical predictive models which underpin the regulation. 
 
1. BACKGROUND 
 
1.1. Sustainability and sustainable building 
Foundational concepts of sustainable development (or sustainability) as articulated in the Brundtland Report “Our 
Common Future” (UN General Assembly 1987) described it as a framework for the integration of environment policies 
and development strategies. It emphasised that the term ‘development’ should be taken in its widest context to 
include both economic and social policies which drive the strategies. Subsequent United Nations’ forums, including 
the ongoing Commission on Sustainable Development (CSD), have persistently reinforced this interpretation. 
 
The notion that sustainable development at the global level can only evolve by the action of every nation to take 
ownership and responsibility for developing, implementing and maintaining its own national sustainable development 
strategy can be traced back to the Brundtland Report. An unequivocal consequence of this concept of sustainability is 
that prime responsibility rests with national governments and their political will and capacity to make integrated and 
balanced policy decisions on all issues that involve interaction of economic and/or social development strategies with 
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their environmental consequences. Since all activity in the built environment involves an interaction of development 
and its environment impacts, it follows that any conceptual framework for sustainable building can only exist within 
the wider framework of sustainable development. Such a framework would be embodied in the structure of a NSDS. 
This paper reviews the underlying principles of a NSDS developed by the CSD in order to identify the elements that 
would be contained in a conceptual framework for sustainable building. 
 
1.2. Regulatory activity in Australia’s building sector 
In response to environmental impacts arising from building development (following actions by some States), the 
Building Code of Australia (BCA) expanded its traditional scope of safety, health and amenity of building occupants 
by introducing energy efficiency provisions for residential construction in 2003. Then in July 2004, following a scoping 
study (CRC-CI 2003), the Australian Building Codes Board (ABCB) announced its intention to further broaden the 
scope of the BCA by “…prioritising specific sustainability issues, including energy, water, materials and indoor 
environment quality” (ABCB 2004a:1). The 2006 edition of the BCA has incrementally broadened energy efficiency 
provisions in both the number of building classes and the stringency levels (performance criteria). A draft 2007 edition 
of the BCA, released for comment in June 2006, proposes to add ‘sustainability’ to its existing three goals of safety, 
health and amenity. To support technical aspects of the code, the BCA cites ‘referenced documents’, usually in the 
form of Standards. In January 2006 Standards Australia distributed a white paper, Sustainability in Buildings (Blair et 
al 2006), purportedly to harmonise the work of various existing committees under the general title of sustainability. 
This paper reviews the BCA energy efficiency provisions, the Standards Australia inquiries, and their claim to be 
sustainability initiatives. 
 
Under Australia’s federal system of government, jurisdiction over division and development of land is vested in the 
States. A desire by all States to apply uniform technical regulations on building development resulted in a national 
building code in 1990 whereby the States incorporated the BCA into their legislation. Notwithstanding this action, 
States retain sovereign powers over building controls by two mechanisms; firstly by the authority to add, amend or 
delete clauses of the BCA through State appendices, and secondly by including environmental provisions in  planning 
applications, thus pre-empting BCA requirements. This paper reviews the 2006 SA water efficiency provisions as an 
example of the first mechanism and the NSW building sustainability index (BASIX) as an example of the second. 
 
1.3. Regulatory policy in Australia 
The National Competition Policy (NCP) appeared in 1994 as a national strategy to stimulate Australia’s international 
competitiveness by increasing productivity levels, and the National Competition Council (NCC) was established to 
implement the NCP. The Office of Regulation Review (ORR) and the Productivity Commission (PC) were later formed 
to reinforce this policy implementation. While ORR’s role is primarily one of watchdog and gate-keeper of proposed 
regulation, PC’s role is to actively inquire and research the current climate of Australian productivity and the impact of 
regulation on business and consumers. The mission of NCC and its agencies is to pursue regulatory efficiency reform 
throughout the nation; the metric of productivity according to this vision is national economic growth and individual 
financial wealth. 
 
The Council of Australian Governments (CoAG) is the top intergovernmental body of Ministers in Australia comprising 
members of Commonwealth, States, Territories and Local Government. It determines and implements policies which 
require national cooperative action, including the establishment of the ABCB to administer the BCA. Any regulatory 
proposals falling under the auspices of CoAG are required to conform to its principles, including those set out by the 
NCP. The principal test for potential regulation is the Regulatory Impact Statement (RIS). A RIS must provide a 
quantitative analysis which is scientifically rigorous and which demonstrates by way of risk analysis and cost-benefit 
analysis that the regulatory proposals are the most appropriate instrument to achieve policy objectives. Further, a RIS 
must address the following issues; 1) need for regulation; 2) regulatory failure; 3) alternative solutions; 4) benefits of 
regulating; 5) costs of regulating; 6) public consultation; 7) support for regulation and 8) impact on competition. Finally 
the RIS must be submitted to the ORR to verify compliance. 
 
2. EXAMPLES OF REGULATORY ACTIVITY IN AUSTRALIA 
 
2.1. Building regulation – the Building Code of Australia 
The BCA replaced its original prescriptive-based regulatory structure with a performance-based format in 1996 “using 
several international models (including the New Zealand, British, Swedish and Dutch examples) adapted to suit the 
Australian building regulatory environment” (ABCB 2002:6). Advantages for adopting this approach were primarily 
claimed to provide cost savings in building construction by allowing innovation and flexibility in the selection of 
materials, forms of construction and building design. 
 
Australia has now had ten years’ experience applying a performance-based building code, and practitioners long ago 
identified some areas of weakness which have resulted in limited applications of alternative (performance) solutions. 
One impediment to greater use of alternative solutions is a gap between the qualitative performance requirements 
and a verifiable solution due to a lack of quantitative performance criteria. Recent collaborative work between the 
International Council for Research and Innovation in Building and Construction (CIB) TG37 and the Inter-jurisdictional 
Regulatory Collaboration Committee (IRCC), which resulted in the Performance System Model (PSM), provides a 
methodology to overcome this weakness (Meacham et al 2002). It is achieved by inserting a performance/risk level 
after performance requirements followed by quantitative criteria level to support the verification process. PSM has not 
yet been incorporated into any national building code, including the BCA. A directly related difficulty arises over the 
lack of available performance-based standards. A separate but equally important issue is that of clarity and intent in 
the wording of regulatory objectives, which are the foundations upon which the whole performance process stands. 
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The BCA defines an objective as “an interpretation of what the community expects from buildings”. This definition is 
contested in the cases of energy efficiency and water efficiency examples reviewed below, where the whole 
performance process is challenged by arguably inappropriate wording of objectives. Notwithstanding these apparent 
shortcomings in present code editions, it is considered that a performance-based building code is an indispensable 
element in the pursuit of sustainable building. 
 
The brief history of Energy efficiency regulations of the BCA can be traced back to Prime Minister Howard’s speech 
Safeguarding the future: Australia’s response to climate change, and the formation of the Australian Greenhouse 
Office. With regard to buildings and climate change the Prime Minister stated (Howard 1997:9); 
 

The Government will also work with the States, Territories and industry to develop energy efficiency 
codes and standards for housing and commercial buildings, appliances and equipment. We will 
expand the Nationwide House Energy Rating Scheme by including a minimum energy performance 
requirement for new houses and major extensions… 

 
A major focus of the National Greenhouse Strategy released the following year was to limit the growth of greenhouse 
gas emissions and enhance greenhouse sink capacity (AGO 1998). The 110 page strategy devoted one sentence to 
residential buildings in section 4.9 which echoed the Prime Minister’s previous statement. When energy efficiency 
provisions were finally incorporated into the BCA in 2003, the objective was worded “The Object of this Part is to 
reduce greenhouse gas emissions by efficiently using energy”. Reasoning for this wording was explained in a 
directions report (ABCB-AGO 2001:20) 

 
This Objective focuses on energy efficiency while clarifying the goal. To refer only to energy efficiency 
could be seen as regulating for the sake of saving fuel or operating costs, which is not an appropriate 
goal for regulations. It could also discourage innovation in alternative energy technologies. To mandate 
only for greenhouse gas reduction would depart from the inter-government agreement and could be 
seen as trying to regulate other greenhouse aspects not intended to be regulated at this time. 

 
The directions report further determined that, because the life of a building’s fabric generally exceeds the life of its 
services, performance requirements should not permit concessions or trading with more energy efficient services, 
fuels of differing emissions rates or renewable energy choices. In other words the building’s fabric would be required 
to ‘reduce energy’ in its own right by achieving minimum performance standards, regardless of any other factors 
which may contribute to reducing CO2 emissions. On this basis performance standards were created using simulation 
software packages to predict the amount of annual space heating and cooling energy that would be required to 
maintain a theoretical thermal comfort range for occupants in a given climate for various building fabric materials. The 
results of simulations provided data which enabled the States to determine acceptable cost levels of insulation and  
glazing, and so determine quantitative levels of performance (on a unit floor-area basis) which were then grouped 
into a ‘star rating’ system known as the stringency level. 
 
The RIS drafted to justify the regulatory proposals for the current BCA energy efficiency provisions (ABCB 2006) 
provides insight into the limited focus of these regulations. First a market failure was declared as existing thus ruling 
out other regulatory options (quasi-regulatory). Other policy instruments (information, education, labelling) were 
summarily dismissed, as too were taxes, subsidies and tradable property rights, on the basis that they were different 
policy issues and not within the mandate of energy efficiency (or greenhouse) policy. Submissions which proposed 
directly targeting greenhouse emissions were rejected, as too were recommendations of the Productivity Commission 
including; “New or more stringent energy efficiency standards for residential buildings should not be introduced until 
existing standards have been fully evaluated” (Productivity Commission, 2005: XLVIII). Using AccuRate software to 
model four house designs in each of the eight BCA climate zones, the RIS applied life-cycle cost analysis to 
demonstrate a benefit/cost ratio of 1.27 with predicted reduction of 274,686 tonnes of CO2 emissions. This result was 
derived using a 6% discount rate over a 40 year building life, however the precision of these figures belies several 
significant assumptions and data limitations as stated in the 25 page analysis in Appendix A of the RIS. 

It is important to understand the function of the rating scheme. It is not meant to predict energy use 
and energy bills but to give a relative ranking of one house compared to another. The use of rating 
tools to evaluate regulatory impacts will therefore always require changes to the rating scheme 
occupancy assumptions. (ABCB 2006:86) 
Limited data are available on how Australians actually use their heating and cooling appliances. The 
most recent comprehensive data are from the 1986…. (ABCB 2006:87)  

Given existing information gaps it is not feasible to directly estimate the avoidable cost of the electricity 
that will be saved by the proposed measures. (ABCB 2006:101)  

 
The BCA often refers to external or ‘referenced’ documents to support particular provisions of the code which would 
otherwise contain an unwieldy amount of technical detail. Referenced documents typically include Australian regional 
and international standards as well as industry-based documents. Because they become part of the BCA regulatory 
framework with potential legal or treaty implications, the ABCB drafted a protocol for the development of referenced 
documents (ABCB 2004b). In these circumstances, Australia’s responsibilities under the World Trade Organisation  
(technical barriers to trade) and economic agreements with New Zealand determine the board’s policy preference of 
international and regional standards over Australian standards, where available. 
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The protocol informs that the BCA is a performance-based code and stipulates that referenced documents should be 
either descriptive (e.g. materials, products, services, testing) or design methodology, these being the current types of 
documents in the deemed-to-satisfy provisions. It prohibits standards from addressing performance requirements, 
which are statements representing public policy expressing community expectations on building construction and 
involve risk assessment. It does however expect them to address “how a material, a product or an assembly is to be 
designed, manufactured, tested, installed or maintained to achieve a specific level of performance”. While this 
division is clear, the protocol does not make the final step to say which levels of performance will achieve compliance. 
Documents which state this may be referred to as performance statement standards and the other as performance 
specification standards (Bukowski 2002). While the ABCB reserves authority over performance statement standards, 
it only prescribes a limited number in the BCA – for example importance of buildings and return periods for wind and 
earthquake design, and indirectly through the ‘star rating’ system of energy efficiency provisions. This is exactly the 
gap referred to previously which is addressed in the Performance System Model. Bukowski also reminds that many 
current standards are not drafted in a way that they could be described as performance specification standards. This 
and other issues still remain unresolved in the existing stock of Australian standards. 
 
With the unresolved issue of how (performance-based) standards should relate to the performance-based BCA rarely 
heard in local debate, Standards Australia released a white paper in January 2006 titled Sustainability in Buildings, 
purportedly to harmonise the work of a number of existing committees under the general banner of sustainability. A 
collection of environmental issues are identified in section-3 of the paper, including water, energy, natural resources, 
waste generation and pollution and transport. The section opens with the Brundtland report definition of sustainability 
and promptly misinterprets it with statements as; “In order to create a sustainable building sector, policies to achieve 
eco-efficiency are required” and “… the initial focus of SA's sustainability effort will be focused on environmental 
sustainability aspects”. In a quest to position itself as a national repository of sustainability data and information, and 
with one eye on the BCA’s impending expansion into ‘sustainability’ issues, Standards Australia (correctly) affirmed 
its connections to the International Organisation for Standardisation (ISO) and the International Energy Agency (IEA) 
and therefore its role in disseminating information on this topic. The paper’s reference to the ISO committee’s draft 
standard on general principles for sustainability in building construction (ISO/CD 15392:2002) is important because it 
highlights the different conceptual approaches of the two documents. While the ISO committee draft also draws on 
Brundtland for its definition of sustainability, it specifically falls short of definition with regard to sustainable building, 
noting that it (sustainable building) should address environmental, social and economic aspects, spatial and temporal 
relevance, building products and services, building processes and perspectives of concern from stakeholders. Most 
importantly, clause 5.2 of ISO/CD 15392 is completely at odds with the white paper’s approach when it states; 
  

There are three primary aspects of sustainability - economic, environmental and social. They are 
inextricably linked to each other, are interdependent and to be balanced. They must be considered 
equally. 

 
The 2006 edition of the BCA Vol-2 contains a new South Australian addition under Health and Amenity provisions 
(p.597) titled Water Efficiency. This requires all new build housing to have a rainwater tank of 1 kL minimum capacity 
installed and connected to the mains supply (with back-flow prevention), thus typically requiring installation of a pump 
and controller. The tank is required to be plumbed into either a water heater, laundry or water closet; it is not intended 
to be a source of potable drinking water. The regulation is purportedly the result of a range of policy measures 
directed at water conservation as described in the strategy document Water Proofing Adelaide (WPA), and framed to 
address the risk that in the future Adelaide will face more frequent and severe water restrictions. One target of the 
strategy is to achieve a 25% reduction in per capita household mains water use by year 2025; a joint media release 
by Premier Rann declared that a 1 kL rainwater tank is predicted to save around 19 kL per year per household. The 
objective of the measure as stated in the BCA is “to efficiently use all available water supplies”, with a performance 
requirement that a dwelling “must provide an additional water supply (other than the mains reticulated water supply) 
which must be plumbed to at least a water closet or a water heater or all the cold water laundry outlets”.  The only 
deemed-to-satisfy provision to achieve the objective is to install a rainwater tank as described above. Unfortunately 
no requirement exists for a RIS to be produced by the SA Government for regulations introduced via an appendix to 
the BCA.  
 
Investigation of these provisions (Williamson and Beauchamp 2006) indicates that they would likely fail on at least 
four criteria of a RIS. For example, a regulatory proposal needs to demonstrate market failure has occurred. In this 
case a recent survey (ABS 2004) reported that 48% of South Australian households used a rainwater tank as a 
source of water (almost three times the national average) and 28% had a rainwater tank plumbed into their dwelling. 
In the South Australian context, household water use represents 11% of all water consumption. It would seem difficult 
to argue the case for  market failure on this evidence. Further, RIS criteria require the benefits and costs of regulation 
to demonstrate a net economic benefit. Based on the assumption of 19 kL annual household savings and the current 
higher tier price of water, a household can expect a benefit of about $ 25.00 per year, whereas the initial cost of the 
tank and stand, pump and controller, plumbing and electrical work, without considering maintenance/replacement 
costs, may well exceed $ 3,000.00, representing a payback period of several hundred years. Not surprisingly, 
proponents of the regulation claim that net benefits accruing to the community via reduced major infrastructure costs 
outweigh those of the individual household. However, another criterion of a RIS is to demonstrate that no alternative 
solutions can achieve the objective. If the true objective is to reduce household water consumption (as distinct from 
the wording of the regulatory objective), there clearly exist alternative solutions which have not been considered here. 
For example, garden watering appears to represent 45-50% of household water use, but cannot be addressed by this 
regulation. It is concluded that the regulations have not articulated either a clear objective for the policy nor stated 
quantitative performance criteria in order to allow designers to investigate alternative solutions in accordance with the 
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BCA performance-based structure, and in line with CoAG principles. Research by the author was unable to find 
evidence that the State water authority knows the amount of water used by households for gardens and outdoors 
with any degree of certainty. No studies of detailed household water use patterns have been undertaken for Adelaide, 
and the technical analysis which contributed to the 1 kL tank capacity of the regulations drew heavily on possibly 
inappropriate data derived from a study of household water use patterns in Perth (Loh and Coghlan 2003).  
 
2.2 Planning regulation – the building sustainability index – BASIX 
Whereas building regulation has traditionally focused on construction rules and techniques for the performance of 
individual buildings regarding safety of structure and fire as well as design and construction methods, planning and 
development regulation has traditionally been concerned with the impact of buildings in their urban setting – zoning of 
building use types, intrusion on neighbouring buildings, context in the streetscape and desired urban character. 
 
However, with growing public awareness of environmental issues and potential political opportunities at both Local 
and State government levels, planning and building regulators now compete for the role of prescribing controls over 
the environmental impact of new buildings. All Australian States define the role of Councils in a Local Government 
Act, and some States incorporate sustainability as a responsibility of Councils in the Act itself. Most States delegate 
authority for assessment of planning applications to Councils. In addition, some States have absorbed their building 
(BCA) staff into and under control of their planning departments. A combination of these circumstances creates the 
potential for a diverse range of specific environmental regulations independently of  BCA regulations.  
 
The New South Wales Government introduced energy and water consumption controls on residential development 
applications through its Department of Infrastructure, Planning and Natural Resources (DIPNR) in July 2004. These 
controls resulted from a State Government policy targeted to reduce the annual consumption of household energy 
and mains water usage for all new dwellings by 25% and 40% respectively. From that time till now the system has 
grown increasingly more complex in methods, options, building types and variable increases in stringency levels for 
energy. Since the measures are regulated at the planning stage of a building application, they pre-empt equivalent 
regulation of the BCA. The regulations apply State-wide, using an interactive website for project submittals.  
 
In simplified form, a BASIX application requires the applicant to complete four pages about the application, two relate 
to water and two relate to energy. The first water-page addresses outdoor water use and landscape, the second is for 
indoor usage. The first energy-page is for thermal comfort (predictions of space heating/cooling loads as required by 
BCA energy efficiency provisions), the second is for fuel source of various appliances and appliance type to 
determine energy consumption to estimate CO2 emissions. The methodology for BASIX provisions (DIPNR 2004) is 
based on classifying the existing housing stock (e.g. into 2 or 3 bedroom detached houses etc.) and collecting 
statistical data for each type including occupancy numbers and both energy and water consumption. The likely types 
energy and water appliances, fittings and fixture that exist in these dwellings is then determined by ‘market 
penetration’ or relative sales of the various types. These sets of statistical averages then became the benchmarks 
against which new building applications would be evaluated. For example, knowing that a 3-bedroom house has a 
statistical average of 2.9 occupants, and that the average person uses the toilet 2.6 times per day, and the average 
litres per flush based on the market penetration of various star rated toilets, one can calculate the benchmark volume 
of water consumed by a toilet in a 3-bedroom house per day. Then if the nominated toilet in the application consumes 
less than the benchmark volume, points are scored. Following this process for all water uses the application is 
successful if more than 40 points are scored. A further assumption involves distribution of water use among 
consumption activities (i.e. x% water used for showering, y% for toilets, z% for kitchen etc.). A similar process is 
applied for energy. 
 
Unfortunately the base data and statistical analyses which constitutes much of the methodological background, is not 
available in the public realm, so there is no opportunity to scrutinise the method. Further, there has been no 
announced strategy for post occupancy evaluation studies to validate the method. The same limitations apply to 
South Australia’s water tanks and their predicted 19 kL annual water savings. 
 
3. FROM GLOBAL PRINCIPLES TO REGULATORY APPLICATION – THE PROBLEMS  
 
3.1. A global perspective of sustainable development 
Basic principles of sustainable development are clearly outlined in the Brundtland report and have been repeated and 
strengthened in subsequent Rio and Johannesburg world summits and ongoing work of the CSD. Brundtland‘s report 
started with the vision that all human beings, now and in the future, have the right to a healthy and prosperous life in 
harmony with nature, and that the conditions for such development are a balanced combination of economic growth, 
socio-cultural equity, and sufficient natural resources to sustain it. The report observed that at present there are 
massive global imbalances in poverty, population and the consumption of natural resources, which clearly showed 
that the present path of development was not sustainable and could not achieve the vision, because matters of 
development and matters of the environment have been dealt with based on separate and often competing goals. To 
achieve the vision, it reasoned that another path was needed; one by which development strategies would be 
integrated and balanced with their environmental consequences. It concluded that, because each country has its own 
unique historical, socio-cultural, political, ecological and economic identity, the global strategy could only be achieved 
by individual nations developing and implementing their own strategies. Both Agenda-21 and the Johannesburg Plan 
of Implementation called on nations to undertake this new development path. 
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3.2. National sustainable development strategies 
Slow and erratic uptake to this challenge by nations prompted the CSD to produce a comprehensive set of guidelines 
for preparing their NSDS (UNDESA 2002). The guidelines, introduced at the 2002 Johannesburg Summit,  stressed 
an important shift in the perception of sustainable development from its early emphasis on environmental protection 
to the integration of environment policy with economic and social development strategies. 

These UN Guidelines summarise the work of ten years evaluating the experiences of many nations which attempted 
to implement NSDS’s, noting both positive and negative outcomes. They concluded that there is no blueprint for a 
NSDS, and that it cannot be a separate or parallel strategy alongside existing economic and social strategies but one 
which integrates existing policies and processes according to sustainability principles. Overall evaluations indicated 
that the most successful national strategies contained common elements or underlying principles which distinguished 
them from less successful strategies. These principles are; 1) national ownership and strong political commitment; 2) 
integrated economic, social and environmental objectives across all levels of government and sectors; 3) broad 
participation and effective partnerships; 4) developing capacity and enabling environment; 5) focus on outcomes and 
means of implementation (UNDESA 2002:2). Examples of these elements can be found in the NSDS of some 
countries including the UK and Switzerland. National ownership creates a sense of relevance and so encourages 
participation at business and community levels. Political commitment is critical at Commonwealth State and Local 
levels, not only as a leadership signal but also because this is where (integrated) policy is formed and institutional 
reform is established. Integration of development and environmental policy, applied and also integrated both vertically 
from local communities through State to Commonwealth government and horizontally across all economic sectors, 
creates unified approach and common purpose. Public participation is seen not only as a prerequisite to sustainable 
development and so making the political process legitimate, but also as a basic principle of social equity. It implies 
much more than public consultation, and includes public negotiation of preferences and tradeoffs, conciliation and 
consensus-building processes. A strategy which focuses on outcomes is able to set short and long term targets and 
monitor progress, so encouraging participation. An essential element of a NSDS is that, it be implemented by an 
independent council or commission, in much the same way as the NCC. 
 
The ongoing operational process of implementing and maintaining a NSDS may be summarised in simple terms as; 
setting and integrating policy, stating policy objectives and targets to achieve the objectives, defining indicators to 
measure progress toward targets, a methodology for monitoring and evaluating trends, a method of regular reporting 
(especially to the public), a feedback loop to adjust policies, targets or indicators, and an auditing regime to assess 
performance of the operational process. Such a process structure is dynamic and is able to respond to the basic 
nature of sustainable development, including uncertainty (political, environmental, economic and social change) at 
various spatial (national, state, regional, local) and temporal (short-, intermediate- and long-term) scales. A similar 
operational process is applied in the ISO 9001 Quality Management Systems (QMS) for corporate entities which 
supply goods or services to customers, where the purpose is to strive for continual improvement in its delivery of 
services leading to increased customer satisfaction. ISO 14001 Environmental Management Systems (EMS) employs 
the same methodology, as does the Australian Standard AS 8003-2003 Corporate Social Responsibility (CSR). 
 
3.3. Australia’s national strategy for ecologically sustainable development (NSESD) 
Australia’s NSESD was developed around the time of the Brundtland report in the late 1980s, implemented in 1992, 
and has never since been substantially reviewed in light of major perceptual shifts in the concept of sustainability. 
Indeed the very title alludes to this by continuing to retain the adverb ‘ecologically’. The NSESD was prepared ten 
years before the UN Guidelines, and while it contains much valuable information on environmental policy, it exhibits 
clear shortcomings both in structural and operational elements and fails to meet the benchmark of the UN Guidelines 
in several basic aspects. 
 
3.4. Problems for the regulatory approach 
From the position that sustainability requires an integrated national approach to all policy implementation involving 
development which impacts on the environment, and that the approach requires coordination through all levels of 
government and across all sectors of the economy, it is difficult to envisage a framework for sustainable building that 
is not embedded in that structure. It then follows that until a robust NSDS is developed and implemented, dimensions 
for a sustainable building strategy cannot be adequately defined. Although instinctive concerns by both educators 
and practitioners about the impact of building activities on depleting natural resources and increasing emissions and 
waste are quite correctly held, lack of a national strategy prevents an adequate framework for the building sector’s 
contribution to these environmental issues being identified in relation to their social and economic impacts, where 
financial and human resources should be focused, and how they should be balanced against social equity issues 
(e.g. affordable housing, shifting demographics of aging population, lower household occupancy rates and increasing 
dwelling size) in the national economy. A NSDS provides the tool for informed policy decision making, and one which 
could possibly set the building sector on quite a different development path to the existing one. 
 
Whilst climate change and water conservation (the apparent focus of current building regulation) are global issues, 
they do not occur in a vacuum, isolated from other components of ecological and social systems. Some degree of risk 
of undesirable outcomes must result from treating such systems in isolation. An effective regulatory approach to 
sustainable building would therefore need to account for the complex nature of connected natural phenomena and at 
the same time evaluate social and economic policy impacts simultaneously, requiring application of multiple criteria 
decision making tools and trade-off evaluation methods. The inherent legal limitations imposed on regulatory drafting 
(including performance-based) to address these principles together with the administrative and legal complexities of 
assessing building applications (and their subsequent enforcement) suggests that any regulation having the stated 
objective of sustainability is making a very problematic and contestable claim.  
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6. DISCUSSION 
The examples described above clearly address specific environmental issues (in isolation) including non-renewable 
energy consumption and domestic water use, and potential issues of natural resources and generation of emissions 
and waste in the building sector context. Apart from the RIS of energy efficiency regulation, there is no evidence to 
show that these measures have considered the economic or social consequences of their environmental controls. 
Such approaches are contrary to a basic principle of sustainability which requires balancing environmental policy and 
development strategy. The examples also place almost all of their regulatory burdens onto new home buyers, and 
provide no alternatives in the case of disadvantaged groups, contrary to a another basic sustainability principle of 
social equity. Evidence from the RIS of energy efficiency regulation shows that benefits and costs are determined on 
corporate financial principles, where cost is equated to the additional construction costs of insulation, glazing  etc. 
(the cost of the regulation) whereas benefits are measured only in terms of contestable (predicted) reduced energy 
bills. No benefit or cost measured in terms of Commonwealth or State social policy appears in the accounting.  

