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Preface

This thesis is fundamentally about the cognitive processes involved in learning to
become a designer.

To give this thesis context it is probably best to start is by explaining the title: Form
Follows Feeling. The title did not occur to me until well after the first draft was
completed. Up until then the title was: The acquisition of design expertise and the
function of aesthesis in the design process. Admittedly, not a particularly catchy title.

The title is an obvious reference to Louis Sullivan’s famous, often misquoted, out

of context and sometimes misattributed quote, "Whether it be the sweeping eagle

in his flight, or the open apple blossom, the toiling work-horse, the blithe swan, the
branching oak, the winding stream at its base, the drifting clouds, over all the coursing
sun, form ever follows function, and this is the law.” (Sullivan, 1869, p. 408). The
quote comes from an article written by Sullivan entitled “The tall building artistically
considered." In this article Sullivan makes a passionate and eloquent plea for the
legitimization of a new building type - the tall building - on its own terms. He argues
against the use of the "classical column" as the true prototype, against “the beauty of
prime numbers," against the "logical statement," against organic justification found in
the "vegetable kingdom" (p. 406). Sullivan, referring to how in nature “the essence of
things is taking shape in the matter of things,” makes his point again:

Itis the pervading law of all things organic and inorganic, of all things physical

and metaphysical, of all things human and all things superhuman, of all true
manifestations of the head, of the heart, of the soul, that the life is recognizable in
its expression, that form ever follows function. This is the law... And thus the design
of the tall office building takes its place with all other architectural types made when
architecture, as has happened once in many years, was a living art.” (p. 408)

His was not an argument against decoration, as can easily be seen by looking at any of
his buildings. Nor was he arguing for a from of technical rationalism, though he does
argue for a kind of inevitability "if we follow our natural instincts without the thought of
books, rules, precedents, or any educational impedimenta...” His argument, not unlike
Kahn's conversation with a brick (Kahn & Twombly, 2003), is founded on the belief
that the truth of a thing is found by recognizing the essence of a thing, feeling into it,
letting it be what it wants to be.

Preface



Unfortunately, Sullivan’s passionate plea to embrace a new building type “for the
transaction of business,” and made possible by “the intervention and perfection

of the high-speed elevator..., development of steel manufactures has shown the

way to safe, rigid, economical constructions..., and so on, by action and reaction,
interaction and inter-reaction” (p. 403), has been perverted as a justification for a
kind of technical rationalism and functional determinism. Sullivan is not arguing for
technical rationalism or functional determinism, but rather he is arguing for a kind of
passionate essentialism.

The technical rationalism and functional determinism that the phrase form follows
function has come to embody has been embraced by architecture design students®
across the world as if it is a self-evident truth. This, along with the cult of the concept
(where it is believed that all design solutions have their genesis in a concept) and the
banishment of the concept of the aesthetic (dismissed due to a naive understanding
of subjective relativism) has led to a kind of intellectual abstraction of the design
process that no longer recognizes that the proper end of design is not a concept for
or a representation of a possible building or built environment: The proper end of
architecture design is a building, a built environment made of the stuff of the earth.

Somehow architecture design has become a disembodied activity, not unlike Cartesian
dualism, where the mind has an existence without the body, where the concept fora
building is more important than the building itself. I suppose that if one accepts that
one's true existence as a person is as a disembodied mind, then it follows that the end
of architecture design should be a disembodied idea/concept for a building. But if one
does not accept mind/body dualism, but rather embraces an embodied view of human
existence, where mind means nothing more than human cognition, and the body is
understood as not only a way of interaction with the world, but as a way, perhaps the
primary way of knowing the world, then architecture design is about making places for
human dwelling that engages the body and takes into account fleshy, smelly, sensuous,
romantic, tender, ingenious, vulnerable beings that humans are. Thus L argue,

form follows feeling.

14

For the purpose of simplicity, I will refer to the "designer” as a person. This is not to suggest that Iam talking

about the Howard Roark (a character from [the nemesis of Peter Keating] Ayn Rand’s The Fountainhead, 1996)

like individual who alone knows what is good and what is right. Rather I recognize that the designer often includes
many people who actively participate in the design process throughout its many phases: from defining the problem,
through the production/implementation of the solution. The designer can be understood to be an individual, a
group or a series of individuals and groups. Dong (2009) discusses this issue in terms of agency, who is permitted
to claim the role of designer. Acknowledging the role that the user plays in defining the problem, the need for large
teams of designers when working on large-scale systems, and the expectations by which we identify who a designer
is as opposed to who engages in “designerly actions,” he observes that the “boundary between being in/within the
process of design and outside of what is considered designing is artificial” (pp. 5-7).

