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Abstract: Steven Szokolay acknowledged that some academics consider the term architectural science 
to be oxymoronic. This paper argues that it is a suggestion worth investigation in terms of how 
architectural education is to be conceptualised as a future focused program. The notion that the 
science-based aspects of architecture might profitably be made distinct from other aspects of the 
profession suggests a constructivist perspective of how architecture ought to be taught. It assumes that 
architecture is best learnt as an ordered progression through a logically arranged set of subjects, the 
completion of which will ensure the knowledge and skills the profession expects. As we approach the 
second quarter of the twenty first century, such isolationist view of domains of practice are increasingly 
considered to be inappropriate in a profession wherein declarative knowledge is ubiquitous and readily 
assessable but innovation and creative ideas are few and far between – regardless of the fact that 
architectural practice ties its reputation to the latter.  
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1. Introduction
The assertion that science and art meet in architecture has acquired a substantial and largely 
unchallenged history, dating back to the subsumption of the profession’s training into the academy. In 
terms of research and practice, the meeting of science and art in architecture is far from settled because 
the fundamentally conflicting assumptions and methodologies of creating and evaluating new 
knowledge favoured by either of the two has caused increasing friction and contestation within both the 
academy and the professional association. Both the academy and the profession foreground design as 
architecture’s principle aspect. For example, the first five of the nine competencies required for 
registration as an architect in Australia focus on design whereas only two focus on project delivery. 
Universities too focus the importance of design in the standard five years of higher education required 
to graduate as an architect. For example, in the University of Melbourne, the undergraduate pathway 
degree to a Master of Architecture qualification will be the Bachelor of Design. 

Design is generally seen as the handmaiden of science and engineering on the one hand and as a less 
salubrious manifestation of art on the (less dominant) other. Science is generally assumed to provide the 
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concrete building blocks of design; the incontrovertible factual data that grounds the imagination and 
stops flights of implausible fancy in their tracks. Regardless of their aesthetic, buildings are argued to 
require functionality and art is more or less a cosmetic extra. In actuality, new architectural knowledge 
is more likely to be generated through artistic research than scientific research and this shift in focus is 
having a discernible impact on how architecture is taught and how architects are trained. 

Architecture is an open domain of knowledge that continues to refine and reconstitute its 
boundaries both in terms of skills and knowledge. It is also a cross-disciplinary domain of knowledge. 
Practitioners regularly appropriate knowledge from other domains. Design is not a domain of knowledge 
per se but a strategic framework that ranges across numerous fields of enquiry and expertise. Design is 
fundamentally the derivation of a tangible solution to a real or hypothetical problem. When confronted 
with a familiar problem to solve architects draw on what is already known, which is the basis of all 
expertise. When architects are faced with an unfamiliar problem, they are required to speculate, 
experiment and innovate. Creativity in architecture expands the boundaries of expertise by borrowing 
from other domains of knowledge as much as pursuing what-if ideas within its boundaries. Such 
strategies are the defining characteristics of artistic rather than scientific research but the methods of 
research used in the sciences are, according to Paul Feyerabend (1993) far from hard. Hard science 
generally refers to domains which knowledge is derived by way of objective and quantitative 
methodologies, and includes physics, chemistry, mathematics and so on. The soft sciences – including 
psychology, biology, archaeology and geology - tend to accommodate a portion of qualitative research. 
Basically these “soft science” fields of enquiry tend to recode qualitative data as quantitative data in 
order to perform statistical analyses that resemble the statistical analysis performed on quantitative 
data in order to give the research a patina of academic authenticity. 