NCP requires of regulatory policy that it be framed to promote national economic growth and individual financial 
wealth, contrary to the sustainability principle which requires economic, social and environmental considerations of 
issues be integrated and balanced when forming policy. Since the NCP (and the RIS required of building regulation) 
demands no compulsion to address environmental and social consequences of economic policy in a balanced and 
integrated way, it is concluded that Australia’s policy on regulation is drafted in a form which seriously limits its 
capacity to pursue sustainable development in a meaningful way. 
 
Australia’s regulatory-making system requires the proposer of regulation to prepare the regulatory impact statement 
which is then reviewed by the ORR for regulatory compliance. This process is contrary to a principle of sustainability 
which requires both policy and its instruments to be determined by a group or council of proposers representing the 
environmental, social and economic aspects of the proposal. In this sense the failure of Australia’s NSESD may in 
part be attributed to its development and implementation being managed by a single Commonwealth department. 
Similarly, the singular role of the ABCB in assessing the suitability of ‘sustainable building’ regulation is also contrary 
to this sustainability principle. It further indicates that any council for sustainability which would administer a NSDS 
would be on a policy collision course with NCC under present conditions. This situation may have contributed to the 
demise of the Intergovernmental Committee on ESD which reported only once to the heads of government in 1996 
on progress of the NSESD before it was dissolved. 
 
Energy efficiency regulations demonstrate how a broad national policy targeted to reduce greenhouse gas emissions  
has been diminished, in the case of residential buildings, to little more than an exercise in building physics of 
predicting heat flows, solar gains and passive solar principles. The extent to which these regulations contribute to the 
reduction of CO2 emissions is unknown since the objective of the regulations permits little in the methodology to 
address emissions, and no post occupancy evaluations have been undertaken to verify or falsify the predictive 
simulation models. After three years of application the regulations have taken on a life of their own and spawned a 
burgeoning consultancy industry specialising in software application for building certification. Progress in the field 
now consists of tweaking the simulation models, adding increasing regulatory complexity and cost to the process. 
Wording of the original political policy announcement, which followed into the National Greenhouse Strategy and 
finally into the regulatory objectives, may well account for this outcome. Likewise, wording of the objective in South 
Australia’s water efficiency regulation appears unnecessarily restrictive and convoluted to an observer anticipating 
water saving measures in accordance with the Water Proofing Adelaide strategy. It is only after reading the strategy 
document and finding that rainwater tanks are not mentioned anywhere in the voluminous discussion that a different 
reason may be ascribed to wording of the regulatory objective. These actions clearly contradict several sustainability 
principles, and it therefore seems reasonable to ask questions of the relationship between political intent and 
regulatory objectives in the case of these environmental issues. 
 
Competition between the national building code and the States to regulate environmental issues in respect of building 
development is another example which is contrary to the sustainability principle which require vertical integration of 
policy starting from local communities through to Local, State and Commonwealth government levels. UN Guidelines 
recognise the special challenges faced by federal systems of government yet conclude that there must be a will by all 
parties to overcome these obstacles. The sustainability principle of political commitment addresses this issue. Twenty 
years ago the Australian States expressed a common desire to create nationally uniform technical provisions for their 
building codes. Today it is clear that they do not have the same common desire with respect to environmental control 
of buildings. 
 
In the same sense that sustainability requires vertical integration at local, state and national policy making scales, it 
also requires horizontal integration across industry, business and community sectors, and balance across economic 
sectors. This necessitates that any move toward sustainable building would require that it understand its contribution, 
relative to other sectors, to the nation’s overall environmental, social and economic performance. Groundbreaking 
data provided in Balancing Act (CSIRO 2005) may well provide a valuable starting point for this. Such a process is 
needed to accord with the sustainability principle of balance between environmental social and economic aspects so 
that resources are used where impacts are greatest. 
 
CONCLUSION 
Australia’s commitment as a nation to embark on a path of development which will provide future generations the 
opportunity to live a healthy, prosperous life in harmony with nature, as we do, depends on our actions. We already 
have the knowledge and resources to pursue a nation-wide course of sustainable development. While the principles 
of sustainable development are at hand, the examples in this paper suggest that the greatest impediment to progress 
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is connected to political awareness or intent and misleading regulatory labels of sustainability. In such circumstances 
no amount of regulatory intervention at State or Commonwealth level claiming to address sustainability is likely to be 
effective, and no substantial framework for sustainable building is likely to evolve. It is therefore concluded that the 
only way to move toward sustainable building in a meaningful way is for educators and practitioners of architectural 
science to lobby for an effective Australian National Sustainable Development Strategy – with a very loud voice. 
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ABSTRACT: Residential development within heritage conservation areas is regulated by Development 
Control Plans (DCP), which provide guidelines about the shape and form that new houses, alterations 
and additions should take (DIPNR 2004). By understanding that the visual amenity of streets within a 
city plays an important role in creating a sense of place and community for its citizens (Lynch 1960) 
they attempt to sustain, through regulation, an urban pattern that has become valued by the 
community. 
 
This paper, being the third in a series of papers delivered at Anzasca conferences, will build on an 
established interdisciplinary approach, utilising architectural knowledge and computer imaging to 
evaluate the visual character of detached housing within a heritage conservation area. The visual 
environment is assessed using computer software developed to locate the visual boundaries within a 
view or elevation. Aerial views of the streets and houses are also analysed using the established 
image segmentation methods, extending the spatial assessment of a streetscape beyond the purely 
visual information derived from walking through it.  
 
 
Conference theme: Digital 
Keywords: Streetscape, visual analysis, architectural style 
 

INTRODUCTION 
How new buildings relate to existing urban settings has become an important point of debate in architectural, 
planning and public policy forums (Groat 1988). In difference to new buildings within the natural landscape, or those 
that are visually removed from the public space of the street, buildings that infill urban and suburban streets visually 
relate to nearby buildings and become part of the existing streetscape. 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 effect of proposed building works within a streetscape, this 
definition becomes a critical and potentially costly factor (VicD.I. 2001; DIPNR 2004). Such policies and practices 
signal the importance of determining some measure or dimension that could be used for describing or defining the 
visual character of a streetscape. Only by defining these processes more clearly can creative solutions be found for 
new buildings in areas with a well-established street character (RAIA 2004).  

1. VISUAL CHARACTER OF THE STREETSCAPE 

1.1. Qualitative measures 
While planning diagrams concentrate on the functional and formal requirements of the built landscape, little attention 
is given to obtaining information about the visual character of the urban environment. Aside from issues purely 
concerned with visual character, knowing the shape and materials of the built environment might inform urban 
sustainability issues such as space and energy consumption. Fisher-Gewirtzman, Burt and Tzamir (Fisher-
Gewirtzman 2003a) adds that “quantitative parameters” such as: the penetration of natural light, wind intensity and 
density measurements, need to be related to other physical and psychological “qualitative parameters” such as 
texture, privacy, colour, and nostalgia. Quantitative measures such as the height of a proposed building and other 
density measures can be determined quickly and accurately. However, measuring the qualitative aspects of the built 
environment, such as visual character, are open to the interpretation of the individual. Because they are difficult to 
measure they can be overlooked, resulting in changes that disassociate residents from their “place based 
communities” (Hull IV 1993). In cases where the character of a street or locality requires improvement, the challenge 
is to identify the physical attributes of the preferred character while developing the broader infrastructure and amenity 
within the locality (Townsend 2001).  

1.2. Analysing visual character 
Establishing the existing visual character of a streetscape involves a two-step process. The first might be considered 
as a visual reading of the elements within the streetscape, a process that by its description might allow an objective 
analysis and a measurable outcome. The second stage involves a decision about the importance of the patterns of 
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elements in relation to others (VicD.I. 2001; Alexander 2003; DIPNR 2004). This second stage of the process may 
remain a subjective analysis; the emphasis that each local government authority places on the importance of visual 
character will change, as will the meanings that each individual takes from a given scene. However, for buildings to 
be approved, planning authorities must assess these qualitative aspects of existing urban areas such that decisions 
can be made about proposed changes. It is this first stage that our research is concerned with, and in particular how 
the visual properties of a streetscape might be interpreted without first having to interpret its ‘style’.  
 
When new buildings are proposed in heritage conservation areas, development is regulated by Development Control 
Plans (DCP) that provide guidelines about the shape and form that new houses, alterations and additions should take 
(DIPNR 2004). By understanding that the visual amenity of streets within a city plays an important role in creating a 
sense of place and community for its citizens (Lynch 1960) they attempt to sustain, through regulation, an urban 
pattern that has become valued by the community. This paper will build on an established interdisciplinary approach 
utilising architectural knowledge and computer imaging to evaluate the success of regulation in sustaining the visual 
character of detached housing within a heritage conservation area.  

1.3. Representing the visual surfaces of urban areas within computer models  
Planning authorities use maps of land-use and density, studies of traffic movement, landscape details, topography, 
and other physical characteristics of the urban environment to understand the impact of a new development (Batty 
2000a). Computer models have been implemented within the planning process to provide flexibility in the way that 
proposed buildings might be visualised, and alternatives be compared (Dodge 1998). Some models are essentially a 
visual interface for complex and interrelated social and regulatory data, and are not intended to depict a visual reality 
(Batty 2001b). They use the visual interface of the city map to manage the complexity and more quickly establish 
trends and patterns within the data. Torrens (Torrens 2000) believes however that there is a need to develop realistic 
three dimensional models of spatial complexity that begin to represent the surfaces of urban space. Models of this 
type would then allow the visual qualities of streetscapes to be reasonably represented. Models that represent 
buildings as prismatic shapes with little or no surface characteristics may be useful at the scale of the city, but convey 
little information about how it might actually feel to walk down a street (Bishop 2003). While some recent software, 
such as Canoma and Photomodeler, can take advantage of the regular shape of urban structures and construct 3D 
models from just a few images, the use of aerial photographs of the same scene taken from different positions has 
been the main source of data for 3D models (Batty 2000a). An aerial photograph of a building presents the surface of 
the elevation as a near vertical surface, with roof overhangs and similar structures sometimes preventing accurate 
information being obtained at all (Batty 2000b).  The draping of prismatic forms derived from aerial photography with 
textures generated from ground based images can represent complex façade details quickly, and can overcome 
some of the problems with purely aerial based representation. Using complex processing techniques to locate 
matching points in space, common building forms can be accurately represented; those that are more unique are still 
difficult to accurately represent using these techniques. While the photographic coverage of the urban terrain is 
increasing, information about the elevation of surfaces in urban space lacks sufficient content or resolution to allow a 
detailed visual analysis (Bishop 2003). Automated and sophisticated laser mapping techniques, discussed by Freuh, 
Jain, and Zakhor, (Frueh 2005) for example, will eventually provide detailed information about the existing visual 
character of streets. Although how this information might be used for the analysis of visual character is the primary 
concern of this research project. 

1.4. Surfaces of the streetscape 
Urban open spaces are usually defined by the volume of empty space separated by the built surfaces. Teller (Teller 
2003) reflects on this stating that the form of a space is characterised by the relationship of “filled elements” that are 
within it. Salingaros (Salingaros 1999b) similarly states that it is the information within the surrounding surfaces of the 
open space that is perceived, and is of greater importance than an analysis of a plan that is not perceived at all. 
While Hillier (Hillier 1984:p1) rejects this based on a building’s purpose, which he states is to transform space. The 
importance of visual perception to inform a building’s purpose has been discussed by Lynch (1960:p4) and Venturi 
(1966:p19 in some detail. Differentiations in the surface of the open space caused by colour, texture and 
ornamentation are considered significant subdivisions within the surface of the streetscape even when their effect on 
its form may be minimal (Moughtin 1999; Salingaros 1999b). Surfaces of the open space that are orientated 
perpendicular to movement create a local spatial boundary (Salingaros 1999b); a spatial type that Alexander calls 
“positive space”, which is a fundamental property of coherent urban spaces.  Theil, Harrison and Alden (Theil 1986) 
state that the visual boundaries within the surface of a space define its degree of enclosure in a more significant way 
than simply determining how large it is. Research undertaken by Al-Homoud, and Natheer (2000) supports this by 
finding that vertical objects ‘determine our perception of spatial enclosures’ more than horizontal elements within 
urban spaces do. 

1.5. Texture of the streetscape 
Texture is a property of all surfaces and is one of the characteristics used to identify visual regions bound by edges 
within an object. Depending on the scale of the visual information, both symmetry and simplicity can be accounted for 
in terms of analysis of texture (Schira 2003). It can be described as the ‘structural arrangement of a surface and the 
relationship that one arrangement has with others surrounding it’ (Schira 2003).  
 
So does replicating a Federation house within a streetscape dominated by federation houses provide a satisfactory 
outcome for the visual character of the street? This is a debate with wide ranging views, but from a planning 
perspective, replication of an existing style is considered an acceptable and often desirable solution (Alexander 
2003). Architects might disagree with the premise of this planning solution (RAIA 2004), but to satisfy the 
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requirements of the planning process, the visual qualities of contemporary buildings must be understood, and they 
must be understood in relation to the existing visual context.  
 
Craglia, Leontidou, Nuvolati and Schweikart (Craglia 2004) reflect on the “reinvention of tradition as one of the 
strategies to enhance visibility” based on the market driven by the “urban tourist”, as opposed to the more traditional 
resident. These sometimes conflicting requirement of the city have drawn a distinction between the modernist 
tendency to regulate space based on zoning to a post-modern approach where “fragmentation, urban mosaics and 
the colourfulness of cultural difference” (Craglia 2004) are encouraged. Craglia et al. point out that this “recognition of 
differences has resulted in a cultural shift in urban studies with the city analysed as a work of art, a representation, 
and a text, that take different meanings for the various actors in it’. Urban planning ideas originally proposed by Sitte 
(1945), Lynch (1960), Jacobs (1961) and Alexander et al. (1977) are now being discussed from a commercial point of 
view (Craglia 2004). 
 
However, Hildebrand (Hildebrand 1999) offers a reflection on this; he maintains that successful architecture results 
from an abstract drive to impose patterns on surfaces, that otherwise appear to be random acts of inhabitation. These 
patterns are the physical attributes of buildings, and help to identify visual regions of interest, that subsequently make 
them appealing or not (Schira 2003). Salingaros (Salingaros 1999b) comments that contemporary building materials 
and methods used to replicate traditional façade styles might ‘minimize the information field’ and subsequently not 
provide the visual field associated with the traditional building. This is an important issue and expands the discussion 
of streetscape character beyond purely the formal attributes of buildings. 

1.6. The significance of detail within the façade of buildings 
Many researchers have shown that the character of a building often depends on the detail within its façade (Stamps 
III 1999). For instance, Brolin (Brolin 2000) suggests that the visual texture ‘composed primarily of small scale details’ 
is the most critical factor to consider when locating a new building within an existing built context. Methods used in 
architecture to determine scale within a building include massing, where the largest scale is usually defined by an 
outline of the building itself (Salingaros 2000b). Elements within the façade such as openings, detail, trim and the 
material itself will then successively identify smaller scales.  
 
Symmetry is a condition of massing and is manifested through the recurrence of shapes in a regular way, and can 
help connect elements forming a single element at a greater scale (Salingaros 2000b). Once formed, this 
arrangement can be thought of as modular, repeated through the ‘economy of thought and action’ (Salingaros 2001) 
Bentley (Bentley 1987) suggests that ‘richness’ can be created through details within the walls that incorporate 
patterns of material and colour. Moughtin et al. (Moughtin 1999:p25) suggests that decoration, ornamentation and 
articulation within a building’s façade is the ‘means by which a variety of visual experiences are introduced to the 
viewer’. Hull et al. ((Hull IV 1993) found that decorative style or other distinguishing physical characteristics were 
highly valued by the residents of houses, and were perhaps highly valued because they distinguished one place from 
another. 
 
Stamps states that while empirical work on architectural detail is sparse it tends to support the hypothesis that ‘detail 
is an important part of preferences for buildings’ (Stamps III 1999). Salingaros (2003b) reflects that ornamentation 
‘connects us to our environment’. Also, that successful building facades within an urban space feature a ‘continuous 
swath of high-density visual structure that the eye can follow in traversing their overall form, or focal points of intense 
detail and contrast arranged in the middle or at the corners of regions’ (Salingaros 2003b). He has shown that 
ornament and decoration ‘subdivide building façades on many different scales’ and that the most effective 
hierarchical scaling creates a fractal geometry (Moughtin 1999; Salingaros 1999b) which is independent of any 
associated scale.  
 
The location of larger details within the façade such as doors and windows are important elements within the urban 
fabric as they offer the opportunity for natural surveillance of the urban space, reducing the likelihood of crime 
(Newman 1972:p80). Whether actual surveillance takes place may be difficult to determine, but the capacity for 
buildings to provide the opportunity is an important aspect of ‘natural surveillance’ (Newman 1972). 

1.7. Streetscape as text 
Venturi, Scott Brown, and Izenour (Venturi 1977) argued for the ‘symbolism of the ugly and ordinary in architecture… 
for the decorated shed with a rhetorical front and conventional behind’. Harries (Harries 1997) reflects on this 
suggesting that this is not so much a demand for decoration but ‘a refusal of what is experienced as the muteness of 
modern architecture, with a longing for architecture as text, for buildings carrying messages that can be read in some 
sense…”. The ‘text’ in this sense is not something that is fixed to the external surface of a building, but is essentially 
carried by its form (Harries 1997). Boyd (Boyd 1968) criticised the addition of ‘features’ to a suburban house as a 
concealment of its basic structure, however as Fiske (Fiske 1987) points out it may be that “the ‘features’ typically 
express a critique of dominant structures and dominant meanings”. Reflecting on this, and considering the social 
relationship a house has with the street, perhaps the most appropriate ‘feature’ for critique becomes the deeply 
covered entry space typically found at the front of a ‘bungalow’ cottage (Purser 2003). Its openness to the street, 
allows ‘introductions to be made and visitors… received in an informal manner without the obligation to introduce the 
visitor into the house’ (Drew 1992) i. From this space the owner can observe the public space of the street and, from 
the perspective of a passer-by, become part of the streetscape. It invites the public to share symbolic possession of 
the space through active or passive surveillance, however it remains privately controlled (Watson 1994). This 
relationship suggests that the owner of the house has some obligation to allow visual access for the public, and in 
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return, the owner has a right to view the public, and exert their influence over that common space (Fiske 1987). Talen 
(Talen 2005) states that this conversation at the level of the streetscape is important for social interaction and ‘good 
urban form’.  

1.8. Visual segmentation of the streetscape 
Stamps (Stamps III 2003) developed an alternative parsing technique which involved the counting of defined 
elements within a building’s façade. By sequencing elements such as a ‘square window’ within an abstract computer 
drawn streetscape, he was able to determine a value for the entropy of any given arrangement. He then used the 
image of the streetscape to derive human responses of desirability, and together with the calculation of visual 
diversity was able to link visual diversity with desirability.  
 
Stamps (Stamps III 1999) used a theory of visual septaves originally developed by Van der Laan to determine how 
the number of elements within the façade change at regular scales of one seventh. This is based on the assumption 
that it is easier for the mind to comprehend groups of similarly sized elements than a group of elements with no 
shape similarity. This concept can be extended beyond an analysis of a single dwelling and incorporate nearby 
dwellings. For instance a new building within an existing streetscape may appear to more parts of the streetscape if 
the size of some of its elements match those of the existing context. Such a premise reinforces research conducted 
by Groat (1988), wherein twenty-five images of urban scenes were compiled that showed a variety of infill situations, 
ranging from those that appeared to reflect the immediate context, to those that were very different. Through an 
interview process that involved residents, and people directly involved in the planning process, she showed that 
design strategies that embodied a ‘high degree of replication, especially in aspects of the façade design’, (Groat 
1988) were consistently preferred over other design strategies such as site organisation and massing. This is 
supported by other researchers (Moughtin 1999; Brolin 2000) who state that details within the façade are a critical 
part of contextual design. However, Groat’s study also showed that designs that had some form of façade replication 
together with a strategy for site organisation and massing were the most preferred. 

1.9. Visually assessing the character of a streetscape  
Ellefsen (Ellefsen 1991) states that planning authorities have a need for specific and objective information about the 
character of urban buildings and their settings when they undertake studies of the local environment. Understanding 
that the visual characteristics of streetscapes effect social life within the street has been recognised as an important 
way of revitalizing urban areas that are socially dysfunctional (Healy 2004). However, methods that clearly articulate 
how the physical character or aesthetics of a streetscape might be evaluated and then compared with another are 
difficult to find. Lillis, and Pourmoradian (Lillis 2001) found that techniques currently used for streetscape analysis did 
not establish the basic information required by planning authorities and community groups for informed decision 
making about changes to the streetscape. They proposed a “toolkit” that relied on a checklist of commonly found 
elements within the streetscape. An individual would use the checklist to record the visual aspects of the street, but 
how this information would be used by a designer to develop a new design is difficult to understand. As Stamps 
(Stamps III 2003) reflects, those verbal and notated descriptions will eventually become ‘physical materials in 
physical space’.  
 
So while this information might enable the development of a database of elements within the streetscape, by not 
visually recording the information within the street (using photography); the database would retain a subjectivity 
based on the expertise of the assessor; while the checklist could never be so comprehensive to actually record the 
varied and intricate relationship between elements within the streetscape (Tucker Ostwald Chalup Marshall 2005). A 
photograph only records a two dimensional frame of a part of the streetscape, but it has the benefit of recording the 
complex relationships of visual elements in a detailed way (Tucker 2004). If this visual field is analysed using 
algorithms that segment the image in a way that identifies the visual boundaries within the image (Tucker Ostwald 
2005), then the elements are recorded without having to first identify and catalogue them. Also whatever the visual 
qualities of the streetscape may be, they need to be considered as part of its visual complexity and must necessarily 
be recorded (Alexander 2003; DIPNR 2004). Without using photography it is difficult, cumbersome and intrusive to 
describe the visual nature of an element in sufficient detail for it to actually be useful. For instance the size of a 
window might be described in a statement, but its detail (as a unit and placement within the wall), its relation to other 
elements, material qualities and degree of weathering (which all effect the visual field) are best recorded using 
photography. 
 
Visibility analysis supported by computer algorithms makes it useful for a comparative analysis because the 
representational and symbolic meanings attributed to a building play no part. The organisation of the elements can be 
analysed without having to interpret them at the beginning of the process, and any part of any streetscape can be 
assessed using the same processes. This is not to say that representational meanings are not important to the visual 
character of a streetscape, but that an interpretation of these elements might follow such a visual analysis. Venturi 
(Venturi 1966) and Rapoport (Rapoport 1990) refer to this complexity of meaning as a visual ambiguity, a 
juxtaposition of the physical reality of an image and what it ‘appears’ to be. 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. Rapoport however 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).  
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2. DISCUSSION 

2.1. Assessing the visual properties of streetscape images 
Computer software has been developed that utilises architectural knowledge and computer imaging to analyse 
images of the streetscape. The images and description below shows the different ways that the image is analysed to 
reveal some of its visual properties. Figures 1 – 9 are analysis of the image shown in Figure 4. 
 
 

      
       Figure 1 Fractal calculation  Figure 2 3D Hough accumulator array Figure 3 2D Hough accumulator 

 array 

2.2. Fractal dimension calculation using an automated box counting method 
Figure 1 shows a calculation of the fractal dimension using the box counting method. The automated technique 
develops the work undertaken by Bovill and Weidemann (Bovill 1996) and uses methods developed by Fouroutan, 
Dutilleul and Smith (Foroutan-pour 1999) to determine the best approximation for the fractal dimension. Salingaros 
West (Salingaros 1999a) has discussed the relationship between a higher fractal dimension and successful urban 
spaces. 
 
 

      
           Figure 4 Original image        Figure 5 Edge detection          Figure 6 Box counting 
 
 
 

       
            Figure 7 Hough, 80 lines         Figure 8 Hough, 40 lines           Figure 9 Hough, 11 lines 

2.3. Horizontality and verticality assessed using the Hough transform 
Figure 4 shows a contributory house within the Hamilton South conservation area in Newcastle. The front elevation 
has been analysed using the Hough Transform; an algorithm that detects the likely direction of a line that any pixel in 
the image might be part of. Such an examination of all possible lines in an image generates a diagram (Fig 2 & 3) 
called the accumulator array, which shows the angle and distance of all pixels within detected lines from a 
predetermined origin. Lines with the greatest number of edge pixels within them appear as points with varying heights 
(Fig2). This processing provides a ‘map’ of the image that can be compared with other image maps to find where 
similarities and differences between images occur. Software is being developed to find these overlaps between 
multiple images and cluster them into groups that share this particular visual characteristic. 
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Figures 7, 8 and 9 show the inverse Hough transform that shows the dominant lines detected within the image back 
over the image itself. Figure 7 shows the 80 top lines, Figure 8 the top 40 lines, and Figure 9 the top 11 lines ii. 
Determining whether an image of the streetscape exhibits more horizontal or vertical lines can be related to feelings 
of privacy (verticality) or publicity (horizontality) (Al-Homoud 2000). Figures 10 &13 show neighbouring houses that 
would have been constructed at the same time, and in the same way, but have undergone different methods of 
alteration. The differences in horizontal and vertical elements are shown clearly with the hough transform analysis 
shown in Figures 11, 12, 14 & 15. Using this method the detail within the façade is emphasised over the formal 
structure. 
 
 

       
         Figure 10 Original image     Figure 11 Hough, 80 lines       Figure 12 Hough, 80 lines 
 

       
         Figure 13 Original image     Figure 14 Hough, 80 lines       Figure 15 Hough, 80 lines 

2.4. Colour segmentation based on user selected classification 
Grouping colours within the image that represent a particular characteristic provides information about the distribution 
of a particular characteristic. For instance Fig 16 shows an aerial view of the Hamilton South Conservation Area 
(HSCA marked with black outline). The HSCA has reasonable planning controls but does not differentiate between 
areas within the conservation area that might have a different visual character. The visual character does appear to 
gradually change when assessing the streetscape, however by analysing the aerial map using colour segmentation 
differences become clear. Fig 17 shows an analysis that distinguishes between the colours of road (25%), terracotta 
rooves (17%), metal rooves (15%), tree’s (19%) and lawn (24%) and provides data on the number of pixels that have 
that colour characteristic. The analysis shows in Fig 18 that the naming of a suburb has a marked effect on the style 
of dwelling that was constructed in the area – the black outline showing the suburb boundaries. Metal rooves (+ 
timber walls) dominate in the suburb of Merewether compared with the terracotta rooves (+ masonry walls) of houses 
in Hamilton. 
 