Form Follows Feeling



My motivation for writing this thesis comes from and is grounded in 25 years of
professional practice and making stuff; but perhaps more so from a genuine love of
teaching and of my students. For the past 15 years I have been spending most of my
time helping students learn to design at architecture schools in the USA, Hungary and
China. Itis surprising how similar the basic structure of the programs are, and the kinds
of challenges that students have to face. In architecture schools there are several models
of teaching design, including critic, coach, and instructor (Adams, R., 2016). Each has
its strengths and weaknesses. I prefer the instructor model, as it emphasizes “showing
how.” I work closely with students trying to understand what they are trying to do,
showing them how to approach a design problem, suggesting multiple methodologies
and strategies, and helping them to discover their own voice. Some things work, some
things don't. It often depends on the student, their learning preferences, group dynamics,
skill sets, etc. I often find myself trying to put myself in their place, and try to recall what
it was like when I was a student. And when I need a little humility I take out a project I did
when I was their age. Sometimes I forget that I had to learn to design too.

Several years ago I began to notice a pattern in the design studio. There would be

12 eager students in a second-year studio. As it was a selective school, the students
tended to be of above average intelligence, highly motivated and hard working. They
were enthusiastic and curious. All of the students were given exactly the same project,
with clearly defined learning objectives, and plenty of personal attention. Even so, while
most of the students seemed to understand the problem, actively engage in seminar-
type discussions on design theory and methodology, completed all the exercises, there
were always three or four students whose work would stand out. They were not always
the "smartest," or the hardest working students. But their work always seemed to have
"that something extra" that a design instructor is always looking for. For years [ just
assumed, like many of my colleagues, that these students just had "natural talent," and
it was my responsibility to identify it, nurture it and to draw it out. But then I wondered,
what about the other students? How does one draw out what isn't there? Would they
ever be able to produce work that also possessed that something special?

Often Iwould encounter some of the same students a few years later in an upper level
studio. By this time, they were familiar. I knew their work. But I noticed something very
interesting; some of the work of students who seemed to possess natural talentin the
second year no longer stood out; while some of the work of students who just didn't
seem to get it in the second year now had that something special. As I reflected on this
phenomenon over the years, I tried to make sense of it.

The theory that students who are able to produce design solutions that had that “something

special” where just naturally talented was not satisfying. This explanation did not
adequately explain those other students who seemed to develop a sense of design later on.

Preface
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Was it that their talent was laying dormant waiting to be drawn out as Socrates draws
out knowledge from Meno's slave boy? (Plato, Meno, 1956). Research on the topic of
nature versus nature does not bear this theory out. I began to consider what if there
is no real connection between a sense of design and talent? What if a sense of design
is not a natural God-given gift that some have and some do not, but rather a learned
ability, a kind of connoisseurship, that plays a critical function in the design process?
What if talent had nothing to do with developing a sense of design?

AsTexplored this possibility, I learned that while certain psychological, physiological,
and cognitive predispositions do offer an advantage, and while some students do
benefit from a more privileged environment, none of these guarantee that one can

or will achieve expert levels of performance. This observation resonated with my
experience. Further, research in the area of the acquisition of expert performance
showed that what determines if one will ever achieve a level of expert performance

(in any discipline) is not natural talent, but years of deliberate practice that reshapes
and reinforces cognitive and physical abilities required for that discipline (Ericcson,
2016). It is an embodied feel for what to do - a complex, embodied, cognitive ability to
assess a situation, identify a strategy and then implement it in an apparently effortless
manner - that is essential to being an expert more so than propositional knowledge,
technical rationality or so-called talent.