There are two major flaws in this largely academy-sponsored development. First is the assumption 
that soft science research is familiar to most people; that it is to a large extent, common knowledge 
(Kelley, 1992). It therefore lacks the gravitas of research that is more remote, that requires learned 
expertise to generate. Second is the lack of understanding that systemic knowledge, the underlying 
complex structures of theoretical framework generated by the soft sciences to cognitively accommodate 
complexity in order to predict rather than simply articulate, is in general terms more sophisticated in a 
real world science that anything pure mathematics can come up with. Nonetheless the lopsided and 
unevenly funded divide persists. Moreover, there has been a growing tendency to assign the word 
science to domains of knowledge or fields or enquiry that seem to have little cause for such appellation: 
political science, social science and philosophical science to name a few. In deed Christian Science has 
been around since 1875, when an attempt was made to reconcile “received” with propositional 
knowledge. Some one hundred and forty years later, that reconciliation is still a way off but there are 
those who remain dedicated to the task. Christian Science is conceptually akin to philosophical science, 
and it is not at all surprising that Marxist thought has found a spiritual home there. 

The existence of an Architectural Science Association assumes that architecture can be scientific; 
that architecture can be practiced scientifically. According to its website, the Association exists “to 
promote architectural science, theory and practice primarily in relation to teaching and research in 
institutions of higher education”1. Where, on the continuum that has hard science on one end and soft 
science on the other, architectural science places its marker has changed over time. As this year’s 
conference is titled “Fifty years later: Revisiting the role of architectural science in design and practice”, 

1 http://anzasca.net/about/ 
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it seems an opportune moment to consider whether or not architectural science remains useful agency 
in both the profession and its training. 

The Association is “committed to the development, documentation and diffusion of the principles of 
architectural science and including but not limited to the application of natural and innovative 
techniques for sustainable architecture”. It promotes “high quality research, practice and education in 
environmentally sustainable design”. Architectural science therefore has to do with research, practice 
and education. Sydney University posit that because they have “extensive experience analysing and 
controlling the physical phenomena affecting buildings, practitioners of Architectural Science have a 
profound impact on the function, aesthetics and efficiency of architectural spaces”2. Their Master of 
Architectural Science has the following majors: Audio and Acoustics, High Performance Buildings, 
Illumination Design, Sustainable Design, Facilities Management and Building Services, with the last two 
offered as graduate certificates rather than master’s degrees. Only Curtin University offers a Bachelor of 
Applied Science (Architectural Science), the prerequisite undergraduate degree for a Master of 
Architecture degree. The degree consists of two streams: Architectural Design, Science and Technology, 
and Architectural Culture and Design Communication. Conceptually then, Architectural Science exists in 
contrast to Architectural Culture. Interestingly Architectural Design is aligned with Science and 
Technology while Design Communication is aligned with Architectural Culture. Curtin University also 
offers its undergraduate degree program through Open Universities and various TAFE colleges. 

Steven Szokolay defines architecture as ‘the art and science of building’ and argues that without a 
scientific basis it cannot create built environments that are sustainable. He traces architectural science 
as a specific knowledge domain back to H. J. Cowan who coined the term in 1954 to indicate the 
scientific basis of architectural design – mainly in terms of materials, construction and structures - at the 
University of Sydney. Szokolay articulates how the field subsequently broadened to accommodate the 
physical science aspects of architectural design and, later, the relevant areas of the social sciences. 
Eventually the use of energy and resources – sustainability – became the main concern. And there, he 
argues, architectural science as a discreet field of inquiry should have stopped, registering dismay with 
those who consider architectural science oxymoronic: 

Since then, unfortunately, some extreme exponents of post-modernism came to consider 
architecture purely as an art-form, denying Sullivan’s tenet: “form follows function”. This has led 
to the most extravagant, unorthodox, contorted and crazy buildings. The odd few can be 
tolerated here and there in an existing sober and solid urban context but heaven forbid this 
becoming the ‘norm’. It is pure formalism, at the expense of function and environmental decency 
(Szokolay, 2014: viii) 