 

       
       Figure 16 Conservation area      Figure 17 Colour segmentation       Figure 18 Suburb layout 
 
The software allows any image to be segmented by colour classification. Through the image on the screen, one can 
establish a classifier, such as road, and then click on parts of the image that correspond to that classification. The 
software then sorts every pixel in the image into the different classifications that have been made.  
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2.5. Future work 
The different methods of visual analysis outlined in this paper are being brought together as a single platform. The 
analysis of an image will provide a data file whose characteristics can be grouped with other data files, allowing 
visually similar (and dissimilar) images to be recognised. For proposed changes to the streetscape, the analysis of 
style and formal characteristics of an existing area might also include an analysis of their visual characteristics.  
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i When Murcutt cut this space away from the bungalow house he ‘straightened it out and discarded the unwanted core of the house’ 
(Drew 1992), he also removed its physical nature, and its function. The palette of materials changed from masonry and 
weatherboards, to metal and glass shutters. Its function as an entry, and as a social space within the public realm of the street, was 
given over to the private spaces of the house.  
 
ii Pixels within horizontal and vertical lines are given priority over angled lines, this is a variable within the software interface. 
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ABSTRACT: The following paper discusses the impact of suburban life for adolescents in relation to 
public transport and pedestrian access. The research compares the morphology and level of 
connectivity of two planning models, cul-de-sac and regular grid, with respect to two suburbs which 
share a similar socio-economic profile, Rowville and Caulfield. These are subsequently evaluated in 
terms of ABS statistics, in particular year 12 or equivalent levels of education, and transport statistics. 
The results of the investigation are discussed in reference to the four key tasks of adolescence (Carr-
Greg & Shale 2002)¹, in order to establish the degree to which morphology and access levels of 
suburbs impact on adolescent development. 
¹Carr-Gregg, M. & Shale, E. (2002) Adolescence. A Guide for Parents, Finch Publishing, Sydney. 
 
Conference Theme: Human issues: social, cultural, economic, thermal comfort. 
Key words: suburban life, public transport, education 
 
 

INTRODUCTION 
While the concept of sustainable residential development is often associated with optimal building performance, both 
with respect to their procurement and post occupancy evaluation, it would seem that these issues have little 
relevance if the context or neighbourhood plan structure are unable to sustain the social well being of its user groups. 
The need for public transport improvement in the outer suburbs of Melbourne has been well established. The 
dominant trend is for families to compromise on access to services for the sake of more affordable, larger housing.  
While larger housing may be considered by many to better suit the needs of adolescents, there appear to be a 
number of disadvantages that result from compromising access to both services and public transport.  These include 
the following: 1) Parents must travel further to work and are therefore less available to their children for monitoring 
and support; 2) Adolescents reliant on their parents for transportation, due to poor public transport, are potentially 
isolated during this phase in their development when making connections outside the family home. The dependence 
on parental transport to access community services may, in some instances,  undermine the ability of adolescents to 
establish their social and emotional independence from their parents - a central task of adolescence (Carr-Gregg & 
Shale, 2002:72). 
 
Potential isolation may affect the ability of adolescents to: perform well in their studies; develop safe and selective 
social connections; and have access to, and participate in, a range of diverse activities. 
 
In contrast, this potential isolation, with all its related disadvantages, may be less prevalent for adolescents who 
reside in inner Melbourne grid suburbs, where there is a far greater level of access to higher levels of public transport 
and services. 
 
This study presents a methodology for comparing the level of use and access to public transport and how that may 
impact on the social well being of adolescents living in large scale cul-de-sac suburbs with regular grid planned 
developments in relation to the key tasks of adolescence according to Carr-Gregg & Shale. The research is based on 
the different levels of connectivity and permeability presented by the two plan types with respect to: pedestrian and 
public transport accessibility; and access to community based services and facilities. The central hypothesis is that 
adolescents who live in outer cul-de-sac developments are disadvantaged in terms of accessibility in comparison to 
adolescents living in regular gridded neighbourhoods which offer greater levels of permeability.  For the purposes of 
this study, adolescents are defined as young people aged between 15 and 18 years. 
 
1. BACKGROUND 
Typically, parents residing in the outer suburbs work at significant distances from the family home(HALCS, NHS, 
1991) and hence are often unavailable to support the transport needs of their children. In some cases, this translates 
to their social-emotional needs as well.  Whilst access may not be the only factor which contributes to the 
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development of social and emotional independence , indicators such as the percentage of people 15 yrs and older 
with Year 12 or equivalent education, and youth crime statistics, appear to correlate with the level of connectivity of a 
suburban plan arrangement and the provision of public transport.    
 

‘Until about 1950, residential development more or less followed the major bus, rail and ferry systems. 
However, since then much of the growth has continued beyond ready access to public transport, a 
development which has been made possible by the increasing use of the private car‘.(NHS, 1991 : 64) 

 
It has been demonstrated that throughout post war suburban development, adolescents are a demographic that can 
be described as the ’transport poor’(Morris, 1981) due to the reliance on the private car as a suburban mode of 
transport and their inability to gain access to independent car travel before the age of 18 years in Victoria. This is 
compounded by the extended distance from employment commonly found for those living in suburban areas and the 
low public transport usage for the trip to work. Therefore adolescents during the working week are, for the majority of 
the day, dependant on how far their legs or bike can carry them, public transport, or a stay-at-home parent who may 
or may not have access to a second car. This dependence on a parent or gaurdian old enough to drive a motor-
vehicle hinders adolescents from achieving the key tasks of development according to Carr-Gregg & Shale, these 
are: to form a secure and positive identity, to achieve independence from adult carers and parents, to 
establish love objects outside the family and to find a place in the world by establishing career direction 
and economic independence. 
 
The importance of the pedestrian walking distance has been a focus of many post-war suburban design strategies. 
This has been a response to the need to improve mobility in isolated suburbs suffering from the picturesque, yet 
indirect curving road and cul-de-sac layout reflecting the Garden City Movement ideals during the time influenced by 
Frank Lloyd Wright (Freestone,1989) through the development of the motor vehicle. These suburbs were designed 
around the cul-de-sac to shelter children from traffic. The issue of reducing traffic and the reliance of our society on 
the motor vehicle has been a well discussed issue in the media and by many environmental groups and seen as a 
need for our development into the future by such proposals as Melbourne 2030. 
 
Correlations between family management and community factors in terms of predictors of juvenile delinquency have 
indicated that a lack of child monitoring is correlated with juvenile delinquency. The ‘need to belong’ and the 
importance of connectedness and the peer group for the adolescent is well-established in the literature (Carr-Gregg & 
Shale, 2002:72). It would seem reasonable to suggest that the lack accessibility to others (friends, community 
groups, sporting and other activities) may result in boredom and antisocial behaviours. However, there is little 
research that investigates how the improvement of accessibility for youth may impact on delinquency levels. Crime 
statistics in Victoria point to an alarming trend in youth crime. Those in the 15-19 year age group are the largest 
demographic in terms of alleged crimes processed throughout Victoria. Whether there is any correlation between this 
high level of crime in this age group and the lack of accessibility to public transport linked with suburban living is yet 
to be investigated.  
 
This study attempts to explore this deficiency in the existing body of research by evaluating and comparing different 
areas of suburban development with respect to public transport and pedestrian accessibility. The research focuses of 
two case studies, Rowville and Caulfield, which were evaluated on the premise,  that outer suburban areas with cul-
de-sac planning create poor public transport access and therefore disadvantage adolescents relative to those living in 
grid-style inner suburban areas with significantly higher levels of access to services and support networks. 
 
2. METHODOLOGY 
The methodology used in this study involved four different types of analysis which were applied to both of the case 
studies used in the research.  These are the following:  Visual analysis, Statistical analysis, Access analysis and 
Comparative analysis.  
 
Each case study, one an outer-suburban area, Rowville, and the other an inner suburban area, Caulfield, are 
considered separately with respect to:  

Street forms and shopping centre designs 
Aesthetics 
Implications of different zoning patterns 
Significance of location of civic buildings 
Demographic data 
Education and employment data 
Crime data 
Transport use data 
Suburban growth unsupported by infrastructure 
Implications for use of public spaces and recreational centres 
Access to schooling and choice 
Travel distance from work and implications of lack of parental supervision 
Overall access and frequency of access to public transport 

 
The study concludes that there is evidence to support the hypothesis that adolescents living in large scale cul-de-sac 
suburbs are disadvantaged relative to those living in inner, regular grid suburbs due to inadequate access to public 
transport and services.  
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2.1. Visual Analysis 
The visual analysis is informed by photographic analysis of both residential and commercial building typologies and 
the analysis of public spaces in terms of their use by the community. 
 

2.1.1. Visual Analysis of Public Space 
The visual analysis of public spaces is based on an aspect of a previously tried and tested methodology 
“Public spaces and public life: City of Adelaide: 2002” (Gehl, 2002: 10). This identifies categories of user 
groups and activities in public spaces. 
 
This allows observation of public places in terms of different user groups at different times of day and also the 
ability to analyse the type of activity partaken by user groups allowing the level of social interaction and 
recreation to be observed. To create particular relevance to adolescents time periods of observation are 
categorised by school hours, afterschool hours and weekends. The areas chosen for comparison in the two 
suburbs have been chosen for their similar characteristics. Stud park and Caulfield shopping centres are both 
commercial centres for the surrounding residential areas. Arcadia Reserve and Glen Huntly Park both exhibit 
play equipment for children, open green space and a community group occupation, i.e. Archadia Scout Hall 
and Glen Huntly Football Club. Finally, Caulfield Park and Rowville Community Centre both provide organised 
sporting club facilities and green spaces. 

 
2.1.2. Analysis of Building Typology 
Through site visits and photographic documentation of built form a photographic analysis of the built 
environment was carried out to be compared with research regarding the time of development of the suburb. 
This allows for an analysis of the built form from simple observation and relationships to the possible 
motivators for design at the time of development. 

 
2.2. Statistical Analysis 
The aim of the statistical analysis is to establish the demographics, socio-economic status, crime rates and the level 
of use of public transport in terms of travel to work for both suburbs. 
 

2.2.1. ABS Statistics Community Profile 
ABS statistics community profiles are available to a suburban level and provide statistics in the following 
categories used: 
 
Demographics and socio-economic statistics 

Total population. 
Median age of population. 
Median weekly family income. 
Median monthly housing loan repayments. 
Mean household size. 
Number of people 15 years and over. 
Number of people between 15-19 years of age. 

 
Education and Employment Statistics 

Number of people attending secondary schooling. 
Number of people 15 yrs and over with a year 12 or equivalent level of academic achievement. 
Unemployment. 

 
Transport Use Statistics 

Total trips to work. 
Number of trips to work by different forms of transport. 
Number of motor vehicles per household. 

 
With the exception of the overall mean and median statistics, other statistics can be used to calculate 
percentage values when compared with the population so that results can be directly compared with those of 
another suburb whose population may be different in size. 
 
2.2.2. Crime Statistics 
The Victorian Police Statistical Division publishes basic crime rates per post code allowing a simple 
comparison of crime rates between suburbs.  
 
The statistical results can then be compared between the two suburbs, and similarities and differences 
identified. 

 
2.3. Access Analysis 

The analysis of access to services is related to the following factors:  
1) Frequency of public transport , in terms of number of departures;  
2) Pedestrian access to public transport, in terms of 400m walking distance;  
3) Efficiency of public transport, in terms of the types of public transport;  
4) Mapping of public spaces, in terms of their relationship with location and size; and  
5) Mapping of educational facilities, in terms of their relationship with location and size. 
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2.3.1. Pedestrian Access to Public Transport 
Public transport connectivity is more difficult to determine, as previous detailed research into the level of 
connectivity of the suburbs of Melbourne is not available. As part of the course of this research maps 
reflecting the areas accessible by pedestrians within Caulfield and Rowville are to be produced to determine 
the level of accessibility. The mapping of actual stops where possible, rather than routes, allows for an 
accurate walking distance from public transport to be established. A 400m walking distance is to be used as 
this has been well established as a reasonable walking distance by Melbourne 2030 as well as the Pedestrian 
Pocket Strategy.  
 
This study is relating directly to adolescents, who do not have access to a car. For this reason transport maps 
will reflect school hours, non-school hours and weekends.  

 
2.3.2. Efficiency of Public Transport 
Different modes of public transport have different levels of efficiency as a result of the level to which they are 
traffic dependant. This is a factor to be related to the types of transport used in the case study areas.  

 
2.4. Choice of Study Area 
The aim of this research is to investigate the different levels of access to services and public transport in relation to 
morphology of suburban planning. For this reason the study area was chosen following a visual analysis of a wedge 
of Metropolitan Melbourne where a clear transition from grid to cul-de-sac development is evident. The suburbs of 
Cauflield and Rowville were chosen for their comprimal population, income and housing repayments suggesting 
similar socio-economic status. Caulfield, a suburb closer to the city was developed on a grid system and Rowville a 
much later development takes on the curving cul-de-sac style of the Garden City Movement.  
 
3. RESULTS 
 
3.1. Visual Analysis 

3.1.1. Visual Analysis of Public Space 
 
South Caulfield Shopping Centre and Stud Park Shopping centre 

During all time periods observed (weekend, weekday during school, weekday after-school, evenings), both 
locations exhibited everyday and necesary user activity. Caulfield also exhibited recreational activity and 
users not present in Stud Park.  This could be due to design, Caulfield Shopping Centre is a thoroughfare, 
whereas Stud Park Shopping centre is an activity centre which is driven to specifically. 

 
Caulfield Park and Rowville Community Centre 

During weekend and school hours, Rowville and Caulfield exhibited necessary and everyday users whilst 
Caulfield also exhibited recreational users not present at Rowville.  During after-school hours,Rowville and 
Caulfield have similar levels of activity and use with everyday, necessary and recreational users present at 
both locations.  However, during evenings while Caulfield continued to display everyday,necessary and 
recreational activity, Rowville shows no activities or users.  This could be due to poor lighting conditions 
prevelant in Rowville and the use of the centre for pre-organised after-school activities. 

 
Arcadia Res and Glen Huntly Park 

Arcadia Res remained unused during all times of observation while Glen Huntly Park was utilised by 
recreational users during all times other than weekends. This suggests that perhaps the Scout Hall at 
Arcardia Reserve is underutilized. 

 
3.1.2. Photographic Analysis of Building Typology 
The major difference between typologies is the amount of room dedicated to the motor-vehicle. Rowville 
residential and commercial typology is influenced heavily by the motor vehicle and large areas of the built 
environment are dedicated to servicing this transport. Caulfield has significantly lower levels of parking space 
with on street parking and one car garages/carports being the predominate form of vehicle storage. 

 
3.2. Statistical Analysis 
 

3.2.1 Community Profile Statistical Comparison 
Housing repayments and weekly family income is comparable suggesting similar socio-economic status, 
however, Rowville is populated by slightly larger households. Median age in Caulfield is older than Rowville 
and there more people in the 15 years and over age group in Caulfield than in Rowville which could be due to 
an aging population in the Caulfield area. Both Caulfield and Rowville have around 30,000 people residing 
within the suburb yet the total number of dwellings in Caulfield is much higher than Rowville suggesting a 
higher density of housing. Rowville is much more car dependant than Caulfield with only a fraction of 
households without a motor vehicle. More Rowville households own 2 or 3 cars than those in Caulfield 
However, the unemployment rate is slightly higher in Caulfield than in Rowville.  
 
There are more 15-19 year olds in Rowville than in Caulfield and a larger percentage of the population in 
Rowville attend Secondary School than in Caulfield. Despite this the percentage of people over 15 years with 
a year 12 or equivalent qualification is significantly higher in Caulfield than it is Rowville. This could be an 
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indication that the disadvantage experienced by adolescents in Rowville due to lack of public transport access 
may have an affect on academtic achievement. Whilst this is not a conclusive link it is an area that warrants 
further research. 

 
Table 1: Community Profile Statistical Comparison 

 
STATISTIC TYPE CAULFIELD ROWVILLE 
Median Age 32-43 31 
Median monthly housing 
loan repayments 

$1,200-$1,399 $1,000-$1,199 

Median weekly family 
income 

$1,200-$1,499 $1,200-$1,499 

Mean household size 2.4 3.3 
Total persons 30,041 29,621 
Percentage 15 years and 
over 

84% 71.2% 

Percentage 15-19 year 
olds 

5.9% 7% 

Percentage trips to 
work by public 
transport 

16.3% 5.3% 

Percentage trips to 
work by motor vehicle/ 
truck/ motorcycle /taxi 

65.3% 79% 

Total trips to work 14,373 14,676 
Percentage number of 
households with no 
motor vehicle 

10.9% 2.1% 

Percentage number of 
households with 1 motor 
vehicle 

36% 21.9% 

Percentage number of 
households with 2 
motor vehicle 

34.4% 54.2% 

Percentage number of 
households with 3 motor 
vehicle 

11.1% 18.5% 

Total dwellings 12,115 9,128 
Percentage Secondary 
School attendees 

6.2% 8.9% 

Percentage 15 years 
and over with Yr 12 
equivalent 

60.6% 42.9% 

Unemployment rate 5.1% 4.5% 
Source: (ABS Community Profiles, 2001) 
 
 

3.2.2 Schooling Choice Statistics 
Rowville and Caulfield have directly contrasting results in terms of secondary school attendees as the 
majority of Rowville attendees receive government education whilst the majority of Caulfield attendees 
receive non-government education. This could also be a factor in the siginificant difference between levels 
of yr 12 or equivalent education levels. Income does not appear to be a factor as both suburbs have similar 
income and repayment levels, however,  access to schooling choice in terms of transport may be a factor. 

 
Table 2: Schooling Choice Statistics 

 
Number of Students Caulfield Rowville 
Secondary   

Government 1,774 322 
Catholic 586 216 
Other Non Government 272 1,335 
Total 2,632 1,873 
Total 29,618 30,049 

Source: (ABS Community Profiles, 2001) 
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3.2.3 Crime Statistics 
The number of offences processed in Caulfield and Rowville appear to be at similar levels with Caulfield 
exhibiting a slightly higher crime rate. This slightly higher rate may be related to population density as 
Caulfield has a much higher number of dwellings than Rowville. 

 
Table 3: Crime Statistics 

 
Statistic type Caulfield Rowville 
Number of offences 1,876 1,528 
   

Source: (Victoria Police Statistical Division, 2001) 
 

 
3.3. Access Analysis 

 
3.3.1. Frequency of Public Transport 
Figure 2 below shows a comparison between the number of public transport departures at different times of 
the week for Caulfield and Rowville areas. This clearly shows a much higher level of number of departures at 
all time periods for Caulfield. 
 

Public Transport Frequency: Monday to Sunday, 
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Figure 2: Frequency of public transport – Monday to Sunday 

 
Figure 3 below compares the level of departure of the types of transport utilized in Rowville and Caulfield. 
Whilst trams and trains are not located within the suburb of Rowville  the number of departures for buses in 
Rowville is much lower than that of Caulfield’s number of bus departures despite having two other additional 
forms of transport, both of which have rates of departure higher than buses in either suburb. 
 

Frequency of Public Transport Types: Out of School Hours, 
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Figure 3: Frequency of public transport types – Out of school hours 
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3.3.3. Efficiency of Public Transport 
As Caulfield has both train tram and bus options of public transport in comparison with Rowville which relies 
solely on buses it is reasonable to assume Caulfield has a better level of public transport efficiency. The fact 
that Rowville is also a major traffic through way also adds to the traffic problems which therefore cause public 
transport problems when dealing with bus travel and its traffic dependency. 
 
3.3.2. Pedestrian Access to Public Transport 
Figure 4 below shows that comparatively, during the Monday to Saturday time period, Caulfield has 
significantly higher levels of pedestrian access than Rowville. During the Sunday period Caulfield has similar 
levels of pedestrian accessibility to Rowville, however the number of departures in the Caulfield area still 
exceeds those in Rowville.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 
 

Figure 4: Rowville and Caulfield Pedestrian Connectivity 
 
 

4. DISCUSSION AND CONCLUSION 
Despite similarities between the two case study areas in terms of income, crime rates and population levels, the 
study found marked differences in relation to access to public transport (both overall levels and frequency of service) 
in the Rowville area when compared to that of the Caulfield area. Perhaps the most revealing finding is the fact that 
the bus system in Caulfield (already well-serviced by both trains and trams) alone runs more departures than the bus 
system which is responsible for all of Rowville’s transport. This gives a strong indication that there is considerable 
room for improvement.  This clearly shows that those living in Caulfield enjoy a much higher level of service and 
access to public transport than that of Rowville.   
 
Hence, lack of access may perhaps suggest that adolescents in the outer-suburban case study, in having to rely 
more on parents for transport, might have limited opportunities in establishing independent connections within the 
community, which could impact on their self-esteem  and social well being. These correlations, when related to the 
key tasks of adolescent development (Carr-Gregg & Shale 2002)  appear to indicate that some adolescents in 
Rowville may be disadvantaged in terms of achieving these tasks when compared with their peers in Caufield who 
are able to take advantage of the access and connectivity opportunities offered by a more regular suburban plan 
arrangement, which appears to facilitate a  more comprehensive and integrated public transport service.  
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ABSTRACT: The main aim of this paper is to review the currently available assessment tools for the 
evaluation of sustainability of office buildings. All of these tools consider sustainability in terms of one 
or two aspects and exclude the other equally important aspects such as financial, social and public 
participation. None of the tools investigated provide a definitive assessment about the overall 
sustainability of the office buildings. A wide range of factors determine the overall sustainability of office 
buildings. This paper, thus, advocates the use of an integrated approach to quantify the sustainability 
of office buildings. 
 
Conference theme: The indicators of sustainable building 
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INTRODUCTION 
This paper intends to provide a critical reflection on a wide range of definitions and statements of “sustainable 
building” by conducting their qualitative analysis and then review the various available building sustainability 
assessment tools. The broad term sustainable building presents contested and confused picture. Several debates 
tend to sidestep certain important issues regarding sustainable buildings. In some instances, “sustainable building” is 
grouped with “green building” which is a fundamental misjudgement and causes confusion as the term “green 
building” do not encompass all aspects of “sustainable building”. A proper understanding of the term “sustainable 
building” can help in raising awareness of the various related issues of sustainability. 
 
The definition of sustainable building, like sustainability, has emerged from several world congresses and 
encompasses the disciplines of sustainability. Different individuals and organizations exhibit different perception and 
understanding of the sustainable buildings. This concept is also influenced by social and cultural values. Thus, there 
is no widely accepted definition of sustainable building. 
 
Green Building & Sustainable Buildings 
Green building, as the term depicts, refer mainly to the environmental aspect. It involves minimisation of pollution, 
reduction in energy use and environmental damages. The United Nations Commission on Sustainable Development 
in 1993, included economic aspect, as well: 

“to use the limited resources more efficiently and promote the solutions in economy and environment problems, 
further more to improve the living environment, is called the Green Building.” (GBC 1998). 

A statement or definition of sustainable building was described in the 2000 conference of Sustainable Building as: 
“A sustainable agenda operated on scales of materials, buildings, and urban regions, and must also include 
consideration of functional, social, economic and ecological factors. Strategies for reaching a sustainable built 
environment must reflect varied regional conditions and priorities, and different models for implementation: think 
global, act local.” (SB 2000). 

Thus, sustainable building presents a broader agenda encompassing several aspects. Therefore, to achieve a 
sustainable development in a community, the emphasis should be on sustainable building, which includes the 
community in the decision making. 
 
1. PRINCIPLES OF SUSTAINABLE DEVELOPMENT 
As the term sustainable building is a direct outcome of sustainable development, therefore, it has the same four 
principles (Cooper 1997) (Figure 1). 
 
Futurity: It gives a notion that present generations should leave to the future the ability to maintain present standards 
of living (Palmer et al. 1997, p. 88). It emphasizes upon the sustainable use of global resources such as fossil fuels, 
water, land, forests, etc. 
 
Equity: This principle emphasizes on greater equity among communities of current generation in the access to 
quality-of-life parameters (Mitchell et al. 1995, p. 116). All the communities must have equal access to the global 
resources. This prompted The Friends of the Earth Scotland to identify it as a key principle: 

“if there is a finite amount that we may consume or use beyond which we cannot go … then we must share what we 
already have far more than is currently the case. Equality of access to the world’s global resources therefore must 
be the guiding principle” (Palmer et al. 1997, p. 90). 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 382 



 
Figure 1: Four principles of sustainable development (Source: Cooper 1997) 

 
Environment: This is probably the oldest and the most publicized principle of sustainable development. It deals with 
the ecological factor and brings forward the efficient use of earth’s natural resources and minimum negative 
environmental impact by the activities. 
 
Public Participation: Public participation means that individuals should be a part of decision making for issues that 
concern them (Mitchell et al. 1995, p. 107). Its importance was realised at the Rio Declaration on Environment and 
Development (UNCED 1992) where it was added as the tenth principle and is as follows: 

“Environmental issues are best handled with participation of all concerned citizens, at the relevant level. At the 
national level, each individual shall have appropriate access to information concerning the environment that is held 
by public authorities, including information on hazardous materials and activities in their communities, and the 
opportunity to participate in decision-making processes. States shall facilitate and encourage public awareness and 
participation by making information widely available. Effective access to judicial and administrative proceedings, 
including redress and remedy, shall be provided.”. 

This principle ensures that the development is acceptable to the society and does not become the monopoly of a 
certain section of a community thus promoting equity (Kaatz et al. 2005, p. 442). 
 
2. ASPECTS OF SUSTAINABLE BUILDING 
The sustainability of a building is determined in terms of its life cycle. The life cycle is a series of “consecutive and 
interlinked stages of a product system, from raw material acquisition or generation of natural resources to the final 
disposal” (ISO14040: 1997). In terms of building, it is a time horizon which covers such stages as acquisition of land, 
pre-design, design, construction and the ultimate demolition of the building. During the life cycle of a building, there 
are four main aspects of sustainable development that needs to be considered in decision making to achieve the aim 
of a sustainable building. These are as follows: 
Environmental Aspect: The environmental aspect covers the energy efficiency, resource efficiency, pollution 
features etc., throughout the life cycle of the building. 
Economic Aspect: The economic aspect deals with the cost effectiveness (construction cost and dismantling cost, 
cost of pollution, return on investment etc.), use of recyclable and reusable material, conservation of energy etc. 
throughout the life cycle of the building. 
Social Aspect: Social aspect deals with the health of the users and their productivity, facilities for the disadvantaged 
people etc.  
Public Participation: It has been acknowledged that success of sustainable construction depends upon the 
relationship between people and construction industry. Strong relationship between several sections of the 
construction industry is required. This may need to modify the list of stakeholders who should have a say in decision-
making (Kaatz et al. 2005, p. 447). Public participation allows the views and concerns of the affected parties to be 
heard, thus satisfying the equity principle. Furthermore, it also increases the awareness within the society about its 
responsibility towards sustainable development (Kaatz et al. 2005, p. 445). Public participants may involve 
construction workers, engineers, owners, end users, property managers, facilities managers, etc. 
 
3. EVOLUTION OF THE CONCEPTS OF SUSTAINABLE CONSTRUCTION/BUILDING 
An early definition of sustainable construction was presented by Charles Kibert during the First International 
Conference on Sustainable Construction held in Tampa, Florida, US in 1994. “Sustainable construction is the 
creation and responsible management of a healthy build environment based on resource efficient and ecological 
principles” (Kibert 1994). It is evident that the foremost stress was given to resource efficiency and ecological 
principle as was justified by the Rio Declaration on Environment and Development in 1992. With the passage of time, 
the concept of sustainable construction/building has evolved and a broader picture has emerged. 
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Figure 2 shows the evolution of sustainable construction concept over the passage of time. The traditional ideology 
was to consider time, cost and quality during the construction. Later on, issues such as resource depletion, 
emissions, and conservation of biodiversity took a forward step and a bigger picture encompassing these issues 
emerged as is supported by Agenda 21 on sustainable construction (CIB 1999). Finally, we have a broader concept 
expanded to suite global context and covering economic and social and cultural issues as well. 
 