What I have learned working with some extraordinary students over the world is

that more than technical knowledge, problem-solving ability, representational skill,
previous experience, hard work and motivation, what is necessary for a student to
produce work that has that something special is a sense of design. And that a sense

of design heavily depends on the ability to know feelingly (aesthesis) and identify

the quality of a built environment (atmosphere). It is not functional analysis that
determines good design or the inevitability of functional determinism. Neitheris
intended by Sullivan’s famous quote. Functional determinism is a fiction that promises
if a design solution is true to the functional requirements of the design brief, then

the design solution will be inevitably good and possess desirable aesthetic qualities.
But there is no inevitability in design (Rittel, 1988). While form follows function and
Mies van der Rohe's less is more (another so-called self-evident truth of architecture
education), taken in a historical context, provided a new way to think about design,
that took into account the reality of post-war Europe, new materials and methods

of construction; in contemporary design education these function as naive slogans
and empty epithets. In fact, there is no function that is necessarily associated with

a particular form (Pye, 1978). Sure, one can conceive a form that is better suited to

a particular task, but that relies on a very specific definition of a task and/or form. A
certain kind of hammer while being well suited to driving a particular type of nail into a
particular type of material, can also make a very effective weapon.

Form Follows Feeling
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Like many designers and design instructors who have gone before me, my problem has
been that while I have learned much about how students learn and what is necessary
to be a good designer, what I know is mostly in the form of tacit knowledge. That is, a
kind of knowledge where I know more than I can say (Polanyi, 1975). This thesis is an
attempt to correct this situation. To do this I have spent a good deal of the past six years
in an effort to find a way to say what I know.

The following is an attempt to understand what is involved in learning to design and
to propose a theoretical framework that explains how design expertise is acquired
and why a highly developed sense of design is necessary to acquire design expertise.
It's a multi-disciplinary work that looks at the topic from theoretical, philosophical,
psychological, historical, evolutionary and cognitive science points of view. There

is no doubt that some will take issue with how I describe design, what I claim is the
proper end to design, how [ define expertise, what I identify as normative performance
expectations, my argument in favor of tacit knowledge and embodied cognition

over technical rationality, whether one really can experience qualia in mental
representations, the developmental model of the acquisition of expertise, my use of
the word aesthesis, and the importance of aesthetic resonance in the design process.
Even so, there are many valuable concepts and ideas presented here that are worth
considering and that offer insight into how students learn to design.

Itis my hope that this work will prove to be useful to others who desire to and are

committed to helping others learn to design; and for those who simply would like to
read what they already know about being a designer but have yet to find the words.

Preface
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Samenvatting

Onderzoekvraag

Terwijl het voor het oplossen van een ontwerpprobleem een basale vereiste is rekening
te houden met functionele en technische criteria, zowel als met een gevoel voor
samenhang, is het vermogen een bedoelde esthetische ervaring op te roepen het
kenmerk van ontwerpexpertise. Dit vermogen is wat bedoeld wordt met een gevoel voor
ontwerpen. Expert-ontwerpers hebben een sterk ontwikkeld gevoel voor ontwerpen,
datin dit onderzoek "aesthesis” wordt genoemd. Reflectie op 25 jaar ontwerponderwijs
in de Verenigde Staten, Hongarije en China heeft tot de observatie geleid dat de meeste
succesvolle ontwerpstudenten, meer dan intellectuele vaardigheid, de vaardigheid om
te tekenen en maquettes te maken of een sterke motivatie, allen leken te beschikken
over wat een intuitief gevoel voor wat een goed ontwerp is genoemd kan worden.

Het is niet dat zij al weten hoe te ontwerpen, of dat ze van nature ontwerpers zijn,
maar zij hebben een meer ontwikkeld gevoel voor aesthesis. Dit onderzoek hanteert
een multidisciplinaire benadering om een theoretisch raamwerk te ontwikkelen dat
beschrijft wat het inhoudt om ontwerpexpertise te verwerven, wat de rol is van
aesthesis in het ontwerpproces, en om te bepalen of wat een intuitief gevoel voor
ontwerpen lijkt te zijn een natuurlijk talent is of een verworven vaardigheid.

Onderzoekmethode

De methodologie van onderzoek omvat: (1.) kritische reflectie op 25 jaar
ontwerponderwijs, ontwerppraktijk en bouwen; (2.) testen van de inzichten die uit deze
reflectie voortkomen aan relevant onderzoek en theorie, inclusief ontwerponderzoek,
psychologie, filosofie, cognitiewetenschap en evolutionaire biologie; en (3.)

discussie met collega'’s.