In essence then, architectural science assumes that its knowledge domain has been verified by 
research that is scientifically valid. The function of research is to add to knowledge. Research involves 
experimentation, explication, re-interpretation or postulation. Where in architecture does 
experimentation occur? It is a complex question because architecture has become a blanket term for 
any human intervention in the built environment – virtually or physically. Richard Hyde (2016) takes 
what seems to be a more progressive view, arguing that architectural science advances by way of both 
theoretical and practical research. Earlier (2013) Hyde had posited that convergent methodologies – 
those that have both quantitative and qualitative methodological frameworks - could have significant 
benefits for architectural science which hitherto had commonly used only the scientific method to 

2 http://sydney.edu.au/architecture/architecturalscience/ 
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answer complex questions concerning the built environment. Hyde points out that architecture in 
practice already uses a combination of hard and soft science methodologies, and multi-methods allows 
for triangulation of findings. In this paper, I am positing the idea that architectural science needs to go 
even further to remain relevant in architectural research because architecture is not simply about 
designing what is possible but designing what may be possible. Hard scientific research at best can 
provide the basis for innovation and at worst stymie experimentation. 

This paper is principally concerned with how architecture is conceived as a future focused field of 
enquiry and practice, and how it is taught as such in the twenty first century. In most degree courses in 
the western world, the fundamental aspect of architecture education is design, and other aspects 
radiate out from that fundament. Moreover, that structure is also evident in the professional 
organization, Architecture Australia. Therefore, it is at this elemental level where research outcome 
ought to be focused. By way of a nod to the academic zeitgeist, any paper that seeks to consider design 
as research outcome had better declare what it takes research to be (Balkema & Slager, 2004). The 
Oxford English Dictionary defines it as: 

Systematic investigation or inquiry aimed at contributing to knowledge of a theory, topic, etc., by 
careful consideration, observation, or study of a subject. In later use also: original critical or 
scientific investigation carried out under the auspices of an academic or other institution. The 
product of systematic investigation, presented in written (esp. published) form. [OED 
unpaginated] 

At heart then, research is the gathering of data and information to be synthesized into knowledge 
that increases what is known within a domain, usually by way of answering a question postulated to 
refute a negative hypothesis. Two pertinent issues arise. First, the investigation needs to be systematic. 
Second, the investigation needs to be original, critical or scientific. Nowadays, there seems to be an 
assumption that the investigation, and its product, needs to be original, critical AND scientific but 
despite it being ingrained, that assumption is contentious for two reasons. First, epistemologically there 
is no historical basis for it and second, functionally it is a contradiction in terms. 

In terms of the history of human knowledge acquisition, the scientific method of research is a very 
recent development. Other methods have substantially longer histories: observation, insight, 
superstition and religion, trial and error, hermeneutics as methods of knowledge creation have been 
around a lot longer. None of those involved either a hypothesis or systematic methodology, and 
whereas science affords them a diminished status as data-gathering mechanisms, they garnered 
tremendous amounts of knowledge. The scientific method of research (Betz, 2011:22) evolved in the 
seventeenth century in Europe as an “intellectual conjunction of the research of six particular 
individuals: a scientific model that could be verified by observation (Copernicus); precise instrumental 
observations to verify the model (Brahe); theoretical analysis of experimental data (Kepler); scientific 
laws generalized from experiment (Galileo); mathematics to quantitatively express theoretical ideas 
(Descartes and Newton); and theoretical derivation of an experimentally verifiable model (Newton). 
Items 3 to 6 inclusive indicate that the paradigm is based on quantifiable modeling. However, the notion 
that theoretical ideas can be expressed mathematically is philosophically if not naturally contestable. 
Mathematics is a wholly invented paradigmatic framework, and as such allows perfection and closure. 
Mathematical theorems are proved or disproved within that framework. For example, the conundrum 
at the heart of Fermat's Last Theorem (There are no whole number solutions to the equation xn + yn = 
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zn when n is greater than 2) remained unsolved for 300 years because more mathematically consistent 
aspects needed to be constructed by way of reductionist logic (an invariable algorithmic sequence) in 
order to solve it. Number theory falls under the heading of “Pure Science”, a domain of hypothetical 
knowledge wholly dependent on if-then relationships that contribute to the set of its defining 
characteristics, where proof relies on whatever knowledge has already been accommodated within the 
domain. In the case of Fermat’s Last Theorem, it had to wait until algebraic geometry had built up 
enough knowledge to allow the puzzle to be solved. The Mathematics Academy generally sees its 
resolution as proof of the theorem. But both the proof and the theorem are hypothetical fabrications, 
phenomena that exist only artificially as coherent and systematic conjecture. Such propositional 
knowledge often forms the basis of hypothesis-driven ‘if-then’ research, as in reconciling the 
conundrum in Fermat’s Last Theorem. On the other hand, the resolution of such hypothetical 
speculation can lead to immensely complex algorithms that can operate meaningfully and purposefully 
in the most complicated contexts. Scientific research can be pure or applied: the former seeking to 
identify and understand underlying concepts, the latter seeking practical application, most often as a 
solution to a specific problem. Both seek to yield testable data that can be interpreted to answer a 
question. Whereas the essence of pure scientific research is that ultimately only self-evident statements 
are meaningful, the idea of self-evident statements in architecture is not only tautological but 
fundamentally absurd unless observable phenomena within a design are articulated as constituent 
elements and conceptually organised as part of an underlying model inherent within that design: it is in 
effect an exploratory factor analysis of a hypothetical construct.   