 

 
Figure 2: Traditional concept of sustainable construction (Source: Bourdeau 1999) 

 
This concept does not include public participation, which is also a key aspect of sustainable construction/building. 
The main issue for disregarding public participation might be that it is not a major business aspect and is left out on 
most occasions during decision making. There may be a few other issues involved in incorporating public 
participation in the concept of sustainable construction/building. One reason might be the misunderstood view of 
construction industry as largely being a technical one. This hinders the participation of stakeholders on broader scale 
(Kaatz et al. 2005, p. 442). Moreover, because of the technical and segmented nature of construction industry, 
responsibilities are allocated among a large number of specialized groups which makes public participation even 
more difficult. Furthermore, the communication and interaction among these specialized groups further complicates 
the involvement of stakeholders. The stakeholders cover a wide range of participants from different walk of lives and 
have different perceptions of the building process and its use which shifts the management and ownership of the 
entire construction process to the professionals thus enabling them to follow their own objectives during the 
construction. As a result, rest of the stakeholders suffers (Turin 2003). It has been correctly pointed out by Kaatz et 
al. (2005) that this process has become a technical one instead of a social process. The importance of public 
participation cannot be ignored and it has to be made an integral part of the decision making process to achieve 
sustainable construction/building. On the basis of these arguments, a framework of sustainable construction has 
been proposed which is inclusive of public participation (Figure 3). 
 
 

 
Figure 3: Proposed sustainable construction framework 
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Analysis 
The analysis of the 20 definitions/statements of sustainable building/construction has been carried out in this paper. A 
tree coding has been used for the analysis (Figure 4). 
 
 

 
Figure 4: Tree coding for qualitative analysis 

 
The results are shown in Table 1 and Table 2. It was noticed that environmental aspect has been included in most of 
the definitions. Most of the emphasis is on resource efficiency which is a part of both the environmental and economic 
aspect. Apart from resource efficiency, energy efficiency and ecological conservation are the second most appear in 
the definitions of sustainable building. All these three features are directly related to the Futurity and Equity principle 
of sustainable development and stresses upon the present generation to share it equally among itself and to preserve 
these resources for the future generations also. Resource efficiency and energy efficiency convey the same message 
of conserving the natural resources during the complete life cycle of a building. The reason for these features to be 
given attention in such significant proportions by various authors is transparent enough. Fossil fuels are depleting at a 
fast rate and this combined with the emission of of pollutants caused by their use has prompted various authors to 
put these features at the top of their list while architecting the sustainable building concept. 
 
 

Table 1: Results of qualitative analysis 
 

Source Env Eco Soc PP 
Duijvestein 1993 x x x x 
Kibert 1994   x x 
Huovila 1998   x x 
Bourdeau 1998    x 
Kunszt 1998   x x 
Bologna et. al. 1998   x x 
Anom 1998   x x 
Lanting 1998    x 
Suler 1998   x x 
Smerdon et. al. 1998   x x 
Landman 1999    x 
SBC 2000    x 
Guy & Farmer 2001 x x x x 
Yashiro 2001   x x 
GBC 2002    x 
CS/DPD 2002    x 
Glicksman 2003   x x 
Kibert 2005  x x x 
OEA 2005    x 
John 2005    x 

Total 20 19 8 0 
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Table 2: Detailed results 

 
Source EE RE EC MP CE EE RE ULR L/L RRBM OH P 

Duijvestein 1993 x x x x x x x x x x x x 
Kibert 1994 x   x x x  x x x x x 
Huovila 1998   x  x   x x x x x 
Bourdeau 1998   x  x   x x    
Kunszt 1998 x   x x x  x x x x x 
Bologna et. al. 1998  x x  x  x    x x 
Anom 1998 x   x x x  x x x x x 
Lanting 1998     x   x    x 
Suler 1998 x   x x x  x x x x x 
Smerdon et. al. 1998 x   x x x  x x x x x 
Landman 1999 x  x x x x  x x x  x 
SBC 2000 x x x x x x x x x x x x 
Guy & Farmer 2001 x x x x x x x x x x x x 
Yashiro 2001   x x x   x x x x x 
GBC 2002 x x x x x x x x x x   
CS/DPD 2002 x x x x x x x x x x x x 
Glicksman 2003 x  x x x x  x x x x x 
Kibert 2005 x x  x x x x x x x x x 
OEA 2005 x  x x x x  x x x   
John 2005   x x    x x x x x 

Total 7 15 7 4 1 7 15 1 2 3 5 3 
 

 
Economic aspect has been given the second highest consideration as both the energy efficiency and resource 
efficiency have been grouped in economic aspect also. Both these features contribute directly to the economy and 
cost of the building throughout its life cycle. It is worth mentioning that direct use of the term cost effectiveness is not 
that frequent in the definitions and has only been mentioned once. Same treatment has been meted out to the feature 
“use of local resources”. One would think that to achieve an economically viable building, use of local resources is 
imperative. 
Social aspect has also been mentioned a few times in some of the definitions. The most frequent features of social 
aspect seem to be occupants’ health and productivity. These two features are interrelated as good occupants’ health 
can improve productivity. Public participation has not been mentioned at all in any of the definitions and statements 
investigated. In regard to this analysis, a more comprehensive definition should be developed for such purpose. One 
such definition could be: 

“Sustainable building is such a building that considers the environmental, economic, social aspect and public 
participation along with all their features throughout its life cycle.”. 

 
4. BUILDING SUSTAINABILITY ASSESSMENT TOOLS 
With the emergence of sustainability concept, several tools have been created to aid in its assessment. These tools 
play a major role in decision making. Each tool employs its own distinct set of indicators against which sustainability 
is assessed. Most of the tools use life cycle assessment to quantify the consumption of resources, comparison of 
alternative materials and estimating the cost. However, majority of these tools are for the purpose of assessing the 
sustainability of development projects and therefore cannot be used for the buildings. The tools that are available for 
the office building performance evaluation such as Ecopro, EcoQuantum, AccuRate, First Rate, TEAM, BEE, 
ESCALE, PAPOOSE, EcoEffect, LEGOE, EPCMB, HK-BEAM etc. evaluate environmental and energy performance 
only and hence, cannot be used to assess the sustainability of the building. This widespread availability of the 
environmental assessment tools might be the result of the extensive usage of the term green building instead of the 
term sustainable building. As has already been discussed, the term green building is not sufficient to reflect the 
sustainability of the building. There is no actual sustainability assessment tool for office buildings at the moment. 
However, there are a few tools which besides assessing the environmental performance consider the other aspects 
as well. These tools have been reviewed in this section. The assessment criteria for these tools have been conceived 
from the developed definition of sustainable buildings which consider the four aspects of sustainability. Therefore, 
environmental, social, economic and public participation has been used as comparative criteria. 
 
Resource depletion and emissions have been grouped under environmental aspect as they deal with the raw material 
and fuel consumption and emissions of toxics to the environment. Indoor environmental quality and building 
performance have been grouped under the social aspect as they reflect the social behaviour and health and comfort 
of the occupant. Cost performance and real estate performance have been classified as economic aspect. These are 
the major features that have been chosen to assess the tools. Table 3 compares various sustainability assessment 
tools and Table 4 gives an overview of the commitment of sustainability assessment tools to the sustainable building 
concept. Table 5 shows the types of buildings that can be evaluated by using these tools. 
 

 



 
 
 
 
 
 

Table 3: Comparison of selected assessment tools 
 

Environmental Aspect Social Aspect Economic Aspect 
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GB Tool    x          x   x    x x x
BASIX     x               x x x x x X x  x x x x x x x x x

BREEAM    x           x  x   X x x x x  x x x x x x

BEES x          x x  x  x  x X  x x x x x x  x x x

ENVEST  x  x                 x - - - - - x x x x x x x  x x x

LISA  x  x                x  x x x X x x x x x x x x x x x

LEED        x          x X    x x x x x x x x
1GHG = Greenhouse gas; 2ODS = Ozone depleting substance; 3IAQ = Indoor air quality

 



The Green Building Tool (GBC) encapsulates four major issues; resource consumption, environmental loadings, 
indoor environmental quality and quality of service. These issues cover major features of environmental and social 
aspect but ignore the economic aspect and public participation. Exclusion of economic aspect clearly eludes the 
notion of progressive profitability which is an integral part of wealth creating buildings such as rental apartments. It 
also ignores the cost effectiveness of the building material and the life cycle cost of the buildings. The life cycle cost 
of the building aids in establishing whether the cost of the building is within the reasonable parameters or not? Thus, 
excluding the economic aspect will only lead to a misleading result towards sustainability assessment. The results 
are represented by individual graphs for four major issues. 
 
 

Table 4: Results of sustainability assessment tools 
 

Tool Env Soc Eco P 
P 

GB Tool   x x 
BASIX  x x x 
BREEAM  x x x 
BEES  x  x 
ENVEST  x  x 
LISA  x x x 
LEED   x x 

 
 
 
 
 
 
 
 
 
 

 
 

Table 5: Assessment tools and building types 
 

Tool Building Types 

GB Tool 
Commercial buildings  
Multi-unit residential buildings 
Schools 

BASIX  Residential buildings 

BREEAM 

Commercial buildings 
Residential buildings 
Industrial units 
Supermarkets 

BEES Commercial buildings 
Residential buildings 

ENVEST Commercial buildings 
Residential buildings 

LISA 
Commercial buildings 
High Rise buildings 
Ware houses 

LEED Commercial buildings 
Residential buildings 

 

BASIX is the tool created by New South Wales Government Department of Planning to assess the sustainability of 
the houses and apartments. It does not assess the sustainability of office buildings, but being the only sustainability 
evaluation tool, it has been included in the analysis. It only incorporates a partial environmental aspect and 
completely excludes the other three aspects of sustainability. Therefore, the building sustainability index generated 
by BASIX may certainly be misleading. Moreover, it gives the evaluation results in three components; water, thermal 
comfort and energy. It uses a scale of 40 – 0 for water, pass or fail for thermal comfort and 25 – 0 for energy. To 
assess the level of sustainability of a building, a single sustainability index should be used as a result rather than 
individual results for different aspects of sustainability. 
 
LISA stands for LCA in Sustainable Architecture and is used in Australia. It is a LCA decision support tool to assist in 
green design. Like BASIX it also incorporates a partial environmental aspect focusing on energy consumption, water 
consumption and GHG emissions. It generates graphical results for resource energy consumption, GGE (greenhouse 
gas emissions), NOx, SOx, NMVOC (non-methane volatile organic compounds), SPM (suspended particulate matter), 
and fresh water consumption. 
 
BEES (Building for Environmental and Economic Sustainability) measures the environmental and economic 
performance of the building. It includes fossil fuel consumption, GHG emissions and acidification and life cycle cost. It 
rates both the environmental and economic performance and then combine them to give a single score.  
 
BREEAM (BRE's Environmental Assessment Method) has been used to assess the environmental performance of 
buildings and is used in UK. It encapsulates only environmental aspect and location of building which is a feature of 
social aspect. BREEAM gives a single score after the evaluation of the building. 
 
LEED stand for Leadership in Energy and Environmental Design and is used in USA. The City of Seattle Sustainable 
Building Policy specifies LEED Green Building Rating System to be used for environmental evaluation of the 
buildings. It encapsulates the environmental and social aspect of the building sustainability. In building evaluation, 
LEED uses certain criteria which must be met in order to get a total score. On the basis of the total score, the building 
is assigned a rating of bronze, silver, gold or platinum. 
 
It is understandable that none of the tools consider any stages of building except construction and occupancy. The 
reason might be the difficulty in obtaining the amount of information needed for the assessment during other stages 
of the building. Moreover, the accuracy of information also affects the accuracy of the assessment. That is a complex 
issue and needs comprehensive public participation. However, the demolition or remodeling stage should have been 
incorporated in the life cycle analysis, especially to assess the environmental and economic aspects. 
After reviewing the existing tools, it has been determined that none of the tools can be used to assess the 
sustainability of the office buildings as none of them uses an integrated approach consisting of all the four aspects of 
sustainability. Moreover, not all tools give the evaluation results in the form of a single sustainability index. 
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5. CONCLUSION 
The framework for assessing sustainable building needs to be differentiated from that of green building as green 
building presents one aspect of sustainability and concentrates mostly on environmental aspect. The perception of 
sustainable building has evolved over the passage of time and recognizes environmental, economic and social 
aspect as the primary aspects. However, public participation also needs to be embraced to fully achieve 
sustainability. With regards to the definition or statement of sustainable building, it should be made explicit where the 
authors stand in relation to the principles and aspects of sustainability. A wider definition of sustainable building has 
been put forward which considers all four aspects of sustainability as an integral part of decision making throughout 
its life cycle. 
 
A wide range of factors determine the sustainability of the office building and by considering all of these interrelated 
factors, the results of a sustainability assessment tool can reflect the true overall sustainability of the office buildings. 
None of the existing assessment tools investigated encapsulate the essential aspects of sustainability but rather 
focus on one or two aspects only. In order to assess the sustainability of the office building, a wholesome approach 
needs to be adopted that should include the aspects of sustainability and a tool be developed that employs this 
approach to generate the evaluation result. To achieve this purpose, more work needs to be done in this regard.  
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ABSTRACT: Growth planning strategies in Australia and New Zealand’s major cities have chosen the 
path of urban consolidation in an attempt to reverse the environmental and economic effects of low 
density development, or ‘sprawl’. In the case of Auckland, policies designed to intensify the city have 
encouraged the development of medium density housing (MDH) and apartments in various 
configurations (Auckland Regional Council, 2000). Recent research suggests that these consolidation 
policies will achieve their social and environmental objectives, but that economic sustainability is a less 
certain outcome (Mead, 2004; Research Solutions, 2000). 
 
Preliminary findings of a price-tracking study developed to assess the investment security of the 
emergent housing typologies appear to confirm that there is cause to doubt the economic sustainability 
of MDH. From the combined resources of research in the subject area it is possible to identify several 
disparate causes for the investment instability of MDH, one of which is the concern expressed by 
householders relating to the market characteristics of MDH as a typology (Turner, 2004; Vallance, 
2005). The issues of density, and form of layout, are also addressed. 
 
Conference theme: Indicators of sustainable building. 
Keywords: urban housing; intensification; housing design economics. 
 
 

INTRODUCTION 
In pursuit of sustainable urban development, the regional planning authority for Auckland has adopted policies that 
promote the development of higher density housing: approximately 35,000 houses, or 30% of the total of all new 
dwellings have been built in intensified typologies in the last decade (Syme, 2005). In these schemes densities 
exceed 30 dwellings per hectare (dph), compared to the net residential densities in existing suburbs of between 7 
and 12 dph and thus qualify for the established definition of ‘medium density housing’ (MDH) from British and 
Australian literature (Judd, 1983; Judd, 1993; Colquhoun, 1991). The domestic character of ‘medium density’ housing 
appears to satisfy New Zealander’s taste for a modified form of suburbia in preference to buildings with explicit urban 
scale (Schrader, 2005). 
 
Market acceptance of this typology is a critical factor in the success of intensification policies, evidenced by the 
regularity of research studies carried out by the Auckland Regional Council (ARC) (Regional Growth Forum, 1998; 
Auckland Regional Council, 2000a; Auckland Regional Council, 2000b; Mead, 2004). The question of market 
perceptions of MDH is raised in a recent study commissioned by the ARC addressing issues of supply and demand: 
here, the authors conclude that “the benefits of living in and owning (MDH) … need to be defined,” and note, in the 
executive summary, the shortage of data on capital growth of intensive housing developments (Mead & McGregor, 
2004, p2). 
 
In economic literature, there is broad agreement on the position of home ownership as a cornerstone of the private 
domestic economy, and the principal vehicle for savings (Stretton, 1999; Troy, 1996). In addition, the home serves as 
a source of wealth accumulation, usually in the form of equity, by exchange value trading in the housing market 
(Maher, 1994); as is the case in Australia, housing policies in New Zealand have encouraged “widespread aspirations 
of home ownership”, partly through mechanisms such as “favourable taxation treatment of housing consumption and 
investment” (Maher, 1994; p.212). 
 
This paper argues that for medium density housing to successfully contribute to urban sustainability, its economic 
performance needs to achieve parity with other types of housing investments, not excluding a capacity to show 
capital growth performance at some comparable level.  However, anecdotal evidence gathered over a period of 4 
years has suggested that this is not the case. The paper presents an analysis of re-sale prices using a quantitative 
methodology and a study sample of 547 units, to estimate market responses to medium density housing. The 
analysis provides a platform for a discussion of design that considers the influence of the primary design parameters, 
in particular density and layout type, on market performance. 
 
HOUSING AND HOUSEHOLD ECONOMIES 
Three factors influence the evolution of higher density housing in Auckland. Firstly, investment in housing for owner-
occupation is a tradition in New Zealand: in consequence, the private wealth of most New Zealanders is closely 
associated with property, reflected in the high percentage of New Zealanders who own their homes {DTZ New 
Zealand, 2005, Housing NZ Corporation 2005); many also own a second house as an investment (a common 
aspiration amongst New Zealanders), usually to provide an income source in the future (Syme, 2005; Pawson, 2005).  
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Secondly, in individual household economies, capital growth of value, or house price inflation, is a leading benefit of 
property ownership in the private sector, also tending to create “… demand for housing for investment, (because of) 
rapid appreciation in value” (Megbolugbe, 1994). In New Zealand the rate of house price inflation has been higher 
than the annual rate of domestic inflation for most of the last decade, and in the period between 2003 and 2006, a 
price factor fluctuating at between three and five times the rate of domestic inflation (HNZC 2005). The prospect of 
capital appreciation is an influence in all market sectors, and, as Mead and McGregor have recognised, particularly 
an influence on the 50 plus age group, which is significant in the MDH market because this group “will drive most 
growth in the number of households”. The same group will also “want a house that protects their capital (equity) 
value” (Mead & McGregor, 2004;p36). 
 
The third factor relates to the context created by Auckland’s planning strategies. These aim to achieve sustainable 
development through increased housing density. In the theory of a market economy, the assumption is made that 
these objectives can be achieved without intervention by central government (Buhrs, 2000; Rowe, 2005). In the logic 
of this theory, this paper suggests that capital growth performance can be regarded as an indicator of economic 
sustainability, on the basis that investment in housing, whether for owner-occupation or for tenanting, is a market 
investment activity comparable to other investment activities.  
 
METHODOLOGY 
Rates of house price inflation are governed by demand and vary considerably in different areas of the country, and 
also in different suburbs within the major cities (Grimes, 2005). Within the Auckland region these variations reflect 
preferences of location rather than density: it is not evident from any data that smaller land ownerships in higher 
density developments correlate directly to value.  The methodology developed for this study is designed to identify 
differentials in rates of price inflation between different types of housing, and accordingly has been focussed on 
suburbs where a minimum of other factors are considered to have influenced variations.  
 
A “price tracking” analysis relating sales history to site data is used to measure and evaluate capital growth of value. 
Site development details, including “as-built” layout plans, are obtainable from public records, and the sales histories 
of individual properties are accessible from the Real Estate Institute of New Zealand (REINZ), and also the quasi-
government agency, Quotable Value NZ Ltd (QVNZ Ltd). Data retrieval based on individual property addresses, as is 
used here, identifies instances in which there have been multiple re-sales of the same property; these can be 
eliminated to avoid distortions in the trends revealed. 
 
Eleven developments have been selected to provide a study sample with a close focus on “average” schemes, by 
density, market position, and sub-urban location, ranging in size from 22 units to 110, and in density from 29 
dwellings per hectare (dph) to 85 dph. Most of the developments are located in central-southern, or west Auckland. 
The selection process identified the secondary variables as unit size (averaging 110-120m2 for a 3 bedroom unit with 
a single garage), unit type, (mostly terraced housing in 2 and 3 storeys), access and vehicular layout type, including 
footprint, and provision of private and public external space; broadly, developments included in this study are those 
that align closely to the emerging standard model for medium density housing.  
 
The three principal layout variations used in medium density housing (front access dual aspect terraced house type 
with integral parking up to 45 dph; front access dual or single aspect terraced house type with separate (‘remote’) 
parking; and the 3 storey townhouse with upper floor living spaces are each represented. Examples of the courtyard 
terraced house type (Melview Street), and a rear access layout (Winery Way) have been included to illustrate site 
design alternatives found occasionally in Auckland’s version of the MDH typology.  
 
At the lowest density in the sample, the unusual development at Caspian Close (29 dph) is included to demonstrate 
the possibilities at the maximum density attainable in detached housing layouts. A further layout variant is included to 
recognise the perception that gated developments offer a superior residential investment, possibly by offering higher 
standards of security. Gated schemes, an increasingly common development option in the larger projects, are 
represented by Soljak Place and Mays Road, which were both designed for gating, and Tuscany Towers, which was 
designed for, and built with, permanent public access, and where gates have recently been installed.  
 
Previous research provided the basic data for 49 schemes built between 1997 and 2004, ranging in size from 16 to 
110 units, and classified in four types of layout (Turner, 2004; Turner, 2005). Variations in price associated with 
location are a factor in first sale prices, but are not considered to significantly affect capital growth performance. 
Minor variations in build costs (which can affect external appearance) have a similarly small impact on capital growth.  
Selection criteria included a preference for developments that were approximately equal in price at the initial sale 
stage, a preference that excluded schemes in inner city suburbs where adjacent prices tend to be higher, and where 
rapidly changing market perceptions can generate sudden and sometimes extreme fluctuations in house prices.  
 
SOCIAL AND ECONOMIC FINDINGS FROM THE PRICE TRACKING SURVEY 
The Table below (Table 1) suggests that current market prices are settling at a figure close to $260,000 regardless of 
the original sale price or date. This trend towards a market ‘ceiling’ price affects, to their advantage, capital growth in 
schemes that sold originally at relatively low prices, (Mays Road, Onehunga, in particular), by tending to exaggerate 
growth performance with higher than average annual percentage gains. 
 
Several other trends can be identified in this statistical summary. Firstly, annual percentage increases, which have 
averaged 4.65%, (including the exceptional capital growth at Mays Road) over the six-year period, compare 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 392 



unfavourably with other relevant economic indicators, for instance, mortgage interest rates (approximately 7.75% for 
the period), Reserve Bank floating interest rates (5.75%) and growth in open market share values on the NZ Stock 
Exchange. The figure compares particularly badly with the official figure for house price inflation in Auckland, which 
averaged approximately 14% per annum (REINZ, 2005), for the period (see Fig. 2 below).  
 
 

Table 1: illustrates the statistics drawn from the site plans and recorded sales data, 
arranged in ascending order by density (REINZ data) 

 

density number number rate of price: 1st average % gain % gain/ site & house type year of
(d/ha) of units of sales re-sale sales price 05 year parking type 1st sales

(%) ('000s) ('000s) (years)

1. Caspian Close New Lynn 29 32 13 5 201 262.3 32.9 4.11 detached, front access 1998 (8)
2.  Winery Way Henderson 40 82 21 12.8 246 280 13.8 6.91 terraced, rear access 2004 (2)
3. Tuscany Towers New Lynn 42 97 61 7.8 220 285.9 29.9 3.74 terraced, front access 1998 (8)
4. Melview Street New Lynn 44 22 21 13.6 215 276 26.4 4.73 courtyard terraced 1999 (7)
5. Rakich Place Ranui 48 39 4 n/a 230 245 6.9 2.17 terraced, front access 2003 (3)
6. Gunner Drive Te Atatu 61 24 27 18.7 192 237 23.4 3.91 terraced, front access 2000 (6)
7. Mays Rd Onehunga 65 110 58 8.7 163 237.3 45.6 6.51 terraced, remote pkg. 1999 (7)
8. Soljak Place Mt Albert 65 61 42 13.7 193 250 34.5 6.85 terraced, remote pkg. 2001 (5)
9. Lakeview Pl., New Lynn 80 30 36 20 199 251.2 26.2 3.74 3storey front access 1999 (7)
10. 3 Ambrico Place New Lynn 85 22 15 9.7 195 263 34.8 4.35 terraced, remote pkg. 1999 (7)
11. Krisley Court New Lynn 85 28 57 25.1 184 245 33.15 4.14 3storey front access 1998 (8)

totals 547 355 Av. 13.51 average 4.65%

 
A second observation is that there is no apparent price advantage to the developer in schemes that are either larger 
or smaller in size, suggesting that market perceptions are not influenced by scale of development. It might be 
expected that the reduced impact of smaller projects would carry some market advantage, but this does not appear 
to be the case. However, the Table indicates an approximate correlation between density and sale prices on 
completion of a development: these figures suggest a trend towards a decline in sales prices as density increases. 
While there may be several explanations for this trend, including an imprecise reflection from the statistics caused by 
the small scale of the study, it is suggested that the market value of the most densely developed schemes is 
depreciated by perceptions of over-crowding, and lower standards of amenity. A more comprehensive study of recent 
developments might further illuminate this issue.  

Figure 2: Capital Growth For Sample Developments With Local And Regional Trends
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Figure 2 illustrates the re-sales data as a graph, plotting the record of capital growth for four typical schemes against 
local median sales data and in the context of figures for the Auckland Metropolitan Region based on REINZ data 
(REINZ 2001). The graph suggests that MDH is consistently under-performing by a margin of between 30% and 
60%, confirming the trend identified in the table, and also the anecdotal reports referred to earlier. 
 
The sample used in this study clarifies some of the distinctions between sub-urban and medium density housing, and 
provides further insights into the social characteristics of MDH. For instance, although New Zealand society is 
relatively mobile (Perkins, 1999), rapid property re-sales indicate transient rather than stable communities (Mead & 
McGregor, 2004). The highest rates of re-sales may also point to an underlying dissatisfaction with the house 
purchase, despite reports suggesting that at least in some of these developments, residents are generally satisfied 
with their homes (Dixon, 2001). The rate of re-sale varies considerably between the developments, from 5% at 
Caspian Close, to 25% at 12 Ambrico Place. Omitting Rakich Place, where low turnover suggests a data 
discrepancy, the annual average is 13.51%, or about one house in eight.  
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Perhaps the most significant finding in this respect is that the lowest turnover rate coincides with the lowest density 
development in the sample, and that the two highest figures, 20% and 25.1%, relate to the two 3 storey townhouse 
schemes, where densities are at the highest point on the medium density scale. 
 
DISCUSSION AND DESIGN FINDINGS 
Considered as a group, these developments represent a cross-section of the MDH typology in Auckland in the lower 
and middle ranges of density. The architecture of this housing varies from the vigorously ‘unregulated popular 
eclecticism’ of some pseudo-vernacular housing produced under the rule of Design Guides in the United Kingdom 
(Forty and Moss, 1980), to the bland and anonymous ‘developer’s modern’ – with predictably dull results in many 
developments. Examples of the more adventurous architecture in this sample include the neo-classical Italian-ate 
Tuscany Towers, and Winery Way, Henderson, where a ‘collage’ development offers a small Art Deco block, 
Bretonesque terraces, traditional Dutch (stepped and curved gables) and ‘modern’, all within a scheme of only 82 
units. 
 

 
Source: author 

Illustration A: Art Deco block at Winery Way, Corban Village; Site Plan. 
 
In terms of relationships that can be identified between the primary design decisions – those that affect site layouts 
and parking, and the provision of public open space, for instance – and the market perceptions of value represented 
in the capital growth records, two issues emerge from this analysis, the first relevant to layout design, and the second 
reflecting current market attutudes. 
 
The general assumption by housing developers that the market prefers the front-accessed house type with an 
integral garage, (which represents the closest MDH model to a notional ‘ideal’ suburban house), is not confirmed in 
this study. From the Table (Fig.1), the three schemes with unconventional layouts and non-traditional house-types 
achieved the best annual capital growth figures in the study, albeit at a lower rate than other residential property in 
the city. 
 

 

Source: author 
Illustration B: Melview Street, New Lynn: diagrammatic site plan 

 
Studies carried out in Australia and the United States cited in Mead and McGregor (2004) indicate that the largest 
market for intensive housing is amongst younger age groups (20-30 year olds) and the “aging baby-boomers”, and it 
is suggested that these are both groups that will be prepared to experiment with a housing form that departs from the 
conventional suburban model. This study has found that the non-traditional layouts, particularly the rear access dual 
aspect scheme at Winery way, and the terraced courtyards at Melview Street, New Lynn, [illustration B] both at the 
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lower end of the density scale, provide interesting variations in the genre, and housing that is considered in the 
literature to be civilised, urban, and adaptable to higher densities (Colquhoun, 1999; Judd, 1983). 
 

 
Source: author 

Illustration C: Caspian Close diagrammatic site plan and typical house type. 
 
The Caspian Close development is an early example of MDH in its current form in Auckland, and has been included 
to illustrate the typology at the lowest point on the ‘medium’ density scale. Spatially, and architecturally, it makes 
references to the occasional examples of MDH in Auckland in the period between 1960 and 1991, and also to the 
Levitt Town tract housing in North America in the 1950s and 1960s. The layout attempts to offer the advantages of a 
detached suburban house with front access, openings on all four sides of the building, and opportunities for internal 
and external alterations, but (at this density) succeeds only in demonstrating the practical density limitations of 
detached housing development. The scheme suffers from over-looking, poor entrance design, confused vehicular 
circulation, lack of identity, and minimal, exposed private open spaces. It is suggested that the design compromises 
made necessary by the density are reflected in the poor performance of the scheme in the Table.  
 
However, the opportunity to individually modify the house, generally a restricted practice in MDH developments, is 
shown at Caspian Close to be an option taken up by some householders, with additions to living spaces, carport 
conversions into garages, and many DIY side- or rear garden enclosures evident in the scheme. Caspian Close also 
appears to have achieved the most stable community in the sample, as has been commented on above. 
 
In the context provided by these developments, and referring to the market responses to MDH, this paper has argued 
that the records of re-sales provided by the Table (fig.1) have relevance to the economic sustainability of Auckland’s 
new housing developments. In this discussion, it is apparent that the developments at the highest end of the density 
scale appear to generate more rapid turnover of property, without demonstrating advantages of capital growth (which, 
if found, could account for more frequent sales); and that one clear consequence of high turnover is constant change 
in the immediate community.  
 
A further observation relates to the market fixed ‘ceiling’ value attaching to houses in the sector, at present 
approximately $260,000. Future developments are likely to be adversely affected by a market maximum sale price: 
developers will be unwilling to accept higher construction costs or to set or agree to higher design standards if market 
prices are inflexible. The issues associated with capital growth suggested in this analysis have no apparent 
significance to the developer, but the perception that capital growth is unlikely to match that in other housing options 
could have the effect of driving more compact planning to deliver larger numbers per development.  
 
From this study, it is apparent that site density has an influence on value, and that perceptions of ‘crowding’ are 
significant in the market’s evaluation of a development. The selection of a type of site layout that is appropriate for 
MDH, rather than one based on traditional suburban planning, is not apparently an obstacle for house buyers, even 
when the resulting housing environment bears little resemblance to traditional housing.  
 
Finally, the accuracy of the statistics for property valuation and house price inflation routinely used by all the 
participating organisations is questioned. Approximately one third of house sales in Auckland are now classified as 
‘multi-housing’ sales (Mead, 2004). It would appear that these sales are embedded in the statistics provided by 
REINZ and QVNZ Ltd, rather than being separately identified. The non-separation of MDH would seem to have the 
effect of lowering the real rate of inflation of other properties. Similarly, if the MDH sales were extrapolated, the gap 
between MDH and other property values would increase. The case for intensive housing as a market investment 
would seem to be further weakened by this effect. 
 
CONCLUSIONS 
This paper has proposed that sustainable urban housing developments incorporate an economic dimension, partly, 
and crucially, defined by market performance, and also, that housing economics, and design, are inter-related. To 
people in the housing market, this relationship is defined by several factors that bear on the decision to buy, including 
the principle of parity in rates of capital appreciation. 
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A methodology has been outlined that analyses the joint effects of re-sale prices, house price inflation creating capital 
growth, and site density, as inter-acting elements in the market, perception of MDH. There appear to be ‘unintended 
consequences’ for social stability in some schemes, identified as developments where site density has been pushed 
to the physical limits of house type and site boundary. This high rate of property turnover may have some effect on 
perceptions of value, as well as on the prospect of community formation. 
 
Perhaps the most significant finding is not related to the architecture of MDH but to the indication from the price 
tracking statistics that capital growth of value occurs at one-third or less of the rate found in housing elsewhere in 
Auckland. In the domestic economy of New Zealand, where private wealth for most people is related closely to 
property ownership, it has been argued that capital appreciation is a measure of successful property investment. For 
the intensification strategies to be successful it may be necessary to identify the causes of the apparently weak 
market performance of the new MDH typology. 
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ABSTRACT: Solar hot water systems are seen as a viable alternative for providing hot water to 
households. Whilst solar hot water systems have been shown to provide savings in operational energy 
consumption when compared to the alternative conventional systems, it is important to consider the 
life-cycle implications of these systems. In addition to the energy required for their operation, energy is 
also required for the manufacture of the systems (embodied energy), maintenance and 
decommissioning. This paper presents the results of a life-cycle energy analysis of solar hot water 
systems, comparing them with conventional hot water systems in Melbourne, Australia. The study 
builds on a previous study by including ‘capital’ energy, the energy to make buildings and equipment 
amortised over the life of the industry. For a whole building, capital energy required upstream can 
represent 22% of the total embodied energy. There was a concern that by taking this wider definition of 
embodied energy that previous results may be invalid. It was found, however, that despite significant 
increases to the embodied energy through the inclusion of capital energy, the life-cycle energy was still 
dominated by the energy used to operate the hot water systems, even accounting for the solar fraction.  
 
Conference theme: Building and energy 
Keywords: hot water systems, embodied energy, hybrid analysis, capital energy 
 
 

INTRODUCTION 
Building construction and use are having an increasingly significant impact on the environment. Whilst there is a 
growing need for buildings across the world, due to increasing populations and increasing standards of living in the 
developing world, there is a need to ensure that future developments respond to their surrounding environments. The 
consumption of energy and resultant greenhouse emissions is one of the main contributors to the impact that 
buildings are having on the environment. The requirement for hot water in buildings accounts for a significant amount 
of this energy. For example, 25% of the operational energy requirements of residential buildings in Victoria is a result 
of the energy required to supply hot water. This is therefore one area in which considerable effort should be, and has 
been, placed to address the impact of building operation on the environment. Recently, new energy efficiency 
standards were introduced across Victoria for residential buildings. These standards include the requirement for 
installing a solar hot water system based on the awareness that these systems can assist in the reduction of building 
operational energy requirements due to a reduced reliance on fossil fuels.  
 
Operational energy is not the only energy associated with hot water systems. The energy used in the manufacture of 
hot water systems is also of considerable importance. This is commonly referred to as the embodied energy of 
manufacture, and includes the energy used to assemble them, and the energy embodied in the input of goods and 
services to the manufacturing process, including transportation at all manufacturing phases. The embodied energy, 
the operational energy as well as the energy associated with maintenance and decommissioning, equal the total life-
cycle energy requirements of a hot water system. Whilst the energy required to supply hot water within buildings has 
been widely addressed, as improvements in the operational efficiency of hot water systems, and other building 
efficiency systems, are made, the significance of the embodied energy component of these systems increases in 
proportion to their life-cycle energy requirements. It is therefore crucial that the life-cycle implications of buildings and 
their related products, such as hot water systems, are considered, as improvements in operational efficiencies may 
be negated by increases in energy requirements for manufacture, maintenance and more frequent replacement. 
 
Whilst there is growing knowledge of the life-cycle energy requirements of hot water systems, many of the studies 
being performed are based on inadequate methods of assessment. In particular, the embodied energy assessment 
methods used are incomplete and could underestimate the embodied energy of hot water systems. A recently 
developed hybrid method of embodied energy assessment, proven to provide a comprehensive method of 
assessment, is the preferred method for determining the embodied energy associated with hot water systems. 
Comparisons also need to be made between currently available solar hot water technology and conventional 
alternatives. 
 
A net energy analysis of these hot water systems, using the hybrid method discussed above, has previously been 
performed, but recent improvements to the data and methods of assessment used for this study allow for a more 
comprehensive assessment of the combined energy used throughout the entire life-cycle of these systems to be 
performed. The improvements to this method include the use of more recent I-O data and the inclusion of capital 
energy data. These methodological improvements may have a significant impact on the findings of the previous 
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study. In light of this, the current study provides a review of these previous findings. This paper presents the results of 
a life-cycle energy analysis of a number of domestic hot water systems using capital energy for the first time. This 
study provides a more comprehensive analysis than has previously been possible. The aim of this study is to 
determine whether or not the inclusion of capital energy has an effect on the energy payback period of solar hot 
water systems.  
 
1. LIFE-CYCLE ENERGY REQUIREMENTS OF HOT WATER SYSTEMS 
A life-cycle energy analysis involves a study of the energy consumed during the life-cycle of a particular product. 
These life-cycle energy requirements include the initial embodied energy of the manufacturing process, the 
operational energy, plus the embodied energy of goods and services used in operation, maintenance and 
decommissioning. Traditionally, operational energy has been the focus of many studies dealing with life-cycle energy. 
This may be partly due to conceptual failure in quantifying the life-cycle energy requirements of products through 
underestimating the possible importance of embodied energy. It has been shown that although the operational 
energy consumption of buildings accounts for the highest proportion of their total life-cycle energy consumption, there 
is still a considerable amount of energy that is consumed in the other phases of a building’s life. One of the most 
significant of these phases; incorporating the extraction and processing of raw materials, manufacturing of building 
materials and products and construction of the building; includes the embodied energy of the building and its fittings 
and finishes, but this varies significantly between building design, materials, systems and products. Embodied energy 
is particularly important due to the complexity of the supply chain. This complexity means that the supply chain has to 
be modelled for each product and process upstream to the raw materials. 
 
The main concern with hot water systems has been the environmental impacts resulting from their operation. The 
operational energy consumed at the point of use is lower than the actual energy required to supply this energy to the 
consumer. The energy used by the consumer is known as delivered energy, while the energy actually required in 
supplying this delivered energy is known as primary energy. The consideration of primary energy is more 
representative of the environmental impact (for example, from the emission of greenhouse gases into the 
atmosphere) of hot water systems. Much is known about the operational component of the life-cycle energy 
requirement of such systems (Yang et. al., 1997), yet there is limited knowledge available about the energy embodied 
in hot water systems. 
 
Embodied energy research to date has typically focused on the general components of construction such as building 
structure, envelope and internal finishes (Lawson, 1996; Pullen, 2000). Research on the energy embodied in building 
services such as hot water systems is rare. Previous research has indicated that the energy embodied in materials 
was small compared to the energy used in the operation of buildings and their products (for example, inter alia, 
Howard, 1991). The embodied energy of an entire building, or a building material or product in a building, comprises 
indirect and direct energy. Indirect energy is used to create the inputs of goods and services to the main process, 
whereas direct energy is the energy used for the main process. The accuracy and extent of an embodied energy 
analysis is dependent on which of the three main methods is chosen: process analysis, input-output (I-O) analysis or 
hybrid analysis (Treloar, 1997). 
 
1.1. Previous studies 
The previous study by the author (Crawford et. al., 2003) provided an overview of a number of studies that have been 
performed in relation to the energy requirements of domestic hot water systems (for example, O’Sullivan, 1979). 
Since this study was performed a number of other authors have demonstrated the potential energy savings 
associated with solar hot water systems (for example, Kalogirou, 2004; Tsilingiridis et. al., 2004). 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, 2004b; Crawford et. al., 2006), which have demonstrated the significance of the choice of 
embodied energy analysis methods. An evaluation of this I-O-based hybrid analysis method, against other methods 
of assessment, has been performed (Crawford, 2005), showing that the I-O-based hybrid analysis method is currently 
the preferred method to use for assessing the energy embodied in buildings and related products. Whilst several 
limitations associated with this method may result in errors of up to 30%, the use of more conventional methods of 
embodied energy assessment have been shown to produce errors of up to 80%, depending on the source and 
reliability of the data used. The study by Crawford et. al. (2003) of the life-cycle greenhouse emissions of the 
domestic hot water systems being considered in this current study, used an I-O-based hybrid embodied energy 
analysis method based on 1992–1993 I–O data. Since this previous study was published, this embodied energy 
analysis method has been updated with 1996–1997 I–O data, significantly improving the comprehensiveness and 
complexity of the previous method. The more recent data also includes the energy consumed in the manufacture of 
machinery and other capital equipment and buildings, commonly ignored or excluded in embodied energy analyses. 
This is due to the difficulty in determining the time that the equipment was used in production for amortising this 
capital energy. This energy is considered to be as much a part of a product’s life-cycle as any other direct or indirect 
input. Casler (1983) has demonstrated that the quantification of capital energy requirements can be easily achieved 
through the use of I–O data. Lenzen and Treloar (2004) and Gorree et. al. (2002) have estimated capital energy to 
account for between 10 and 17% of the total inputs of embodied energy to a product. Crawford and Treloar (2004a) 
showed that this figure may in fact be as high as 22%. Unlike many previous embodied energy analysis methods, the 
hybrid analysis method used in the present study considers the energy required for capital inputs. Whilst the inclusion 
of these capital inputs is systemically less significant compared to the use of the hybrid analysis method, its 
consideration provides a more comprehensive embodied energy assessment. 
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The issues discussed above give rise to the following research question to be addressed in the remainder of the 
paper: 

- Is capital energy an important component of the life-cycle energy of a solar hot water system? 
 
2. METHODOLOGY 
This section describes the hot water systems chosen for the study and outlines the method of life-cycle energy 
analysis (embodied and operational energy analysis) used. The five hot water systems considered in the previous 
study (Crawford et. al., 2003) were used in the current study. These included an electric-boosted solar, gas-boosted 
solar, electric storage, gas storage and a gas instantaneous hot water system. All systems were selected to provide 
an equivalent hot water supply to a typical four-person household, sized according to the manufacturer’s 
recommendations. The recommended storage volume for a solar hot water system and an electric storage system is 
60-70 litres (L) per user, allowing for an average daily usage of 50 litres plus some reserve (O’Sullivan, 1979). The 
systems have not been named here for reasons of confidentiality, although all information regarding each of the 
systems was gained from public domain sources. These five hot water systems case studies have been summarised 
in Table 1 below. 
 

Table 1: Domestic hot water system case study details 
 

Case study Price ($) Size Description 
Electric storage 911 315L tank 3 star efficiency 
Gas storage 884 170L tank 3 star efficiency 
Gas Instantaneous 1099 24L 5 star efficiency 
Solar – electric boosted 2986 300L tank, 3.96 m2 collector Electric boosted, 2 collectors 
Solar – gas boosted 3386 300L tank, 3.96 m2 collector In-tank gas booster, 2 collectors 

N.B.: Prices listed above exclude installation. 
 
For the purpose of this study and the comparison between systems, the period of the life-cycle energy analysis 
selected was 20-years. The life-cycle energy of each hot water system after 20-years is made up of the initial 
embodied energy of the hot water system, using the input-output-based hybrid analysis method, the energy required 
for operation and maintenance, repair and decommissioning, in primary energy terms, and the embodied energy 
associated with necessary replacement during the 20 year period. The energy embodied in maintenance, repair and 
decommissioning was assumed to be 2% of the initial embodied energy, per annum. All systems were assumed to 
require replacement after twice the length of the warranty period. This replacement occurred after 20 years for the 
gas instantaneous system and 10 years for all other systems. The embodied energy associated with this replacement 
was added to the life-cycle energy requirement at the beginning of the eleventh year, other than for the gas 
instantaneous system.  
 
The operational energy associated with hot water systems is the energy consumed in the actual running of the 
system, be it electricity or gas. Solar energy is counted as ‘free’ in this study, since it does not require any fossil fuels 
from the earth or result in any greenhouse emissions on the earth. The energy consumed is dependent on a number 
of factors: the geographic location of the system; the type and size of system; the form of energy used; the usage 
patterns of the users; and the system efficiency. The initial figures used for calculations of operational energy were 
the delivered energy figures (that is, the energy supplied at the point of use). The primary energy factors for the 
appropriate fuels were then applied. A primary energy factor of 3.4 and 1.4 for electricity- and gas-based fuels 
respectively were used, as is typical for Victoria. Unlike the previous study, this study only considers one location, 
Melbourne, Australia (latitude 37.8°S). The added benefits of installing a solar hot water system in a warmer/dryer 
climate, due to higher ambient temperatures and a higher solar fraction are now known (as demonstrated by 
Crawford et. al., 2003). Improved operational efficiencies in warmer climates reduce the operational energy 
requirements and subsequent energy costs, providing a shorter payback period for solar hot water systems.  
 
The climate chosen for such a study has the most significant impact on the solar fraction and therefore the 
operational energy consumption of solar hot water systems. The solar fraction of a solar hot water system is defined 
as the percentage saving in fuel from the use of solar energy. The solar fraction is approximately proportional to the 
amount and intensity of daylight in any given location. The average annual solar fraction for the solar hot water 
systems used in this study was 62% (Solahart, 2003). This figure is supported by Gilchrist (1994, p.143), who 
estimated the solar fraction for these types of system to be 55-65%, in Melbourne. The average annual operational 
delivered energy consumption for each of the hot water systems was obtained from GWA (2005). The appropriate 
figures were determined by taking into account the size, location, fuel type and efficiency of the systems as well as 
the solar fraction for the solar hot water systems. Reduced operational efficiencies over time, due to system wear, 
have not been factored in. 
 
In order to undertake the embodied energy analysis of the five hot water systems, the quantities of materials used in 
the production of each of the systems were determined. Information regarding components, materials, masses, areas 
and volumes was obtained from the manufacturers of the various products. All information was in the public domain.  
 
The embodied energy values of the hot water systems were derived using an I-O-based hybrid analysis method, as 
described by Treloar (1997), using I-O data for Australia for the financial year 1996-97. Various process analysis 
embodied energy data for major materials such as steel were also integrated with the I–O data (Grant, 2002). Hybrid 
material embodied energy intensities were multiplied by the quantities of basic materials of the hot water systems. 
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These individual material embodied energy figures were then summed to obtain the process-based hybrid analysis 
value for the systems. National I–O tables, produced by the Australian Bureau of Statistics (2001) were combined 
with national energy data from the Australian Bureau of Agricultural and Resource Economics (2000) to develop an 
energy-based I–O model of the economy. The I–O tables are divided into more than 100 sectors of the Australian 
economy, e.g. ‘household appliances’. For each one of these economic sectors, a direct and total energy intensity 
can be calculated in units of GJ/$1000 of product, representing the amount of energy used directly and in total to 
produce $1000 worth of products from that specific sector.  
 
The input-output theory underlying these calculations is extensively documented elsewhere (Miller and Blair, 1985; 
Lenzen, 2001; Leontief, 1966; Proops, 1997) and shall therefore not be repeated here. In a hybrid I–O analysis of any 
product, it is necessary to link the product’s component breakdown to the economic sectors of the I–O classification 
in order to determine the energy intensities that should be applied. The capital energy inputs, usually excluded 
through an embodied energy analysis (including the previous study performed by the author), are included in this 
procedure. The I-O model was disaggregated to allow the quantified material inputs to be subtracted, leaving a 
remainder that was applied to the study in a holistic manner to fill all the remaining gaps, as demonstrated in Treloar 
et. al. (2001).  
 
From the disaggregated I-O model, showing the inputs of the ‘household appliances’ sector, the material inputs that 
were quantified for each hot water system, were identified. The total energy intensity of each of the material inputs 
represented were subtracted from the total energy intensity of the sector. The remainder of the unmodified inputs (the 
total energy intensity of the sector minus those material inputs subtracted (GJ/$1000)) were then multiplied by the 
price of the system ($) and divided by 1000 to give the additional energy inputs (GJ) for the system. The process-
based hybrid analysis 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 (Table 3). 
 

Table 3: Example I-O-based hybrid analysis of energy embodied in a hot water system 
 

Process Embodied energy (GJ/Hot Water System) 

Process data for quantified materials 15.99 
Input-output data used to fill upstream gaps 14.31 
Process-based hybrid analysis total 30.30a 

Input-output data for ‘household appliances’ sector  
Direct energy intensity 0.51b 
Total energy intensity 64.10c 
Inputs covering process data 24.27d 
Remainder (c-b-d) 39.33e 
TOTAL (a+e) 69.63 
Proportion of process data 23% 

N.B.: figures may not sum due to rounding. 
 
3. RESULTS AND DISCUSSION 
The results of the study are shown in this section. This details the operational energy, embodied energy and life-cycle 
energy requirements of each of the hot water systems, as well as the expected energy payback periods of the solar 
hot water systems. The energy required during the operation of the hot water systems was converted to primary 
energy terms, to account for conversion and transmission losses and the energy embodied in the fuels and 
derivatives, using the primary energy factors previously mentioned. The delivered and primary energy based 
operational energy requirements of each hot water system are shown in Table 4. 
 

Table 4: Annual operational energy of hot water systems for Melbourne, 
in delivered and primary energy terms 

 

Hot water system Delivered energy 
(GJ/annum) 

Primary energy 
(GJ/annum) 

Electric Storage 24.64 83.77 
Gas Storage 35.35 49.49 
Gas Instantaneous 23.61 33.06 
Solar - electric boosted 9.36 31.83 
Solar - gas boosted 13.43 18.81 

 
 
The embodied energy of the hot water systems, calculated using each of the three main embodied energy analysis 
methods are shown in Table 5. These results show both the modified (process analysis) and unmodified (I-O 
analysis) proportions for the I-O-based hybrid analysis values. An approximation of the embodied energy contained in 
the hot water systems was obtained with the use of the process-based hybrid analysis method (PHA). The I-O-based 
hybrid analysis was then used to correct a methodological deficiency in the process-based hybrid analysis method in 
which a large range of minor inputs and processes are neglected. These minor inputs typically account for around 
50% of the I-O-based hybrid analysis value. The proportions of process and I-O data in these I-O-based hybrid 
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analysis figures are also given. The embodied energy represented by I-O data is shown to account for at least 73% of 
the total for all hot water systems. This represents the gap, or incompleteness associated with a traditional process 
analysis. The embodied energy of the solar hot water systems, as determined by this study, was up to 4 times the 
embodied energy of the conventional alternatives (Table 5).  
 

Table 5: Embodied energy of hot water systems for each analysis method 
 

I-O-based hybrid analysis Hot water system Process analysis 
(a) (GJ) 

Input-output analysis 
(GJ) 

PHA 
(GJ) Total (GJ) (b) % PA value (a/b) % I-O value (gap)

Electric Storage 6.27 19.56 10.70 22.86 27 73 
Gas Storage 5.28 18.98 8.98 20.79 25 75 
Gas Instantaneous 0.78 23.59 3.07 18.52 4 96 
Solar - electric boosted 15.99 64.10 30.30 69.63 23 77 
Solar - gas boosted 15.99 72.69 30.36 78.21 20 80 
 
 
The life-cycle energy analysis of each hot water system over a 20-year period is shown in Figure 3. This study 
highlights, despite significant improvements in the method of assessment used for this study, the relative 
insignificance of the embodied energy of hot water systems over their lifetime, as shown in the previous study 
(Crawford et. al., 2003). The electric storage hot water system was shown to have an extremely high life-cycle energy 
requirement (predominately resulting from operational requirements), almost 70% more than the next highest – the 
gas storage system. Both electric- and gas-boosted solar hot water systems provide life-cycle energy savings 
compared to the respective fuel-based storage systems. Despite these systems having a higher embodied energy 
component, by up to 4 times, the respective energy payback periods for these two systems are 1 year and 2 years 
when compared to their equivalent fuel-based storage system. This is shown by the cross-over points of each of 
these systems in Figure 3. Over the 20-year period of this study, the gas-boosted solar hot water system has the 
lowest total energy requirement. Further energy savings are possible if the life of the system is prolonged beyond the 
10 years assumed in this study. With the longest anticipated life, the gas instantaneous system requires the next 
least amount of energy over the 20-year period. 
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Figure 3: Life-cycle energy of hot water systems 

 
 
For the gas-boosted solar hot water system, an alternative is to have an inline system where a gas instantaneous 
system is connected as the ‘booster’. Whilst this significantly increases the embodied energy of the system, the 
operational energy and associated costs can be much lower as boosting is only required as hot water is being used. 
The life-cycle benefits of this system configuration would be even greater than the gas-boosted solar hot water 
system assessed in this study. The recent improvements to the embodied energy analysis method used in this study, 
including the use of more recent I-O data and the inclusion of capital energy inputs has had a significant impact on 
the embodied energy of the hot water systems, compared to previous studies. Whilst these embodied energy figures 
have increased from between 42 to 197%, the contribution of this energy is still a relatively insignificant part of the 
life-cycle energy requirements of each hot water system, even considering the errors associated with the type of 
assessment used. 
 
Whilst the I-O-based hybrid analysis method used in this study has been used for a number of years now, the 
inclusion of capital inputs (to any method for that matter) is exceptionally infrequent. Previous studies based on the 
case studies used in the current study (Crawford, 2005), using an I-O model based on data exclusive of capital 
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equipment inputs showed lower results than those calculated in this current study. This difference can be attributed to 
the inclusion of capital inputs. It has been suggested in the past that capital inputs may account for up to 10-17% of 
the total embodied energy of any particular product (Lenzen and Treloar, 2004; Gorree et. al., 2002). This study has 
shown that these capital inputs account for up to 22% of the embodied energy of the systems analysed in this study. 
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 life-cycle energy studies. 
 
The greenhouse gas emissions associated with the energy consumed during the life-cycle of the hot water systems 
have a considerable impact on the environment. The fuel type used for the manufacture and operation of the hot 
water systems strongly influences the quantity of greenhouse gases emitted. As electricity is more greenhouse gas 
intensive than natural gas, the environmental impact of electric-based hot water systems is far greater per GJ of 
energy consumed. The impact of the fuel type used on the emissions of hot water systems has been shown by 
Crawford et. al. (2003). Where electricity is the only option, the electric-based solar hot water system is the best 
option. Building occupants may also consider buying ‘green’ tariff electricity (which reduces dependence on fossil 
fuels and greenhouse gas emitting sources), to further reduce the emissions associated with the boosting 
requirements of these systems.  
 