In a scene in the TV sitcom “The Big Bang Theory”3 the experimental physicist Leonard Hofstadter 
responds to his mother (a psychiatrist, neuro-scientist, author and terrible mother) who has asked him 
what he is currently working on by telling her , “ I think you’ll find my work pretty interesting. I’m 
attempting to replicate the dark matter signal found in sodium iodide crystals by the Italians” to which 
she replies “so, no original research?” “No.” “Well, what’s the point of me seeing it? I could just read the 
paper the Italians wrote.” Should anyone decry the use of a comedy show on television to make a valid 
point about research in architectural science in an academic paper, it should be noted that the highest 
ranked scientific journal in the world, Nature, reported that the Italian theoretical physicist Professor 
Rita Bernabei and her team’s claims to have seen dark matter caused controversy and contestation in 
2008 (Brumfiel, 2008) but nonetheless set off numerous attempts by teams of experimental physicists 
around the world to replicate the experiments, mirroring Leonard Hofstadter’s work.  For those with an 
inquisitive mind, the claims are set to be confirmed or refuted in 2016 (Castelvecchi, 2016) because the 
knowledge, technique and equipment needed to do so are now at hand. The point is that the scene 
accurately depicts the various and growing concerns with the place of scientific research. Validity in 
science is based on a hierarchy of reproduction: a single experimental result is only potentially 
propositional knowledge. Before it is accepted as theoretical knowledge it needs to be reproduced. 
Before it is gains traction as procedural knowledge it needs to be reproduced in other contexts and 
under other conditions. But there is nothing creative or innovative about reproducing an experiment. 
Similarly, there is nothing creative or innovative in reproducing a design. For a design to innovative or 
creative it has to have made a leap into the unknown somewhere in the process.  

Hard science is a handmaiden to the imagination: it is very good at providing the mechanisms, data 
and conceptual understanding to answer open-ended and speculative questions from other domains of 

3 https://bigbangtrans.wordpress.com/series-2-episode-15-the-maternal-capacitance/ 
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knowledge. On the other hand, it is not so good at innovation, and as Oscar Niemeyer said, architecture 
is invention. Bernard Tschumi adds that not only is architecture concerned with creating new things, its 
ultimate pleasure “lies in the most forbidden parts of the architectural act, where limits are perverted 
and prohibitions are transgressed”. Tschumi’s work on the New Acropolis Museum serves as an example 
of limits perverted and prohibitions transgressed (Horacek, 2014). In both his approach to architecture 
and in the response to it, Tschumi exemplifies the preference of architects to be thought of as artists 
rather than scientists. On the other hand, no architect can claim to be only an artist. Although Walter 
Gropius famously said that architecture begins where engineering ends, Louis Kahn was somewhat more 
pragmatic when he stated that a building must  