CONCLUSION 
Using a comprehensive method of embodied energy analysis, this study has shown that when compared to 
conventional alternatives, electric- and gas-boosted solar hot water systems pay back their initial energy investment 
in 1 and 2 years, respectively, through on-going savings in operational energy requirements. In comparison to the 
gas instantaneous system, having the lowest life-cycle energy requirement of the conventional systems studied (and 
the second lowest overall), the energy payback period of the gas-boosted hot water system is 5 years. In terms of 
reducing the environmental impact resulting from the use of hot water systems, in particular, from their life-cycle 
energy requirements, this study has shown the gas-boosted solar hot water system to be the most beneficial. This is 
closely followed by gas-instantaneous systems. This study has demonstrated that solar hot water systems can 
provide life-cycle energy savings when compared to their equivalent conventional alternatives, confirming previous 
studies. The greenhouse gas emissions associated with the fuel type being used should also be considered and will 
have a significant impact on the system that should be used.  
 
The insignificance of the embodied energy component of the life-cycle energy requirement of hot water systems has 
been re-confirmed in this study. This is despite improvements to the method of embodied energy analysis used in this 
study, including the addition of capital inputs. This study has shown however, that the I-O-based hybrid analysis is 
currently the preferred method for the embodied energy analysis of hot water systems due to its superior level of 
system boundary completeness, when compared to traditional methods. This is despite the potential limitations and 
errors associated with this method of assessment, which are considered to be less significance than those of 
traditional assessment methods. 
 
Financial considerations are also a key component in the decision making process associated with selecting a hot 
water system to use. Whilst the environmental implications of hot water use within buildings are, and should be, a 
major concern, the financial implications associated with the purchase of solar hot water systems are still a major 
barrier to their uptake. Rebates and recently introduced building regulations have somewhat reduced this barrier for 
new domestic buildings, however, the greater problem is the replacement of existing hot water systems. 
 
ACKNOWLEDGEMENTS 
The authors would like to acknowledge the support of an Australian Research Council Linkage grant, LP0667653 
with industry partner Williams Boag Architects, Melbourne. 
 
REFERENCES 
 
Australian Bureau of Agricultural and Resource Economics (2000) Australian Energy Consumption and Production, 

Table C1AUST, Historical data update, Electronic file (unpublished), Australian Bureau of Agricultural and 
Resource Economics. 

Australian Bureau of Statistics (2001) Australian National Accounts, Input-Output Tables, 1996-97, ABS Cat. No. 
5209.0, Australian Bureau of Statistics, Canberra, Australia. 

Casler, S. (1983) Correcting Input-Output Coefficients for Capital Depreciation, Energy Systems and Policy 7(3), 171-
93. 

Crawford, R.H. (2005) Validation of the Use of Input-Output Data for Embodied Energy Analysis of the Australian 
Construction Industry, Journal of Construction Research, 6(1), 71-90. 

Crawford, R.H. and Treloar, G.J. (2004a) Assessment of Embodied Energy Analysis Methods for the Australian 
Construction Industry, Proceedings: Australia and New Zealand Architectural Science Association 
Conference, Launceston, November, 415-421. 

Crawford, R.H. and Treloar, G.J. (2004b) Net Energy Analysis of Solar and Conventional Domestic Hot Water 
Systems in Melbourne, Australia, Solar Energy, 76(1-3), 159-163. 

Crawford, R.H., Treloar, G.J., Fuller, R.J. and Bazilian, M. (2006) Life-Cycle Energy Analysis of Building Integrated 
Photovoltaic Systems (BiPVs) with Heat Recovery Unit, Renewable and Sustainable Energy Reviews, 10(6), 
559-575. 

Crawford, R.H., Treloar, G.J., Ilozor, B.D. and Love, P.E.D. (2003) Comparative Greenhouse Emissions Analysis of 
Domestic Solar Hot Water Systems, Building Research and Information, 31(1), 34-47. 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 402 



Gilchrist, G. (1994) The Big Switch, Allen & Unwin Pty Ltd, Sydney. 
Gorree, M., Guinee, J.B., Huppes, G. and van Oers, L. (2002) Environmental Life-Cycle Assessment of Linoleum, 

International Journal of Life-Cycle Assessment, 7(3), 158-66. 
Grant, T. (2002) Australian Material Inventory Database of Life-Cycle Assessment Value for Materials, RMIT, 

Melbourne. 
GWA (2005) Estimated Household Water Heater Energy Use, Running Costs and Emissions, Victoria, George 

Wilkenfeld and Associates, Report for the Sustainable Energy Authority Victoria, May, 22p. 
Howard, N. (1991) Energy in Balance, Building Services, 13(5), 36-38. 
Kalogirou, S.A. (2004) Environmental Benefits of Domestic Solar Energy Systems, Energy Conversion and 

Management, 45(18-19), 3075-3092. 
Lawson, W.R. (1996) Building Materials, Energy and the Environment: Towards Ecologically Sustainable 

Development, The Royal Australian Institute of Architects, Red Hill, 135p. 
Lenzen, M. (2001) A Generalised Input-Output Multiplier Calculus for Australia, Economic Systems Research, 13(1), 

65-92. 
Lenzen, M. and Treloar, G.J. (2004) Endogenising Capital - A Comparison of Two Methods, Journal of Applied Input-

Output Analysis, 10(December), 1-11. 
Leontief, W. (1966) Input-Output Economics, Oxford University Press, New York, USA. 
Miller, R.E. and Blair, P.D. (1985) Input-Output Analysis - Foundations and Extensions, Prentice Hall, New Jersey.  
O'Sullivan, R.A. (1979) A Comparison of Energy Inputs and Outputs for Flat Plate Solar Water Heaters, Proceedings: 

Solar Energy Today Conference, Melbourne, February, 25.1-25.5. 
Proops, J.L.R. (1977) Input-Output Analysis and Energy Intensities: A Comparison of Methodologies, Applied 

Mathematical Modelling, 1(March), 181-6. 
Pullen, S. (2000) Energy Used in the Construction and Operation of Houses, Architectural Science Review, 43(2), 87-

94. 
Solahart (2003) SCF - Solar Contribution Finder Software, Revision 1.2.141. 
Treloar, G.J. (1997) Extracting Embodied Energy Paths from Input-Output Tables: Towards an Input-Output-Based 

Hybrid Energy Analysis Method, Economic Systems Research, 9(4), 375-91.  
Treloar, G.J., Love, P.E.D. and Holt, G. (2001) Using National Input-output Data for Embodied Energy Analysis of 

Individual Residential Buildings, Construction, Management and Economics, 19, 49-61. 
Tsilingiridis, G., Martinopoulos, G. and Kyriakis, N. (2004) Life-Cycle Environmental Impact of a Thermosyphonic 

Domestic Solar Hot Water System in Comparison with Electrical and Gas Water Heating, Renewable Energy, 
29(8), 1277-1288. 

Yang, L., Bøhm, B., Paulsen, O. and Frederiksen, S. (1997) Evaluation of the Dynamic Performance of a Hot Water 
Tank with Built-In Heating Coil, International Journal of Energy Research, 21(3), 265-274. 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 403 



 
Ecological sanitation as impetus for 

sustainable architecture 
 
 

Nicolo Del Castillo 
 

College of Architecture, University of the Philippines 
Diliman, Quezon City, Philippines 

 
 

ABSTRACT: This paper aims to re-frame the problem of sustainable architecture from a purely  
technological standpoint to a cultural standpoint. The concept of sustainable development and 
sustainable architecture is such that it requires a paradigm shift about human life on earth. Although 
this shift in the way we think of our environment and our impact on it is gaining ground, most of the 
efforts have been centred on technological capacities and impacts on the earth. 
 
The paper proposes that Ecological Sanitation or Ecosan, as it is becoming popularly known, be used 
as an impetus for the creation of a sustainable development demand. Ecosan treats human excreta as 
a resource that is fed back into plant life, thereby providing a cycle that is “a sustainable, closed-loop 
system” (EcoSanRes, 2004).  Ecosan, however, requires a drastic shift in the way we behave and in 
the way we view human waste.  
 
So far, sustainable technologies have only come up with options that are either of secondary 
importance to users and consumers, such as “green building materials”; or offer minimal disruption or 
changes to lifestyle, such as renewable energy technologies. However, these technologies do not 
involve the users of these buildings themselves such that attitudes toward the environment are hardly 
changed. Ecosan is a concept that forces the individual to confront the ecological issue on a personal 
scale through the impact human waste processing has on the earth. 
 
Architectural science education can be a venue in investigating how Ecosan can be integrated into 
habitats and how liveable these habitats can be. It can take the lead in multi-disciplinary efforts to 
make ecological sanitation a viable option, and lead to the creation of a demand for it. Architectural 
education can demonstrate how such a seemingly drastic change in lifestyle can be “artistically viable”, 
and thus socially acceptable. 
 
Conference theme: Sustainable Building and Human Issues 
Keywords: sustainable architecture, ecological sanitation, lifestyle, education 
 
 

INTRODUCTION 
Sustainable architecture has been invariably called “green building/architecture” in some countries. For some the 
term “sustainable”  has a broader, more encompassing implication related to the term “sustainable development”, 
hence, implying a building’s life-cycle approach. The term “green” is generally used to describe technologies or 
objects that are friendly or kind to the earth by the wise use of resources and energy in the construction and 
operation of a building. In this paper, both these terms will be treated synonymously and will be used 
interchangeably. 
 
This paper takes inspiration from Adam Werbach’s speech (2005) about the death of environmentalism – the 
precursor of the idea of sustainable development. It draws a parallelism with the way environmentalists, according to 
Werbach, should  strategize and the way we, advocates and educators of sustainable architecture, ought to develop 
more holistic approaches that are in consonance with human values. 
 
1. THE DEATH OF ENVIRONMENTALISM 
When Adam Werbach addressed the Commonwealth Club of San Francisco, he boldly declared that 
environmentalism is dead. He points to signs that its advocates have been ignoring for too long and urges them to 
stop denying its death but instead move on to being “progressives”.  
 

The signs of environmentalism's death are all around us: we speak in terms of technical policies, not vision and 
values; we propose 20th century solutions to 21st century problems; we are failing to attract young people, the 
physical embodiment of the future, to our cause; we  are failing to attract the disenfranchised, the disempowered, 
the dispossessed, and the disengaged; we  treat our mental categories, ourselves, and other elements of nature, as 
things; most of all, environmentalism is no longer capable of generating the power it needs to deal with the world's 
most serious ecological problems. 
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The problem is not that environmentalism and the moral intellectual framework we call liberalism are dead. The 
problem is that we have been in denial about it for 20 years too long. The sooner we  acknowledge its death, the 
sooner we can give birth to something more powerful and relevant. (Werbach. 2005) 

Werbach enjoins everyone to be progressives: “We are bringing along our love of nature. We are bringing along our 
knowledge of interdependence. This is our gift to the world. Will we be bold enough to present it?”. From 
environmentalism, he engages everyone to become activists for the core belief of interdependence. 
 
Interdependence is a concept often linked with globalism, yet it is often used, and ironically at that, to promote only 
the interests of a few countries, mainly the dominant, powerful economies. The protests against global trade, or at 
least against its current formulas, illustrate that our understanding of the concept of interdependence is not yet full in 
that there are countries or societies that feel the brunt of global economics and that there are global economic 
practices that are unfair to them.  
 
There are also global trade practices that tend to exploit the weakness of other economies such that the powerful 
economies dictate the direction of consumption, and ultimately the lifestyles of the weaker economies. It will be 
shown later how global lifestyle affects global sustainability and how Werbach’s admonition becomes all the more 
relevant in redefining what sustainable means. 
 
2. REDEFINING THE ROLE OF SUSTAINABLE ARCHITECTURE 
Sustainable architecture or green building, for all its viability and promise in providing us with healthier and earth-
friendly environments, has still failed to catch fire, much like the mother movement of environmentalism. Adam Davis 
(2005) has reported that this failure can be traced to three major reasons cited by the Natural Strategies Inc. and 
VITETTA — Public Management Consulting: (1) lack of builder incentives; (2) poor information dissemination and 
sourcing regarding “green products”; and (3) client knowledge. The proposed responses to these barriers range from 
offering incentives for choosing to build “green-ly”, to educating the public regarding the benefits of choosing green 
buildings.  
 
The acknowledged problems and the proposed solutions are congruent to the symptoms of the failure of the 
environmental movement. We have been reduced to convincing our public to build in an alternative way, instead of 
telling them that there is no other alternative but to change the way we live, lest we all suffer the consequences of our 
myopic view of life on earth. We still view buildings as mere things we produce instead of as things we do.  
 
Sustainable architecture may be viewed as the way we carve out space on earth lightly, with respect to other beings 
that occupy the planet. Our present knowledge and technologies may now be employed not as things in themselves 
but, endowed with the new understanding about life on earth, as an expression of this understanding about ourselves 
and how we are part of the intricate web of life.  
 
2.1 Ecological footprint 
Ecological footprint is a concept that can best illustrate for anyone the impact our lifestyle has on the earth. The 
emphasis here should be on lifestyle instead of just things we use and produce. In the latest report on the Ecological 
Footprint of Nations (2005), based on our current lifestyle up to the year 2001, humanity’s ecological footprint “shows 
a footprint of 1.39 planets”, meaning that our demands on nature require an earth about 39% larger. No illustration 
can underscore our problems more vividly than that. 
 

Ecological footprints measure a population’s demands on nature in a single metric: area of global biocapcity. By 
comparing humanity’s ecological footprint with the Earth’s available biological capacity, ecological footprint analysis 
(EFA) suggests whether or not our use of crop lands, forest lands, pasture lands, fisheries, built space, and energy 
lands can be sustained. (Venetoulis & Talbert. 2005) 

 
 

Table 1: Global Footprint Accounts: (All figures in global hectares per capita, 2001 data) 
Source: (Venetoulis & Talbert. 2005) 

 
Biome Biocapacity Footprint Ecological Balance 

Crop Land 0.461 0.521 -0.060 

Forest Land 1.775 0.464 1.311 

Pasture Land 1.197 0.470 0.726 

Built Space 0.020 0.046 -0.026 

Less Productive Land 0.779 0.000 0.779 

Marine and inland fisheries 0.873 1.045 -0.173 

Open Ocean 2.337 0.000 2.337 

Energy Land 8.265 19.357 -11.092 

Total 15.707 21.903 -6.198 
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The ecological footprint of a country compares its actual consumption of resources versus its natural resources’ 
capacity, or biological capacity, to meet its consumption demands. Broken down into the resources we require to 
support our lifestyle, the report shows very disturbing numbers telling of our wanton life (Table 1). 
 
Broken down into each country’s ecological footprint, the report tells us that:  
 

Wealthier countries (despite technological advantages), were found to have larger footprints on a per capita basis as 
compared to their fellow global citizens that consume less. For example, footprints per capita in Africa in 2001 were 
7½ gha [global hectares] (18.5 acres). In North America the average was 95 gha (234 acres). In the UAE the 
average footprint was 235 gha (578 acres). The amount of biocapacity available per person on a sustainable basis 
globally estimated ...  is about 16 gha (30 acres). (Ibid. 2005. p. 9) 

 
The report clearly shows how developed countries consume so much on a global scale, while in comparison, the 
poorer countries consume very little. For example, the USA has an ecological footprint of 108.95 gha while its 
biological capacity is only 20.37 gha. Japan has footprint of 53.21 gha versus biocapacity of only 8.77 gha. On the 
other hand, the Philippines has a footprint of 8.55 gha and a biocapcity of 7.99 gha; Vietnam has a footprint of 4.12 
gha and a biocapcity of 9.14 gha. The most telling factor in the calculation of ecological footprints is the “energy 
biome”, or the resources used to produce the needed energy, i.e. oil, coal, etc. The USA uses 101.76 gha or 93% of 
its footprint for energy alone, while the Philippines uses 5.63 gha or 66% of its footprint for energy.  
 
On a global scale, the report shows that we are consuming more than what we have on earth. On a per country 
basis, it illustrates an imbalance in terms of consumption per capita. The point should not be that those countries who 
are wealthy should do more to decrease their consumption rates, but that these countries show a disastrous model of 
development which developing countries should stop emulating. The point is that our collective lifestyles must change 
if we are to arrest global destruction and ensure our survival. 
 
2.2 “Green” technologies and how we use them 
Survival of our species necessitates a drastic change in the way we do things. We can no longer simply wait for the 
proverbial carrot to employ better, earth-friendly technologies, because extinction is a good enough stick to whip us 
into action.  We have to change the way we design, from just merely using techniques and technologies, to real 
fundamental changes in the way we design. 
 

Sustainable design helps instill a sense of responsibility and higher purpose back into design. Designers who 
adhere to the philosophy are not merely providing a product or commodity, but they are providing a service that 
goes beyond the immediate client to other people, to other species, and even to future generations. (McLennan. 
2006) 

 
This re-frames the act of designing not just toward the goal of producing good design but incorporates a broader 
sphere of issues that our current educational system have yet to integrate.  
 
A run-down of our current green technologies demonstrate that we have the capacity to use earth’s resources wisely 
and effectively. We have learned to tap the powers of the sun and wind to give us energy cleanly. We have mastered 
the secrets of sourcing and conserving water. We have developed building systems and components that do not use 
up too much resources and energy. We have acquired the power to harness the healthy benefits of plants to provide 
us with food and medicines. We have relearned the secrets of designing with climate to house our bodies comfortably 
and gently.  
 
Yet another look at our capacities show that all we have mastered is how to take from the earth. It is still another 
evidence of our flawed understanding of ourselves as separate from the earth, instead of of the earth. Our current 
technologies do not compel us to think of ourselves as part of the ecosystem. 
 
As part of an ecosystem, we have yet to understand: if we take, what do we give? 
 
2.3 Greening of lifestyles 
Going back to the concept of “green building” or sustainable architecture and why it has not caught fire, and seen 
against the backdrop of the ecological footprint report, it will be plain to see that although we now know more about 
the earth than before, we have yet to live out these knowledge into our daily lives.  
 
The question raised then is how do we or should we alter our lifestyles? Davis’ article (2005) points out the three 
basic barriers to green building. Although at first glance it may seem like the key factor in spelling success for building 
green is information dissemination, the real barrier is cultural, rather than informational. 
 
In the Philippines, a tropical country, more and more residences are being put up with air-conditioned rooms almost 
being the staple among the middle to upper class families. This illustrates a population that needs to consume more 
energy to stay comfortable, when it lives in a climate that has not changed even in the past fifty years. The emulation 
of Western lifestyles, no thanks to global mass media, has brought about this “conditioned need” for cooler rooms 
when at most, what is needed to survive in the tropics is less clothing, shaded rooms and wider windows.  
 
This phenomenon is repeated in other developing countries being bombarded with images of the “good life” from 
developed countries. A cultural revolution is indeed taking place globally, but sadly, it is a revolution that leads to 
unsustainable lifestyles. 
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Experience, whether vicarious or direct, is a strong motivation for creating or altering lifestyles. Lifestyle or culture is 
always rooted in the land – its intricacies and nuances. It is therefore impossible to have one common lifestyle on a 
global scale, but is its possible to have a common agenda of interdependence among nations. What is needed is a 
counter-revolution that allows people to experience an alternative lifestyle so that they may be convinced that it is the 
lifestyle that is more akin to their land and native culture. 
 
3. ECOLOGICAL SANITATION 
A fairly recent technology, which is actually a rediscovery of an ancient method, is making the rounds among  
environmental activists. Ecological sanitation, or eco-san as it has been popularly coined, was conceived as a 
response to a global water shortage and the population boom. It is based on three fundamental principles:  
 

[1] preventing pollution rather than attempting to control it after we pollute; [2] sanitizing the urine and the faeces; 
and [3] using the safe products for agricultural purposes. (Winblad, et al. 2004. p 4). 

 
Eco-san was also conceived with addressing the unsanitary conditions of a growing urban poor population. Winblad 
and his co-authors tell us that “existing approaches to sanitation are not viable or affordable... neither do they offer 
people an approach towards a sustainable society.” (2004. p. 4) (Emphasis by author) 
 
The fundamental principles of eco-san can be graphically depicted as a cycle that is in much accord with true 
ecological systems, in contrast to current sanitation practices where human waste pollutes the environment because 
of a misunderstanding of our impact on the environment (Figure 1). 
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Figure 3: Comparison of human excreta cycle between coventional sanitation and eco-san 

nal sanitation treats human excreta as something to be feared and is flushed out of our homes, collectively 
d discharged to waterways, effectively hindering if not preventing the return of plant nutrients to the soil. 

recognizes the relevance of human excreta as an agricultural resource which can be, with proper 
ding of the decomposition processes, fed back to the land, recharging it with the nutrients we took from it. 

ot only provides a sustainable process of returning the soil’s nutrients but is also less expensive than 
nal sanitation as it does away with sewer pipes, underground septic vaults, and sewage treatment plants 
ume a lot of energy in its operation. The invention of waterless toilets and urine-diversion toilets also 
 to the conservation of our water resources.  

courge of eco-san, the grace of eco-san  
are much easier said than done, however, as this concept is resisted by a very strong cultural bias against 
crement, referred to “faecophobia” (Winblad, et al. 2004. p 100). For over a decade, advocates of eco-san 

n promoting this new system and thought about human excrement. It has been supposed by Winblad, et al, 
gical sanitation is still at its developmental stage and they are hopeful that, like the aeroplane and 
e, ecological sanitation will be seen for its true potential to society and as a step towards a more 
le development.  

the first step in overcoming this fear is through education. Eco-san’s scourge may also be its grace. No 
echnology is closer to human activity than the processing of human waste. No other “green” technology 
mans  to  participate  in the ecological process,  consciously  and directly.  As   such, eco-san offers us  the 
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opportunity to return the energy and nutrients we have sapped from the earth, and reap its benefits almost 
instantaneously. More importantly, it also offers us to confront our cultural biases and norms and realize how our 
biases prevent us from undertaking meaningful changes to our lifestyles. 
 
3.2 Eco-san and cultural change 
Sustainable living requires a paradigm shift in the way we do things, in the way we live. It requires a cultural change 
that affects not only the way we use and consume things but also in the way we think of ourselves as part of the 
earth.  
 
Current green technologies are successful in reducing the quantity of earth’s resources we consume. However, eco-
san is a technology that allows us to produce. Eco-san enables us to participate in the ecosystem directly by 
processing our human waste into usable products for plants. In a certain way, eco-san allows the shift of viewing the 
house as shelter and endpoint of natural resources, to that of direct source of natural resources by way of human 
excreta. 
 
It may be a drastic concept today to think of humans collecting faeces directly, but it is an endeavour worth trying.   
 
3.3 The challenge to architectural education 
Ecological sanitation may be a core component of a new architectural pedagogy, where the way we think of and build 
our homes is radically changed from that of a human earth-user, to that of a human earth-participant. Human 
behavioural assumptions will have to be revised to include recharging the earth, through the sanitary handling of 
human excrement, as an important human activity. 
 
Eco-san shall also change the way we configure houses and buildings as we shall pay more attention to how our 
waste is collected and handled instead of simply making it disappear through the walls and floors. In short, 
architectural education is challenged to change the way we view design at all – no longer as a designer’s prime 
activity, but as a people’s decision-making process about how they would settle in their environment. 
 
3.4 Eco-san as a venue of multidisciplinary discourse 
Designing ecologically is a new thing for architects. We have been trained to be the leaders of the building industry, 
akin to masters of the built world. This view should be systematically purged from our pedagogies fast, if we are to 
seriously embark on saving our planet and ourselves. We should be able to, as modelled by the ecology we wish to 
emulate, incorporate interdependence with other professionals, scientists and with end-users of the spaces and 
places we have to make. 
 
The cultural, economic, scientific and technological problems with eco-san, and the architecture that may result from 
it, are so intricate that it requires a multidisciplinary effort to study the problems, limitations and possibilities it has to 
offer. The architectural educational system is an ideal venue to investigate the possibilities of ecological sanitation, as 
architecture remains at the crossroads of so many disciplines.  
 
3.5 Ecological Sanitation in the Philippines  
Eco-san has been introduced in some parts of the Philippines, but mostly in rural and urban poor areas where 
sanitation is indeed a problem. In a pilot area in San Fernando, La Union, the Center for Advanced Philippine Studies 
(CAPS) reports that the beneficiaries of eco-san toilets have ventured into urban agriculture, using as fertilizer their 
own wastes. They have been growing vegetables  which they sell or eat. An indirect beneficiary is a local ceramic 
maker who was contracted to produce urine-diversion toilets for the project. (Lapid. 2005).  
 
The project is primarily aimed at the urban poor who have no access to legitimate sanitation systems. It is this stigma 
– that eco-san is only for the poor – that needs to be addressed by designers and social scientists, if ecological 
sanitation is to be promoted as a viable, sustainable option for all urban settlers. 
 
4. THE PHILIPPINE ECOLOGICAL HOUSE: A PROPOSAL  
The key to the success of any technological endeavour is to first convince the public of its potentials to their benefit. 
Convincing the public requires actual experiences demonstrating the benefits of the new idea.  
 
We can not continue convincing, educating our public about the benefits of green architecture through mere 
examples from willing clients, which come few and far between. Architectural schools can take the forefront of the 
“greening of the profession” by building demonstration projects which the public can study and provide immediate 
feedback, much like prototype cars taken for test drives. Including the public in the design process would ensure the 
success of any sustainable program as it  shares ownership of the project with the community.  
 
As earlier mentioned, we now have the technologies that allow us to build on the earth gently. What remains to be 
known is what forms and construction systems do these technologies allow, and how acceptable will the resulting 
buildings be to the public.   
 
4.1 The Urban “Bahay Kubo” 
There is a traditional song in the Philippines entitled “Bahay Kubo” which means “nipa hut”. However, the song does 
not delve on the characteristics of the nipa hut but about the plants that surround it, from which its inhabitants may 
derive their food. It was this song that inspired a design project for fourth year architectural students (the author was 
the supervising professor) to design the “Urban Bahay Kubo”, in 2005. The project’s goal was to embody the 
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message of the song in an urban setting, incorporating efficient use of space, climatic design, low-energy materials, 
renewable energy systems and an edible garden.  The project utilized a 200 square meter lot, the most common 
urban lot size in the Philippines. The results have been very promising as the students were able to come up not only 
with pleasing forms but, more importantly, possibilities that can allow urban dwellers to see the feasibility of a 
vegetable garden employed as ornamental plants around a sustainable house. 
 
 

Figure 3: The Urban Bahay Kubo by Gomez  
& Lozano, Arch 197, 2005. 
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Figure 2: The Urban Bahay Kubo by Abdul 
& Garcia, Arch 197, 2005 
exercise allowed students to explore the intricate issues surrounding sustainability, such as employing passive 
g strategies, using low embodied energy materials, as well as utilizing the scarce land for the production of 

 food. Some of the designs incorporated rain water collection and garbage segregation and waste composting. 

ugh the exercise did not yet incorporate ecological sanitation toilets, the responses of students are promising in 
their designs reflected a thorough understanding of the ecological issues of building and at the same time 
nstrated good design sense. It is this attitude that inspires an educator to push the boundaries of knowledge as 
 sustainable architecture, applied in the local context, is concerned. 

 
Figure 4: Urban Bahay Kubo by N. Del Castillo, Arch 197, 2005 
The design features rain water collection which is stored in an underground cistern. The 
cistern supplies the daily bathing and washing needs of the household. A hand-pump draws 
water from the cistern each day to an overhead tank above the shower stall, which then 
distributes the water through gravity. 
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4.2 The Ecological House as laboratory 
The Urban Bahay Kubo project, plus the introduction of ecological sanitation has inspired the proposal for the 
“Philippine Ecological House” project. It is now conceivable to create a mini ecosystem embodied within a household,  
fully autonomous – energized by the sun, water from rain and plant food from its immediate surroundings fertilized by 
human waste. 
 