…begin with the unmeasurable, must go through measurable means when it is being designed
and in the end must be unmeasurable. The only way you can build, the only way you can get the 
building into being, is through the measurable. you must follow the laws of nature and use 
quantities of brick, methods of construction, and engineering. But in the end, when the building 
becomes part of living, it evokes unmeasurable qualities, and the spirit of its existence takes over. 
Architecture has existence, but it has no presence. Only a work of architecture has presence, and 
a work of architecture is presented as an offering to architecture. (Kahn, 1967: 149) 

Architecture according to Kahn is principally an exercise in design: practically informed and 
parametrically contextual but design nonetheless. But design covers a much greater bailiwick: it includes 
anything that is based with the contingent rather the necessary, not with things as they are but as they 
might be (Herbert, 1996). On the one hand, the argument is simple. Architecture is design (Tversky, 
2016). Design is not a science but an independent area of thinking and doing. (Cross, 2011). On the 
other hand, Herbert Simon asserted that there was such a domain as science of design, ‘a body of 
intellectually tough, analytic, partly formalizable, partly empirical, teachable doctrine about the design 
process’. Leonard Archer disagreed, stating that ‘there exists a designerly way of thinking and 
communicating that is both different from scientific and scholarly ways of thinking and communicating, 
and as powerful as scientific and scholarly methods of enquiry when applied to its own kinds of 
problems’. Whether or not architectural science is a contradiction in terms seems then to depend upon 
where you see the divide between architecture and a work of architecture; between the design and the 
construction of a built environment. 

Where nowadays on that continuum does the Architectural Science Association place its marker? 
The ASA is, according to its website, “an international organization, the objective of which is to promote 
architectural science, theory and practice primarily in relation to teaching and research in institutions of 
higher education”. To clarify what it means to “promote” architectural science in universities and 
colleges, the ASA asserts that it is “committed to the development, documentation and diffusion of the 
principles of architectural science and including but not limited to the application of natural and 
innovative techniques for sustainable architecture”. Granted that it contains some fine alliteration, the 
statement doesn’t actually state what “the principles of architectural science” are. In fact, it is quite 
difficult to find what anyone understands those principles to be in 2016 

Of all the higher education institutions that offer architectural degrees only the University of 
Queensland provides a definition of sorts. In Architectural Technology, a course offered by the 
university’s Faculty of Engineering, Architecture & Information Technology, the course description states 
that  
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This course provides an introduction to the principles of architectural science (heat, light and 
sound), materials science (embodied energy and energy transfer), building services (power, 
sewer and water) and passive design for sustainable building. Students examine the principles of 
energy, air, water and climate in activities and assignments that also develop skills in the design 
of environmentally sustainable small to medium scale buildings4.  

Undoubtedly heat, light and sound are important elements to be considered in the design of a 
building, as in deed they are in a multitude of other contexts, but they do not at first blush seem to be 
principles as such, let alone principles of architecture or science. 

The problem of tying down exactly what the principles of architectural science – the things that the 
ASA is committed to develop, document and diffuse – is not contained to the here and now. Nearly two 
centuries ago the redoubtable J. C. Loudon identified one: 

A wall or a house, therefore, can that does not show, either in reality or in imitation, the 
materials of which its walls are composed, can have no pretensions to architectural expression. 
This expression can no more be produced in its full effect, than a sentence can be printed 
without employing the letters of the alphabet. There is not a more important principle than this 
for the young Architect to bear constantly in mind, in the whole range of the science of 
Architecture.  (Loudon, 1835: 261). 