The project shall be a lived-in teaching laboratory for a multi-disciplinary team of researchers, teachers and students.  
The goal of the project, apart from demonstrating and fine-tuning the ecological concepts of building in the local 
context, is to engage the public in its development and thereby create a market demand for ecological homes and 
buildings. 
 
As mentioned earlier, the cultural, economic, scientific and technological problems with eco-san, require a 
multidisciplinary effort to study the problems, limitations and possibilities eco-san has to offer. The setting up of the 
ecological house laboratory is an ideal venue to investigate the possibilities of ecological sanitation, as well as other 
sustainable technologies such as renewable energy systems, passive cooling strategies and rainwater collection.   
 
The study components of the ecological house are divided into two general categories – the physical and the cultural. 
The physical component will entail the study of the following building systems and components: renewable energy 
systems, passive cooling strategies, rainwater harvesting, energy-efficient construction, and ecological sanitation 
systems. The cultural component will study the non-tangibles such as attitudinal shifts, biases and habits. 
 
The ecological house is premised on the idea that for it to be acceptable and successful, cultural attitude shifts and 
behavioural changes have to be made on the part of the users. These changes need to be studied by social 
scientists so that a dialogue is formed between the environment and the user. The physical components will also 
have to be studied by architects, engineers and even natural scientists to verify assumptions made in the design and 
measure performance levels. The results of these physical tests will have to be correlated to the attitudes and 
behaviours of the users to be able to formulate reliable recommendations for the local building and housing industry. 
 
5. CONCLUSION 
The key to changing the way we do things is to do it – decide to change. There is no other short cut to it. Ecological 
sanitation gives us an opportunity to change the way we plan and build through a very basic human activity. Eco-san 
allows us to participate directly in the process of growth and decay. In doing so, we are confronted with a simple yet 
profound decision regarding our cultural attitude toward the earth and life in it.  
 
The key to sustainable living and the survival of our species is the deep realization of the concept of interdependence 
of all things (living and non-living things) on earth. The deep realization would result in a change in attitude and 
cultural beliefs about nature, about ourselves. Ecological sanitation allows us to take a small step for ourselves and a 
larger step for mankind toward a sustainable future.  
 
All that is needed is to decide to take that step. 
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ABSTRACT: In recent years the Toyota Prius has received popular support as a responsible vehicle 
choice for drivers who wish to minimise the impact of their driving on the environment. Unfortunately 
research has suggested that this may not be the case. This paper suggests that consumer preference 
for visible displays of environmental responsibility can be more important to the environmentally 
conscious than the actual environmental impacts. The authors refer to this practice as the ‘Prius Effect.’ 
In applying the Prius Effect to the field of architecture a comparative examination is made between the 
House of the Future displayed by Disney in 1957, and Dilbert’s Ultimate House, a virtual showcase for 
sustainable housing features initiated by cartoonist Scott Adams. In conclusion it is suggested that 
changes that positively impact the environmental cannot be made without a willingness on the part of 
consumers to change not only the appearance of their lifestyles, but that lifestyle itself. 
 
Conference Theme: Sustainable design principles 
Keywords: sustainability, housing, ideology, 
 
 

INTRODUCTION 
To say that the word sustainability has become a catch-phrase is akin to marvelling out loud that the earth is round 
and orbits the sun. In a very short space of time sustainability – word and idea – has moved from being a ‘greenie’ 
hobby horse to assuming a prominent place amongst society’s central concerns. Yet there seems to us to be a real 
risk of hypocrisy if a Westernized culture makes gestures towards ‘sustaining’ itself without being prepared to 
fundamentally change its approach to living, by which the authors mean living with radically lower expectations. 
 
It is too easy to use the phrase ‘sustainability’ as a topical anaesthetic to dumb ourselves to the reality that almost 
every part of Westernized living is highly unsustainable, and that the very raison d’êtré of our civilisation has been 
expansion through consumption. We might hope that it is otherwise, but as Ronald Wright observed in his study on 
the collapse of civilisations, “Hope, like greed, fuels the engine of capitalism.” (Wright 2004:123) 
 
With less pessimism but more cynicism than Wright, we think of this as the ‘Prius Effect’ after the hybrid engine 
motor-vehicle of that name produced by Toyota. The Prius is currently the car of choice for those wishing to show 
their environmental credentials as publicly as possible. Leonardo DiCaprio drives one, as do many of his celebrity 
brethren. At the other end of the automotive spectrum is the Hummer – a behemoth sport utility vehicle (SUV) 
favoured by that other behemoth, Arnold Schwarzenegger.  
 
So who costs the environment more – Leonardo or Arnold? Well, according to CNW Marketing Research, Leo does 
(CNW Marketing Research 2005). Taking into account the full range of energy usage required to conceive, produce, 
drive and dispose of a car, CNW marketing concluded that the hybrid Prius consumes 1.6 times more energy over its 
lifetime than the 2 tonne H3 Hummer. In real terms Schwarzenegger is for the environment, so why do those who say 
they care drive the Prius? 
 
We suggest it is for symbolic reasons. Sustainability, like any political movement, benefits from visible codes that 
represent its ideological motivation. Hitler the swastika, Stalin the hammer and sickle, Chairman Mao managed to 
popularise appallingly bad olive drab clothing, and the environmentally self-conscious of the third millennium drive the 
Toyota Prius. After all, what is the point of a saving the world if no one knows? 
 
If the Prius is not actually the most energy responsible way to drive to work then that reality takes a backseat to the 
importance of proclaiming alternative fuels and hybrid technologies as the next step in automotive evolution. So the 
gesture is symbolic at least until there are enough Toyota Prius’s on the road to have to have reduced their 
production costs. However, until that time the Prius does allow consumers to engage with future environmental 
technologies, but with an environmental price.  
 
The Prius Effect 
Perhaps the best example of the Prius Effect is provided by another green celebrity, Julia Louis-Dreyfus, who played 
Elaine Benes in the successful television sitcom Seinfield. In one episode a superficial TV executive, Russell 
Dalrimple, becomes so infatuated with Elaine that he joins Greenpeace in an attempt to win her affections after 
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mistakenly overhearing that she is into environmentalists. Alas Russell is lost at sea after being hit by a wanton 
whaling harpoon. By contrast Elaine is elated to find she is free from his unwanted attentions (Grsicom 2004). 
 
But there is more to this story. In the world that celebrities call reality, Julia Louis-Dreyfus and husband Brad Hall are 
outspoken environmentalists who remodelled their beach house as a case study in environmental responsibility. 
What began as an improvement to the living quarters ended up a tour de force of leading active and passive energy 
systems that are expected to pay for themselves in only 23 years. 
 
Like the Prius this is a house that uses more and costs more in the interests of promoting the sustainable practice of 
others. As Brad acknowledges: 
 

“ . . . having a second home is itself an appalling excess, so we figured if we’re going to do it, we better be 
as environmentally responsible as we can.” (Griscom 2003: 1) 

 
They did however have the forethought to donate the recyclable timber from the old house to a builder’s exchange. 
To finish the picture they have not one but two Prius’s park outside so that Julia and Brad can maintain their 
independence (Grsicom 2004). 
 
Louis-Dreyfus is a part of a group of prominent Hollywood women whose environmental concerns have brought them 
together as the Natural Resources Defence Council (NRDC). It may seem shallow, but the group has made much of 
the Prius over the Hummer as a platform for environmental responsibility. NRDC spokesperson, Laurie David (wife of 
Seinfeld co-creator, Larry David), recalls stopping her Prius in a School parking lot to accuse a Hummer-mum of 
putting children’s lives at risk with her giant car (Bagley 2004:139). 
 
In a moment that makes Seinfeld look normal, Prius owner David managed to arrange a face-to-face meeting with 
Hummer driving Schwarzenegger, now Governor of California, to plead her case for allowing hybrid cars on 
commuter lanes. Afterwards she stated with conviction that’ 
 

“Getting that man in a hybrid car would be one of our great victories [and] I’m not giving up on that hope.” 
(David in Bagley 2004:140). 

 
Hope, it seems, springs eternal. 
 
The emptiness of celebrities arguing over hybrids or SUVs is a point well illustrated by Howard Drake, the owner of a 
Hummer dealership in San Fernando Valley. He recalls a well-known actress who was concerned about the 
environment and thought she should buy a Prius. Drake asked her how big her house was, listened to her answer, 
then replied: 
 

“I don’t know what’s less correct. Having three people live in a 20,000 square-foot house, with a pool and 
heaters and air-conditioning. Or me driving my Hummer 500 miles a month.” (Waxman 2004:npn)  

 
Good point. Perhaps we could take one step further for the environment and live in our cars instead of driving them? 
Those in privilege might then be able to avoid the situation another NRDCer, Gigi Grazer, found herself in: 
 

“Unfortunately, now I’m screwed . . . Whenever someone says, ‘It’s a beautiful day!’ I always think of global 
warming – how the world is doomed if something isn’t done right away.” (Grazer in Bagman 2004:140) 

 
The bitter aftertaste to this kind of environmentalism is best summed up by Brad Hall on his green beach house. He 
admits, 
 

“I walk around feeling a sort of existential guilt all the time; and honestly for me this house is a way of feeling 
less guilty about the universe.” (Grsicom 2004:npn) 

 
And that, in a nutshell, is the Prius Effect - the desire to appear and feel hopeful about the world even if ones actual 
impact on the earth is detrimental. The Prius Effect replaces guilt with hope. 
 
Appropriately enough for their professions, Julia Louis-Dreyfus and Brad Hall are acting out a situation that in another 
context French philosopher Gaston Bachelard called the ‘hut dream’ – the desire to escape overcrowded houses and 
city problems to a ‘real’ refuge (Bachelard 1994:31). For Bachelard that refuge was a psychological one available to 
all, but in an affluent society it is inevitable that the privileged replace philosophical escapes with physical sanctuaries 
to dilute their environmental guilt. 
 
It is the temptation to buy environmental salvation that has made the Toyota Prius the pin-up of energy efficient 
transportation and it operates in two emotional ways: firstly, it alleviates the guilt of extravagant living, and secondly, it 
does not demand change. In the end replacing a Hummer with a Prius alters the mode of transportation without 
challenging the rationalization of transportation. 
 
This is what makes the Oscars such a ridiculous forum for displaying ones environmental credentials. In the context 
of an overblown spectacle of cultural artifice supporting an industry noted for excess, there is no important distinction 
between arriving by hybrid car or coal-fired steam train, merely the comfort of the Prius Effect. 
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Central to this debate is a fundamental impasse: Westernized society is synonymous with the car. Indeed, the 
automobile is a standard of westernized development as the economic boom and explosion in car ownership in China 
is illustrating so comprehensively (Watts 2003). 
 
Automobile society 
Inevitably the development of an automobile culture brings with it that other sign of westernized living – urban sprawl. 
As the proponents of New Urbanism have so vocally pointed out, the automobile is a mode of modern survival that 
makes the sprawl of the suburbs possible. (Duany et al 2000:14). 
 
In a treatise for New Urbanism, Duany, Plater-Zyberk and Speck observe that while a disproportionate number of 
suburban Americans visit Disneyland every year very few of these visitors actually spend more than 3% of their 
Disney experience on the rides (Duany et al 2000:63). Confirming Jean Baudrillard’s remark that Disneyland exists to 
persuade us the rest of America is real (Baudrillard 1999:34), Duany, et al., argue that the remaining 97% of their 
time in Disneyland is spent enjoying the qualities so lacking in the suburban neighbourhoods they live: “pleasant, 
pedestrian-friendly, public space and the sociability it engenders.” (Duany et al 2000:63) They conclude that in the 
modern suburb there is no reason to walk other than for exercise, and I might add that more often than not 
suburbanites find themselves driving to health clubs anyway. As one of the authors recently discovered, the 
availability of car parking is a major selling point in gym memberships. 
 
Issues such as these were behind the decision of Michael Eisner, Disney CEO, to build the New Urbanist town of 
Celebration in Florida, so famously used as the set for the satirical movie The Truman Show. As Robert Beuka has 
shown, this film brought together the latest movements in American suburbanization: the neo-traditionalism of New 
Urbanism, and the rising popularity of gated communities. He suggest that together they lead to social isolation which 
in turn breeds a greater sense fear as even more unidentifiable threats lie in the ‘outside’ world. (Beuka 1004:230-
231). 
 
Austin has argued that in comparing Disneyland and Celebration there exists a paradox brought about by conflicting 
values of memory. Disneyland, he writes, works because it closes each day with fireworks, is serviced and cleaned 
overnight, and then starts afresh with a new group of visitors as if for the first time. By contrast Celebration attempts 
to maintain an experience of timelessness with a permanent population as though memory can be made stable 
(Austin 2005:33). 
 
Austin continues that Disneyland and Celebration are oppositional in this regard, but it is also possible to consider 
these states as examples of the Prius Effect. As conditions of occupancy Disneyland and Celebration create internal 
worlds in which new rules reset the parameters for guilt free living.  
 
As another French philosopher, Maurice Merleau-Ponty, put it, the outside has certain ways of invading us, we have 
certain ways of meeting this invasion, and memory serves the purpose of separating the framework of our perception 
of the outside from the actuality of that intrusion. (Merleau-Ponty 1962:317). 
 
If Celebration is an example of how we might repel the assaults of suburban alienation, then Disneyland offers a 
temporary respite from the battle. Both are architectural examples of the Prius Effect. 
 
Following Merleau-Ponty’s argument, both are instances where the creation of a new perception of reality is more 
important than reality itself. In Celebration and Disneyland there is a willing, indeed, wilful, forgetting of the larger 
world just as the Prius owner prioritises the display of an environmental awareness over a reality of energy 
conservation.  
 
Jurca has suggested that the temperament of suburbanites has long been characterized by qualities of alienation, 
anguish, and self-pity (Jurca 2001:161). A significant reason for suburban disillusionment might be the great 
distances suburbanites travel to link the disparate parts of their living (Duany et al 2000). After all, what better place is 
there to build a persecution complex that the endless hours spent driving between the distant elements of a fractured 
world? So the car is a means to an end and if we are not serious about the changing the end then the means is 
irrelevant. 
 
This was not something that worried Walt Disney however. One of the original rides from 1955 that is still operating 
today is Autopia; a miniature motorway on which Disney wanted children to learn to be better drivers. Today people 
drive to Disneyland, catch a shuttle from the car park to the theme park, and the ‘ride’ they drive themselves: Autopia! 
Such paradoxes prompted Margaret J. King to describe Disneyland as traditional values disguised in futuristic form 
(King 1981). 
 
Disneyland and the MIT House of the Future 
Designed by MIT researchers, the House of the Future was conceived of as a genuine attempt to predict what form 
domesticity for future generations might be by making generous use of innovative plastics provided by the exhibit 
sponsor, Monsanto. The pristine white shell with its curved surfaces may not have been homely in a conventional 
sense but it certainly spoke of the future. There was plastic furniture, a working micro-wave oven, and a wall-mounted 
television for which actual working technology had not yet caught up. The future, Monsanto loudly declared, was 
synthetic. 
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During 10 years that it was on display millions toured the home touted as the archetypal house of 1987. (Scanlon 
2005). Through 1957 the exhibit was widely successful with 60,000 people a week visiting, but while public opinion 
was favourable it was not enough to create a viable market. As Monsanto manager Robert Whittier recalls, “This is a 
pretty radical proposal for a very conservative housing market.” (Whittier in Scanlon 2005:npn). 
 
A particularly novel feature was an air conditioning unit that offered the option of selecting a fragrance to accompany 
air distribution. With a choice of flowers, pine trees or sea air the House of the Future was well equipped to banish 
any lingering odour from the plastic construction.  
 
Yet beyond some new materials, and the promise of new technologies, and despite its billing, the inside of the House 
of the Future was not as radical a domestic arrangement as many might have thought from the outside. Beneath the 
thin fibreglass shells lay regularly shaped rooms that replicated domestic convention of the time. It may have looked 
unconventional but in practice it was quite traditional. 
 
Due largely to its association with Disneyland, the Monsanto House of the Future was never really taken seriously as 
a proposal. As Borden has observed, it was all too easy to dismiss it as fantasy (Bordon 2001). Tellingly, by 1967 it 
was deemed too ‘old fashioned’ to remain at the entrance to Tomorrowland despite no changes to the housing 
industry at large, and the decision was made to demolish it. (McPherson 2005). However, the House of the Future did 
have one last surprise. The wrecking ball brought in to tear it down bounced off the plastic shell and two weeks of 
laborious and expensive demolition was necessary to remove it. It is now known in Disney lingo as an ‘extinct 
attraction’.  
 
Unlike Celebration, Disney’s House of the Future is not an example of the Prius Effect. While it captured popular 
imagination as a theme park exhibit people did not see themselves living their lives in it. Following Merleu-Ponty’s 
thought, it lacked a memory for how we have lived, and it also lacked a garage. The House of the Future was not 
connected - neither physically nor symbolically - to Disney’s triumph of future transportation, Autopia. It was as 
though the world of the future had split into those who drove continuously, and those who stayed at home.  
 
To complicate matters further only five years after the installation of the House of the Future, biologist and writer 
Rachel Carson published Silent Spring (1962), a seminal study on the systemic effects of damage caused by 
chemical pesticides. (Carson 1962). This book is widely acknowledged as the beginning of the environmental 
movement, and in it she names Monsanto (among others) as a key benefactor in the million dollar pesticide industry. 
It would be some years before the image of Monsanto would be muddied by its association to Agent Orange and 
other chemicals used during the Vietnam War, but the House of the Future does become emblematic of a conflict 
between the values of healthy living and modern living. Indeed, one of the greater paradoxes that can be found with 
hindsight in Carson’s writing concerns the suburbs. More than a decade before Vietnam would be sprayed with 
harmful defoliants American suburbanites had been liberally dosing their own front lawns with related chemical 
compounds to remove crabgrass. (Carson 1962:146-7). She writes of the ‘mores’ of the suburbs, “Sacks containing 
chemicals designed to rid the lawn of such despised vegetation have become almost a status symbol.” (Carson 
1962:146) Disney’s House of the Future did not have a front lawn, and this made it even harder to present a 
desirable image of suburban hope. As architectural theorist Beatriz Colomina has observed, “The lawn is a medical 
hazard and yet the lawn stands for health: mental and physical.” (Colomina 1999:143) 
 
Dilbert’s Ultimate House 
Someone not known for his optimism is Dilbert, a fictional character of the syndicated cartoon series of the same 
name. An engineer eternally trapped within a hopelessly ineffectual bureaucracy, Dilbert stumbles from one psychotic 
workmate to the next in an endless cycle of inefficiency that many find humorously familiar. 
 
But in 2004, as thought to compensate him for the desperate existence he leads, Dilbert’s creator, Scott Adams, 
announced his intention to build Dilbert a virtual home, and he called on fans to contribute ideas for its development. 
As Adams wrote in a latter press release: 
 

“Dilbert is single and needs the all the help he can get . . . We wanted him to have a house so impressive 
that some woman would overlook his personality just to live in it.” (Scott 2005:npn) 

 
This sardonic tone was integrated into the DUH project as a number of additions to the standard house. ‘Innovations’ 
included; a storage closet for a fake Christmas tree so that it could be wheeled out every December, a urinal in 
Dilbert’s ensuite, basketball court in the basement, and a bathroom for children that can be hosed down. Externally 
the most obvious feature of the unusual is the observatory shaped like Dilbert’s head. By September 2005 Dilbert’s 
Ultimate House – known as ‘DUH’ – was online as a fully realised digital model. 
 
While Scott has established himself as a satirist of office life, it would be a mistake to dismiss this project as simply an 
elaborate joke. The original specification, issued by Scott on the Dilbert web site, made a point of emphasising zero 
energy usage, green building materials and healthy air quality. Its ideological framework is therefore consistent with 
sustainable building practices. The point of this in a virtual domain is perplexing – what gain is there from an energy 
saving design that does actually use any more energy than it takes to run a computer? Yet the specification is quite 
specific on this point. The house is orientated for maximum solar energy gain, the roof had PV panels, the walls use 
structural insulated panels, windows are double glazed, and so on (Scott 2005:npn). The full room specification goes 
so far as to provide hyper links to actual suppliers, and it is at this point that the ideological undercurrent of the DUH 
is visible. The DUH project is a showcase of all those features that Adams feels others should be integrating into their 
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homes in the interests of responsible living. Unlike Disney’s House of the Future, Dilbert’s Ultimate House does not 
rely on future technologies or lifestyles. DUH utilises current technologies that are readily available, and this is why a 
virtual house is so effective - it need not prove itself. Anyone interested in some part of the proposed material 
fabrication of the house can follow a hyperlink to a real supplier for their own needs. In this way the virtual house is 
more a virtual shop providing information, links, and, most importantly, inspiration on available healthy home 
products. 
 
But we should not confuse responsible specification with responsible living. After all, DUH also contains a home 
theatre, three-car garaging, and a golf practice area. Like the Prius, DUH promotes a model of responsible living that 
does not ask that any thing be given up, not even ones bourgeois aspirations. This is where the House of the Future 
got it so wrong. As a part of Disneyland the seriousness in the MIT design house was undermined by the fantasy 
environment it was a part of. Visitors expected to find a home whose design and fittings were completely foreign, and 
then they would return to their suburban houses comfortable in the knowledge that the future was not all that weird. 
 
The DUH projects does exactly the opposite. Its sustainability message rides in on the back of a much loved graphic 
character whose popularity is found in the way other identify with him. The project invited the ideas of Dilbert’s fans 
and so presented itself as a democratic rather than autocratic approach to future living. It then integrated available 
rather than promised technologies thereby making it possible for others to make smaller changes to their own homes. 
And finally it did all this without suggesting for a moment that it might be environmentally undesirable to have ones 
own swimming pool, or home gym, or a ‘quiet room’ where you can escape the bustle of your own home. 
 
Like the Prius, Dilbert’s Ultimate House makes overtures to sustainable living that do not challenge how we have 
been living, but while it makes the idea of sustainable practices more palatable it also perpetuates westernized 
lifestyles that have been at the forefront of environmental degradation. It may be that Disney’s House of the Future 
becomes more prophetic than anyone expected; the failure of a vision for the future to read true has about it the 
same hollowness as making dream homes sustainable. 
 
REFERENCES 
 
Adams, Scott. "Dilbert's Ultimate House".  2005. <www.dilbert.com/comics/dilbert/duh/press_release.html >. 
Adams, Scott. "Original Specs".  2005. <www.dilbert.com/comics/dilbert/duh/specs/index.html >. 
Austin, Michael. "Celebration with Some Mention of Napier." Celebration: XXII Annual Conference of the Society of 

Architectural Historians, Asutralia and New Zealand. Eds. Andrew Leach and Gill Matthewson. Napier, NZ: 
SAHANZ, 2005. 31-34. 

Bachelard, Gaston. The Poetics of  Space. 1964 ed. Boston, Massachusetts: Beacon Press, 1994. 
Bagley, Christopher. "The Naturals." W Magazine, 2004. 138-40. 
Baudrillard, Jean. "Truth or Radicality? The Future of Architecture." Blueprint 157.January (1999): 30-35. 
Beuka, Robert. Suburbianation. New York: Palgrave Macmillan, 2004. 
Borden, Gail Peter. "The House of Tomorrow for Today." the Independent Weekly, 2001. 
Cambron, Melanie. "Gig Spotlight: A Chat with Will Wright."  2002. web site.  (20 July 2006): 2006. 

<ww.gignews.com/goddess_wright >. 
Chan, David. "The Philosophy of the Sims." 2003. 
CNW Marketing Research. "Dust to Dust: The Energy Costs of New Vehicles from Concept to Disposal".  2005. 01 

July 2006. <www.cnwmr.com/nss-folder/automotiveenergy >. 
Duany, Andreas, Elizabeth Plater-Zyberk, and Jeff Speck. Suburban Nation: The Rise of Sprawl and the Decline of 

the American Dream. New York: North Point Press, 2000. 
Foreman, John McLean. "An Interview with Will Wright".  2001. web site.  Gamasutra. July 2006. 
Gonzalo, Frasca. "The Sims: Grandmothers Are Cooler Than Trolls." Game Studies: The International Journal of 

Computer Game Research vol 1 no 1 (2001). 
Griscom, Amanda. "At Home With: Julia Louis-Dreyfus and Brad Hall; a House That Any Tree Would Hug." The New 

york Times April 10 2003, sec. F: 1. 
Griscom, Amanda. "Comfortably Conscientious." Mother Earth News, 2004. 
Jurca, Catherine. White Diaspora: The Suburb and the Twentieth-Century Novel. Princeton and Oxford: Princeton 

University Press, 2001. 
King, Margaret J. (1981) Disneyland and Walt Disney World: Traditional Values in Futuristic Form. Journal of Popular 

Culture 15 (1), 116-40.  
Keighley, Geoff. "The Perpetual Observer." 
McPherson, Christopher Geoffrey. <www.plasticliving.com/hotf/f.html >. 
Merleau-Ponty, Maurice. Phenomenology of Perception. Trans. Colin Smith. London: Routledge and Kegan Paul, 

1962. 
Scanlon, Lisa. "The House of the Future That Wasn't." Technology Review: Massachesetts Institute of Technology, 

2005. 
Watts, Jonathan. "China Takes to Capitalist Road with a Vengeance." Guardian Unlimited August 18 2003, Business 

ed. 
Waxman, Sharon. "A Prius-Hummer War Divides Oscarville." Los Angeles Times March 7 2004. 
Wright, Ronald. A Short History of Progress. Melbourne, Australia: Text Publishing, 2004. 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 415 



 
‘Closing the loop’: exploring the link between the 

design brief and post occupancy evaluation to 
improve sustainable design 

 
 

Richard Hyde and James Davidson1

 
1University of Queensland, Brisbane, Australia 

 
 

ABSTRACT: The aim of the paper is to examine the linkages between the design brief and the 
environmental outcomes of a project that uses POE methodology. A case study method will be used to 
examine to what extent the design brief plays a role in creating positive environmental outcomes. This 
case study approach will promote a new briefing model that links all stages in the design process, from 
pre-design consultation to the post-occupancy evaluation of the final building. Briefing is a pre-design 
documentation process for building design, which at present mostly ignores environmental issues. This 
paper examines the process used to analyse and develop the framework for the Environmental Brief for 
an innovative environmentally sustainable building in the Lark Quarry Museum. Such a framework can 
assist the transformation of the building industry to Ecologically Sustainable Design practice. The paper 
presents discussions with the designers and clients of Lark Quarry Museum, Winton, Queensland, 
concerning the design intent of the building, together with an evaluation of the extent to which the 
building process has addressed this intent. 
 
Conference theme: Building Case Studies 
Keywords: Environmental Briefing, Post-occupancy Evaluations 
 
 

INTRODUCTION 
Briefing is a pre-design process for building design that, at present, mostly ignores environmental issues (Moore and 
Hyde 2006). However, as Australia’s current water crisis shows, good environmental management is necessary to 
ensure better future use of Australia’s natural resources. The architecture profession is not exempt from this national 
imperative. This paper argues the importance of a pre-design environmental briefing process linked to a post 
occupancy evaluation (POE) system, which has the potential to achieve better environmental management in future 
built environments in Australia.  The research that underpins this argument involves examining the application of an 
integrated briefing and POE process to the Lark Quarry ‘Trackway’ building, Queensland. This is an innovative 
building, using an environmentally sustainable design, meant to provide a museum and tourism facility. The first part 
of the paper examines the theory underlying the integrated approach, which draws on concepts of ‘Environmental 
Briefing’ (Hyde 2006, forthcoming) and POE models for the design process. The second part presents the initial 
findings of a post-occupancy evaluation (POE) of the Lark Quarry ‘Trackway’ building in Central Western 
Queensland, which evaluate the operational performance and overall effectiveness of the museum’s environmental 
features. The third and final part includes recommendations for theoretical improvements to the integrated approach 
and illustrates the importance of environmental briefing procedures in the realisation of public and commercially-
driven buildings in Australia. 
 
1. THE DESIGN PROCESS: ENVIRONMENTAL BRIEF AND POE THEORY 
 
1.1. Environmental briefing (EB) 

Architects are coming to see the project brief developed by the client as the most crucial part of the entire design 
process, in terms of achieving high-quality buildings. It is argued that a brief that clearly articulates environmental 
issues is likely to be extremely effective in driving the building design and producing good environmental 
performance. It is further argued that the briefing stage should be used to the full, to set out environmental criteria that 
will allow assessment of the building’s performance throughout the various stages of the design process. This 
approach can effectively ensure that environmental design strategies are not compromised. For these reasons the 
implementation of the environmental brief is seen as an important step on the path to achieving a high level of 
performance of the overall environmental design strategies. The EB system has been developed from the theoretical 
work (Watson et al 2000) and practical testing involved in a number of pilot projects (Hyde 2006, forthcoming). The 
components of the system, shown in Figure 1.1, are set out in a series of stages, in a general-to-specific framework. 
Stage 1 involves starting with goals and objectives; Stage 2 consists of parameters; Stage 3 concerns strategies; and, 
finally, Stage 4 provides recommendations for their application. Stages 1 and 2 are largely descriptive, mapping the 
issues in the project. It is in Stage 3, strategizing, that the usefulness of the tool is most apparent, since its analytical 
framework supports design decision-making. 
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The implementation of the EB system requires the adaptation of existing design and procurement processes. Table 1 
shows an example of how the process, as used in Australia, can be adapted to emphasize the use of the brief as a 
tool for environmental design. 
 

 
Figure 1: Components of the Environmental Brief 

 
1.2. Environmental briefing and the design process 
Research has identified two further pathways for designers, in addition to that for environmental briefing. An important 
pathway includes not only environmental assessment systems (incorporating environmental management principles) 
but also the use of tools such as rating and benchmarking systems. An additional pathway that has been identified 
involves the use of blueprinting systems to feed forward information from existing building into the design process. A 
unified approach in the design process that links these pathways may assist with improving the environmental 
performance of buildings. Research into POE theory has supported this idea of making better use of the last step in 
the design phase. 
 

Table 1: Steps in the design process related to the pathways for green design 
 
Steps Step 1: Pre-design Step 2: Sketch design

 
Step 3: Detail 

design & 
construction 

Step 4: Post occupancy

Pathways     
Environmental briefing 
systems 

Charettes, briefs, 
reports, principles 

Analytical studies 
Strategies 

Measures & 
technologies 

Evaluation of operational 
performance against the initial 

brief 
Environmental assessment 
systems 

Checklists  
Pre-assessment 

Design phase rating systems 
Design phase benchmarking systems 

Operational phase rating 
systems and benchmarking 

systems 
Blueprinting systems    Case studies 

Surveys of buildings in use 
Monitoring, analytical studies

 
1.3. POE Theory 

 
‘Post-occupancy evaluation (POE) is a review technique for systematically assessing the appropriateness of 
facilities. It involves the study of the quality of a facility once it has been occupied and is in full use. In general, a 
POE does not examine the project delivery or construction process but concentrates primarily on the performance of 
a completed and occupied facility.’ (Bycroft and McGregor 2002: 1.) 
 

The theoretical framework for post-occupancy evaluation is grounded in people-environment theory, which assumes a 
two-way interaction between people and their built environments – i.e. the impact of the facility on people and the 
impact of people on the facility. Environmental impacts on people are those described as cultural, social, behavioural 
and physiological, while the impacts of people on buildings are economic — the cost of maintenance, and operational 
costs, and technical — the failure or deterioration of building components. 
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The forty-year history of POE displays four main theoretical shifts since the initial development of the practice in the 
early 1960s. POE was originally developed in the United Kingdom as a performance evaluation of particular buildings, 
but has since expanded, starting with a first shift in theory toward being more people-focused. A second shift in theory 
saw the integration of a ‘business-outcome model’ that made the approach more relevant to the economic objectives 
of projects (Bycroft and McGregor 2002: 2). Yet the importance of POE in terms of its relevance for design 
professionals was being questioned; in 1981, Law published the findings of a survey into the use of post occupancy 
evaluation by Australian architects. They showed that ‘only 10% of architects return to consciously and voluntarily 
learn from the experience of their buildings in everyday use’ (Leslie 1987). This apparent lack of use in the 
architectural profession was seen as a symptom of the lack of theoretical development of POE itself. In spite of it 
maintaining a cross-disciplinary focus and drawing from non-architectural fields, such as environmental psychology, 
sociology, and economics, it is still not widely practiced. This failing promoted a third shift in theory to a focus on the 
needs of the practitioner. Preiser (1995) has identified three ‘levels’ or types of POE – indicative, investigative, and 
diagnostic – and explains that each level is related to the effort a practitioner must expend in undertaking a particular 
evaluation. 

1. Indicative POEs are quick, walk-through evaluations, involving structured interviews with key 
personnel…as well as inspections in which both positive and negative aspects of building performance are 
documented photographically…  

2. Investigative POEs are more in-depth and they utilize interviews and survey questionnaires, in addition to 
photographic …and physical measurements… 

3. Diagnostic POEs are focused, longitudinal and cross-sectional evaluation studies of such performance 
aspects as…safety, orientation…lighting, privacy, overcrowding, etc. (Preiser 1995: 22.) 

 
Building on Preiser’s (1995) work, Bycroft and McGregor (2002: 5) explain the differences in each type of POE. They 
show that the indicative POE has a broad scope, which gives immediate feedback to the evaluator, whereas the 
investigative POE “involves a more detailed analysis,” and builds on the indicative approach by focusing on the 
technical aspects of the building’s performance. The diagnostic type of POE is a comprehensive assessment, which 
incorporates aspects of the indicative and investigative approaches, and adds other evaluative components, such as 
economic and community (cultural) characteristics (Bycroft and McGregor 2002: 5). According to Bycroft and 
McGregor (2002: 6), the purpose of a POE investigation is firstly to ‘feed-back’ or fine-tune an existing project, which 
generates a brief for proposed alterations, and may establish a management programme for the building; and 
secondly, to ‘feed-forward’, which involves providing a draft brief and general information for use with future projects 
of a similar nature.  
 
1.4 Advancing POE theory: linking the design brief to improved sustainability in building performance 

A fourth shift in theory is emerging, with the grounding of POE methodology within the sustainability research 
paradigm (Roaf 2004).  As it embraces the ‘four pillars for sustainability’ theory, which focuses on four main areas for 
sustainable building practice: ethical and cultural values; social and community values; environmental values; and 
economic values, additional relevance to building design professionals and clients may ensue. In light of this, we (the 
authors of this paper) have devised a practice-based method, combining both qualitative and quantitative approaches 
for the POE, in order to test the environmental briefing objectives of the Lark Quarry Trackway building. 
 
The Lark Quarry POE study is intended to provide both ‘feed-back’, suggesting improvements to be made to the 
building, as well as ‘feed-forward’, making suggestions for improvements to the environmental briefing process for all 
similar projects in the future. 
 
The current research method is focused more on the diagnostic framework, as it incorporates aspects of both the 
indicative and investigative processes outlined above. This framework sets up a longitudinal research methodology to 
study the museum’s technical performance over a six-month period, as well as investigating the cultural and 
community impacts of the Lark Quarry building. 
 
This model specifies a number of areas for data collection and analysis concerning the environmental performance of 
the Lark Quarry Trackway building. The authors have focussed on such aspects as the technical performance of the 
building, recurrent operational costs, and human physiological impacts.  The theoretical framework for this exercise is 
grounded in the Royal Australian Institute of Architect’s (RAIA) BDP Environment Design Guide (EDG). This RAIA 
EDG document has become the industry standard text and serves as an important resource for the Australian 
architectural profession. EDG covers post-occupancy theory in detail, due to its relevance to ecologically sustainable 
design.  
 
2. CASE STUDY 
 
2.1. Role of the Lark Quarry Brief 
The Lark Quarry Trackway Building is in a remote desert area, 120 kilometres southwest of Winton in Central 
Queensland, and accommodates a set of dinosaur footprints that are unique to the area and have been 
acknowledged to be of significant archaeological value. The Lark Quarry Conservation Park protects these excavated 
dinosaur footprints, which are 93 million years old and are the world’s best-known record of a dinosaur stampede. 
The isolation and fragility of this natural resource requires special consideration with regard to access, conservation 
and presentation. The Lark Quarry project offers an ideal case study, due to its remote and highly fragile desert 
ecology (see Fig. 2). 
 
 
 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 418 



2.2. Functional Requirements 
A working group was established, with representatives from Tourism Queensland, the Queensland Parks and Wildlife 
Service, the Department of the Premier and Cabinet, the Queensland Heritage Trails Network and a number of 
consulting organizations, to produce a concept design and pre-feasibility study in order to progress the development 
funding for this project. The major issues considered by the working group in formulating this report were preservation 
of the Trackway surface; ongoing funding of site facilities; additional requirements brought about by increased site 
visitation; and defining the interpretation focus for the facility. 

 

 
Source: (Gall and Medek Architects) 

Figure 2: The Lark Quarry Museum: located 1340k northwest of Brisbane on the Tropic of Capricorn – the transition 
point between the temperate and hot humid zones  – and situated in a hot dry climate surrounded by geologically 

significant mesa-butte topography.  
 
Further issues were promotion of the Trackway facility; accommodation at the facility; and the incorporation of 
ecologically sustainable design and technology, appropriate for the environment and the experience. The Queensland 
Museum advised that the Trackway could potentially extend further into the hill on which they are situated, and that 
other, as yet undiscovered, palaeontologic resources might be found on any or all of the surrounding ridges. This 
information resulted in the decision to locate the primary visitor facility, together with any camping accommodation, 
well away from the Trackway conservation building. The design objectives for the project encompassed the 
conservation of the dinosaur tracks; accommodation and access for visitors; and the interpretation to visitors of the 
meanings of the tracks and the surrounding landscape, focusing on the existing landscape and the history, theories, 
and information behind the dinosaur Trackway.  This was to be accomplished through ‘best practice’ ESD 
(Ecologically Sustainable Development) principles. 
 
2.3. Design Approach & Environmental Goals 
The sustainability goals and objectives of the Lark Quarry Museum were included in a pre-feasibility study carried out 
by Tourism Queensland. This has resulted in a comprehensive document that includes sketch design concepts. 
Sustainability objectives, although not in the brief, were integrated by way of this study. A design approach, integrated 
between designers, engineers and environmental managers, came about during this project. The complete team, with 
multidisciplinary members, had joint oversight of analytical work and testing, in an interdisciplinary and coordinated 
approach using design charrettes (brainstorming sessions) to facilitate better communication between the client body 
and the consultant team. There was evidence of the use of energy audits, benchmarks, targets and thermal modelling 
where energy concepts were dealt with in the energy consultant’s report, which included daylighting studies. The 
team also worked within an Environment Management System in operation at the Conservation Park, which included 
statements of the energy concept, energy ratings and thermal modelling.  The operations manual for energy 
standards and energy audits specifies an operational statement for post construction project assessment, operational 
control and, where appropriate, continual improvement of environmental and local impacts through the Queensland 
Parks and Wildlife Service. ESD initiatives were included at the early cost planning stage of this project. The 
architects developed a policy to integrate the builder’s advice at an early sketch design stage of the project, so as to 
better mesh the environmental, construction and economic issues in the design. A valuable strategy in the exercise 
was to use a bill of rates for work for the project, giving a degree of transparency to the project costing process, 
allowing for variations during design development to be easily costed. An added benefit was that the builder was 
selected and engaged early in the process and provided input into the construction documentation of the building.  
This meant that the builder became a critical part of the design team for documentation. The builder’s advice on 
suitable construction methods was also critical, with the builder becoming directly involved with QPWS (Queensland 
Parks and Wildlife Service) in relation to minimizing impacts on the site through the Conservation Park EMS 
(Environmental Management Standard). 
 
2.4. POE Research Methodology 
The post occupancy evaluation of the Lark Quarry Museum involved discussions with designers, clients and users 
concerning the building’s design intent and its current operational and environmental performance. The purpose of 
the evaluation was to establish the extent to which the building had addressed this original intent, as well as focus on 
the design and construction process, and how this was assisting to reduce environmental impacts. The POE also 
considered the effectiveness of passive systems to adequately control comfort and provide a stable environment for 
the museum’s artefacts, as well as to measure the ongoing operational savings in water, energy, and waste that 
come from the design systems used in the building methodology. The POE also evaluated the operational 
performance of the building, acting through an environmental framework, and considered the relevance of this 
approach for use in practice for other public buildings of a similar nature. The main intention of the POE was to 
develop measures for a broader framework, while refining the Environmental Brief for wider use in architectural 
practice. 
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The POE research methodology involved an initial two-day site visit in June 2006, with plans for a follow-up visit in 
early December 2006. This initial field trip to Lark Quarry installed the measuring equipment, and gave researchers 
an opportunity to discuss the operational and environmental performance of the building with museum staff.  The 
period for evaluation is the six months between July, the coolest time of the year, and February, the hottest.  Portable 
and non-intrusive data loggers were set up to measure diurnal temperature and humidity changes at 30-minute 
intervals over that period.  Lux meters were used to gauge the effectiveness of the building’s skylights.  Airflow within 
the building is currently being measured with anemometers.   
 

 
Source: (Gall Medek Architects). 

Figure 3: Plans and sections of Lark Quarry, illustrating the location of the rammed earth internal walls and external 
skin comprised of insulated sandwich panels. 

 
Ventilation flows around and through the building were also investigated and the night purging system, which 
currently deals with humidity levels, is being investigated. The effectiveness of the existing skylights for temperature 
control is also being investigated. 
 
2.5. Design Strategies and Building Performance  
The planning of the Trackway complex is based on a number of factors. A key influence on the position and the form 
of the Trackway building and its geometry is the nature of the dinosaur tracks. The excavation is approximately 22m 
by 22m and roughly triangular. The resulting building is a big ‘shed’ comprising a steel superstructure (on a six-metre 
grid) that spans across the tracks in providing the enclosure. The form has additional bays added to the roof structure, 
which extend the building into the hill to provide good shading and keep ground water away from the building. 
External cladding is lightweight, with insulated external walls and heavyweight rammed earth internal walls. The 
Trackway building is linked to the entrance building by a walkway that forms a bridge over the landscape. The 
entrance building is based on a three-metre grid, and contains seating and an information area. The building is heavy 
in weight, with timber batten screens and a louvre system to control ventilation. The main strategy for energy 
efficiency and conservation is the use of passive strategies, such as thermal mass and insulation. 
 
2.6. Physiological factors: The use of passive and thermal mass strategies 
Climate data for the site was taken to be the same as at Longreach, since there is currently no climate recording on 
the site. Longreach is the nearest official weather station to Lark Quarry. Situated at 23' 27" S latitude, and 144' 15" E 
longitude, Lark Quarry has a hot dry climate with average temperature levels mostly within the human comfort zone 
(22-27°C) throughout the year.  From May to August, the average temperature levels are below the comfort zone; so 
heating may be required for these months. This can be achieved through passive solar heating. For the other months, 
temperature levels are mostly higher than the comfort zone and thus require cooling. For passive cooling, better 
ventilation is needed. One of the best methods in this situation would be to use the stack effect, where cold air enters 
the lower areas of the building during the night and displaces the lighter, hotter air exiting from the upper levels. Air 
will need to be filtered to prevent dust from entering the building. Thermal mass is a key to stabilizing the temperature 
for user comfort in this building. In addition to thermal mass, insulation and limits to the glazing area are also 
important for comfort issues as well as preserving the dinosaur footprints. The average relative humidity level ranges 
around 20 to 50 per cent during the year. In summary, with low humidity and a high diurnal temperature range, the 
bio-climatic strategies used to cool and heat the building naturally are mass effect – using the thermal flywheel effect 
of heavyweight materials, air effect – using the cooling effect of lower night-time temperatures, and evaporative 
effects – using water cooling (see Fig. 4). 
 
Internal walls are made of rammed earth, 300 to 450mm thick, that provide thermal mass for the building. The 
envelope and line of enclosure use a lightweight cladding system comprising 100mm thick composite steel sheets 
with polystyrene cores (see Fig. 5). This gives a thermal resistance (R-value) of 1.5 in the wall structure. The roof is a 
lightweight galvanized iron cladding with rigid plastic insulation and felt sisalation (radiant barrier) providing an R-
value of 2.5. The rammed earth walls and floor are the main elements of the thermal mass. These thermal resistance 
values are appropriate to deal with the average temperatures at Lark Quarry, however questions arise when they are 
required to deal with the extreme temperatures during summer and winter. The authors are unsure as to these values 
at the moment, since the investigation is ongoing. 
 
Other questions have been raised, as to whether the insulated skin was necessary, or would the 450 mm thick pise 
adobe walls be sufficient, given that it has an R-value of only 0.5. Initial modelling and investigations reached a 
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number of conclusions, for example, in the pise adobe walls the energy required to maintain comfort between 23 and 
28°C was 154MJ/m for cooling, and 46MJ/m for heating. With the external insulation, the walls, at R1.5, achieved 
33MJ/m for cooling, and 23MJ/m for heating. This performance improvement, with external wall insulation, reduced 
cooling energy by eighty percent and heating energy by fifty percent. Positive effects on thermal comfort were also 
found with the insulated walls.  The building was simulated under free running mode in summer (assuming a small 
degree of night-time ventilation) to assess comfort and the effects of insulation. Uninsulated walls kept the annual 
temperature range in the building to 14 degrees C or between 18 and 33°C for the whole year. Insulating the walls 
reduced the annual temperature range to 11 degrees C (19 - 30°C). This reduction of temperature range is crucial for 
the preservation of the Trackway building and modelling has shown the indicative range of temperatures that can be 
maintained. Further parametric studies were done to check the range of temperatures on hot days in summer and in 
winter and demonstrated similar results. The value of a hands-on POE investigation means that actual testing can 
now be done to prove whether or not these desired temperature ranges actually occur in the building now it is 
constructed.  
 

 
Source: (DA Sketch Pad) 

Figure 4: Psychrometric information for Longreach. The climate delivers significant under-heating in winter and over-
heating in summer, the area being notorious for extreme variations in temperature. Low relative humidity dominates 

the yearly moisture cycle. 
 

 
Source: (R.A. Hyde) 

Figure 5: Lark Quarry Museum gallery area – role of thermal mass; interior view of sandwich panel construction; and 
display area – need for retrofitting ventilation.  

 
The form of the building is not necessarily optimised for climate considerations (i.e. through its orientation) due to its 
function. Both the Trackway building, and the entry and display facilities building, are oriented along an east/west axis 
with orientation eight degrees west of north, with its longitudinal side facing North and South, thus minimizing 
exposure to West and East. The optimum orientation would have been to align the building east/west. This is a 
common situation with this type of building, where function is of primary importance, and it leads to a reliance on 
manipulating the envelope to achieve energy efficiency and occupant comfort and preservation of the site. Shading 
has been designed so as to exclude western sun exposure. The building has been designed with minimum window 
area to suit the preservation/interpretation function and to minimize heat gain in the building. The wall construction is 
heavyweight rammed earth, set well clear of the footprints. The external veneer is sandwich panel construction on the 
outside to act as insulation and for night purging. The building is designed to exclude breezes during the day in 
summer when the maximum external temperature is around 40 degrees C. Theoretically buildings of this type with 
thermal mass should perform better if the thermal mass can be cooled by the external night air. Desert locations such 
as this have a high diurnal temperature range and the heat sink effect of the thermal mass can be used to advantage. 
The simulations were carried out with night purging included. The comfort conditions inside the building were much 
better, then, but the diurnal temperature variation was also greater. This approach is better for human comfort but 
worse for preservation of the Trackway.   
 
2.7. Daylighting 
On a cold day in July in winter, the external temperature variation was from 4.0 to 21.9°. In the building with externally 
insulated walls this produced a temperature range between 19.4 and 21.5°. As to annual temperature variation 
throughout the year, every 6-7°C variation in external temperature produced about 1° variation inside the building 
when the walls were externally insulated (Wilrath, op. cit., p4).  Daylighting is delivered into the building by ten angular 
selective 1.2 m square Skydome skylights (Skydome 2004). Modelling of daylighting in the Trackway building 
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revealed that these provide adequate daylight all the year and for differing sky conditions (Wilrath op cit: 3). Light is 
admitted through the roof and a diffusing panel is placed at the ceiling to reduce glare. 
 
2.8. Building envelope 
An interesting outcome from our initial POE was that, in comparison to the theoretical Mahoney Analysis, which 
stated that no cross-ventilation was required, in practice cross-ventilation was required, with the building envelope 
failing to provide necessary access for cooling breezes during hotter, more extreme, periods of the year.  Overall, a 
defensive building is recommended for Lark Quarry’s dry hot climate. A defensive building is defined as one that 
primarily uses the building envelope to mitigate heat gains or losses due to the exterior environment. The opposite of 
a defensive building is an interactive one, where the envelope works to accept favourable heat flux and reject 
unfavourable climate events.  The Lark Quarry building can be both. In winter it is primarily closed to conserve heat 
whereas in summer it can be closed during the heat of the day and opened during the night, to ventilate the building 
and keep temperatures constant inside. The main objective of this project is not only to provide thermal comfort for 
visitors but to also avoid damage to the footprints through excessive expansion and contraction. This strategy of 
combining defensive with interactive capability in the envelope is appropriate. 
 
2.9. Research Findings 
The research team visited the site in July 2006 to set up the instrumentation. Initial spot measures were taken to 
address three main questions: 1) what variation in temperatures is found in and around the building? 2) what level of 
thermal comfort is provided in and around the building? 3) how was the building operating in terms of environmental 
criteria? 
 
With regard to thermal comfort, spot temperatures taken recorded that the building functions well during winter as it 
stayed within the human comfort zone; however, small temperature variations were found in the internal gallery and 
adjacent veranda spaces. Variations were also found in the heat flow through walls, depending on the extent of 
shading to the external skin. Data on electricity and water usage could not be collected, due to a lack of available 
meters.  Initial discussions with users of the building pointed to satisfaction with the building in winter, but areas of the 
building, such as the enclosed veranda and gallery spaces, were said to overheat in summer. As a result the building 
has a short visitation season in winter, but the use in summer could be extended if the thermal comfort issues could 
be resolved. The recommendations based on these observations are: 1) install electricity meters to record energy use 
and yield for a photovoltaic system; 2) install water meters to log water yield and consumption; and 3) implement a 
questionnaire regarding comfort levels for users and visitors.  The POE study was extended to include the summer 
period, when the extent of the overheating problem could be investigated. In addition a questionnaire system is being 
developed for use in the building. 
 
3. RETURN TO THEORY: LINKING THE BRIEF TO POST OCCUPANCY STUDIES 
 
3.1 Creating an interactive environmental briefing process 
Judging by the initial work at Lark Quarry, it may be advisable to include recommendations in the brief, for POE work 
to enhance environmental performance in the operational phase of the building. The POE process could involve 
additional activities, in an interactive manner with the design team and the client, which might assist with fine-tuning 
the building to improve its performance. Figure 6 below illustrates some of these activities. 
The POE acts as a diagnostic activity to assist with commissioning the building’s passive and active systems, so that 
these can operate at their optimum. Users are not experts in this type of work, and require assistance to utilise the 
building at optimum. 
 
3.2. Initial Findings 
Initial findings from the study show the need to link the briefing process with the POE study. Discussions with the 
client and the architect revealed a need to use the POE as the basis for further design development work. Figure 6 
shows the basis for this work, where the POE is included as part of a commissioning retrofit process of design 
development. In environmental terms, this allows for the adoption of important principles such as continued 
improvements and to reduce cost and environmental impacts. Implementation of environmental standards such as 
the Green Globe 21 could also be used to improve the briefing process and the subsequent building performance. 
 

 
Figure 6: Linking the brief to POE to improve environmental performance. 
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DISCUSSION AND CONCLUSION 
 

The ‘cultural’ and ‘information management’ impediments to the acceptance and utilisation of POE in the design 
profession have far-reaching implications in terms of wasted resources and sustainability. More importantly, there 
needs to be a significant change in the ‘arts paradigm’ that still predominates the architectural profession…there is 
growing evidence that the design professions are losing significant ground because of these inabilities. (Bycroft and 
McGregor 2002: 3.) 
 

The project is an example of a remote tourism facility designed to work within the ecosystems that form its context. 
This includes the natural and man-made environments. Lessons learned from this project are as follows: 1) 
coordinated supervision of and communication with sub-contractors is important in order to persuade them to use 
environmentally responsible construction processes. Because of the fragile nature of the Trackway, everything needs 
to be done either from above or outside during construction; 2) building systems and methods are specified to reduce 
energy consumption and waste during construction; 3) transportation energy is a key component of remote projects. 
Using locally sourced materials and labour minimizes this demand for energy. Minimization of waste during 
construction is achieved through extensive prefabrication, to avoid on-site cutting and minimize waste from off-cuts; 3) 
a low service intensity of the building has been achieved. Air-conditioning has been avoided, so it is possible to 
achieve a high degree of autonomy for the building. Service needs for energy and water are met from onsite 
harvesting; 4) the most important design lesson for the Lark Quarry project is to understand the interaction between 
all issues, which include: land impact, energy related issues, resources, construction methods, local economy, local 
approval, expertise and intervention, social issues, etc. As everything is interconnected, decisions need to be well 
thought out. Certain difficulties emerged at different times for the various parties involved, especially as the site has 
great historical importance and requires complex programming, budgeting and monitoring. Thus, conservation and 
minimal site disturbance during construction, and good communication among all parties are vital for the Lark Quarry 
project; and 5) cooperation with the builder was a key strategy in achieving the level of sustainable development in 
this project. 
 
In conclusion, the Lark Quarry project has offered valuable design lessons for architects and designers. It is the 
preservation, accommodation and interpretation that make the project instructive and worth documenting for future 
reference. Further improvement can be achieved through implementing POE studies and operational environmental 
standards. It is seems important that at the initial part of the design phase, when briefing takes place, that post 
occupancy work will be needed to ‘fine tune’ the building performance through retrofitting and commissioning work. 
The lack of this type of activity at Lark Quarry is preventing optimum utilisation of the building in terms of providing 
comfort for users and also protecting the artefacts within the building. Use of POE to test the objectives of the brief in 
an iterative manner holds some further potential for ongoing improvement of the environmental performance of the 
building.  The discussion to this point in the paper has focused on presenting initial findings, the authors are due to 
return to Lark Quarry, either later this year or in early 2007.  While the research findings are limited at this point, 
preliminary results illustrate the necessity for good pre-design environmental briefing with a follow up post-design, 
post-occupancy evaluation.    
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