Frustratingly, Loudon doesn’t mention any other principles but at least we have the “most 
important” one: architecture should not attempt to hide the nature of the materials used in 
construction because it runs the risk of losing architectural expression. In his preface, he states that 
“knowledge of the rules of Grecian Architecture, can no more be considered the principles of the 
science than the art of mixing colours can be called the principles of painting”, which suggests that he 
believes architecture is a science with rules which are different to its principles. In today’s lexicon that 
seems contradictory but in 1835 the word ‘science’ meant little more than ‘knowledge’, it had not yet 
acquired the notion of a specific knowledge domain which parameters were defined and organised by 
systematic study. With that understanding even Christian Science becomes a reasonable if not exactly 
rational proposition. 

In terms of its pedagogic purpose and place in the university curriculum, the expression of 
architectural science as a sub-domain of knowledge seems to correlate to an increased pressure exerted 
by universities on faculties for more research output and more industry engagement. Nearly forty years 
ago, Otto Koenigsberger proposed the focus of architectural science on problem-oriented research 
allows it posit itself as an essential component of architecture, organically aligned with construction 
methods. Koenigsberger equates architectural science with building science, and suggests that 
university staff are well-placed to take on consultancies to do some original short term research that 
solves a specific industry problem and with the ensuing publications kill two birds with one stone. Of 

4 https://www.uq.edu.au/study/course.html?course_code=BLDG2120&offer=53544c554331494e 
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course, post-graduate research work for higher degrees could be directed to some of these problems. In 
this way the university will be more associated with the building industry, and the affiliation will be 
mutually beneficial (Koenigsberger, 1978:7). He goes on to point out that there are two rather obvious 
problems that might provide barriers to such ventures. This kind of research, he concedes, is not really 
what universities ought to be doing. First, it fits better in technical institutions and industrial facilities. 
Universities should be engaged in more conceptual research that results in more universally applicable 
results. Second, the problems of architecture or building are often not confined to the parameters of 
architectural or building sciences. His solution is that for such research an “inter-disciplinary approach is 
the obvious answer, a solution that iterates the argument that architectural science rather than a 
separate knowledge domain is simply the use of data, information and knowledge gathered in the 
various science contexts to make manifest what has been architecturally designed. 

In 2014, Routledge published the third edition of Steven Szokolay’s book ‘Introduction to 
architectural science: the basis of sustainable design’ in which he offers a defence of architectural 
science on the grounds that architecture cannot be sustainable without science, and that any architect 
who claims otherwise is contradictory, possibly schizophrenic and probably fraudulent. Science, he 
claims, is part of design. And that the “designer can only exercise his/her imagination if the physical 
basis is understood. Scientific understanding should permeate the intuitive, inventive design” (2014, 
viii). Here in sum, we have the entire problem with architectural science in a nutshell. Scientific 
understanding is based on reductionist experimentation, the elimination of possibilities until only one 
verifiable option remains, the result of “if-then” logic. Architecture on the other hand, in its design 
capacity functions on “what-if” questions, on increasing the range of possibility, on multiple potential 
solutions, on cross-domain idea activation; on finding best fits. The designer not only can but should 
exercise his or her imagination without anchoring it to the known: it is only when a flight of fancy is to 
be made manifest that science and the other handmaidens will be challenged to make it happen.  

But, it ought not to be concluded that this paper has suggested that there is no connection between 
science and architecture. In fact, it has argued quite the opposite. The manifestation of architecture is 
possible because of the sciences, engineering, psychology, art and economics. But none of those is 
architecture. While to question whether architectural science is oxymoronic may ultimately be 
irrelevant, there is a fundamental purpose in posing it, one that transcends what the ASA purports to be 
its ambitions. Firstly, it will challenge the place of research both in the academy and in the professions 
and secondly, it will have impact on design, construction and delivery of academic curricula, and thereby 
impact on what the architects of the future will be concerned with. The next fifty years will be 
interesting. 
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