Resultaten

Het onderzoek startte met onderwerpen uit de ontwerpmethodologie, wat vragen
opriep gerelateerd aan de cognitieve psychologie, in het bijzonder probleem-
oplossingstheorieén. Diepgaande studie van het onderzoek naar belichaamde cognitie
resulteerde in argumenten tegen de ontkoppeling van lichaam en geest, en een
herintroductie van het lichaam als een essentieel onderdeel van de menselijke cognitie.

Samenvatting



Dit heeft geleid tot nader onderzoek naar aanverwante onderwerpen als: voor-

verbale kennis, de cognitieve architectuur van het brein, de mechanismen van gevoel
en waarneming, beperkingen in en typen van het vermogen tot herinnering en de
verwerkingscapaciteit van het brein, en in het bijzonder de werking van emoties/
gevoelens in kennisverwerving, die tezamen inzicht bieden in hoe ontwerpen werkt als
cognitief proces.

4 Conclusie
Het onderzoek laat zien dat ervaren ontwerpers in plaats van te vertrouwen op
technisch rationele kennis alleen, vertrouwen op een sterk ontwikkelde impliciete
belichaamde kennis om tot beslissingen en oordelen te komen. Hierdoor weten ze
meer dan wat ze kunnen uitdrukken. Dit is het kenmerk van experts op vele gebieden.
Het komt echter niet voort uit een natuurlijk talent, maar uit een ontwikkelingsproces
datjaren van bewuste oefening vergt. Dit is noodzakelijk voor het herstructureren van
het brein en het trainen van het lichaam op een manier die uitzonderlijk functioneren
mogelijk maakt. Voor expert ontwerpers vormt aesthesis een soort meta-vuistregel
waarmee complexe problemen schijnbaar moeiteloos opgelost kunnen worden.
Aesthesis is een vermogen dat iedereen heeft, maar dat expert ontwerpers ver
hebben ontwikkeld. Dit maakt het mogelijke gebouwen en de bebouwde omgeving te
produceren die de beoogde kwaliteit van esthetische ervaring bij de gebruiker oproepen
(een gevoel voor ontwerpen). Het is een cognitieve vaardigheid die het zowel mogelijk
maakt het ontwerpprobleem te (her-)structureren en de oplossing te evalueren; en
het is tevens een vaardigheid om zich met zijn gevoel in te leven in de ontwerp-wereld,
op zoek naar esthetische resonantie die anticipeert op de kwaliteit van de omgeving
die de gebruiker waarschijnlijk zal ervaren. Deze vaardigheid is cruciaal voor het
verwerven van ontwerpexpertise.
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Summary

Research Question

While the consideration of functional and technical criteria, as well as a sense of coherence
are basic requirements for solving a design problem; it is the ability to induce an intended
quality of aesthetic experience that is the hallmark of design expertise. Expert designers
possess a highly developed sense of design, or what in this research is called aesthesis.
Reflection on 25 years teaching design in the USA, Hungary, and China led to the
observation that most successful design students, more than intellectual ability, drawing,
model making or drive, all seemed to possess what may be called an intuitive sense

of good design. It is not that they already know how to design, or that they are natural
designers, itis that they have a more developed sense aesthesis. This research takes a
multi-disciplinary approach to build a theory that describes what is involved in acquiring
design expertise,identifies how aesthesis functions in the design process, and determines if
what appears to be an intuitive sense of design is just natural talent or an acquired ability.

Research Methods

The methodology used for this research includes: (1.) Critical reflection on 25 years of
teaching, design practice, and making; (2.) Testing insights gained from this reflection
against related research and theoretical work, publications, including design research,
psychology, philosophy, cognitive sciences and evolutionary biology; (3.) Discussion
with colleagues. (4.) (4.) Externalizing results of research.

The research started with topics related to design methodology, which led to questions
related to cognitive psychology, especially theories of problem-solving. An in-depth
review of research in embodied cognition challenged the disembodied concept of the
mind and related presuppositions, and reintroduced the body as an essential aspect
of human cognition. This lead to related topics including: pre-noetic (pre-verbal)
knowledge, the cognitive architecture of the brain, sense mechanisms and perception,
limitations and types of memory as well as the processing capacity of the brain, and
especially how emotions/feelings function in human cognition, offering insight into
how designing functions as a cognitive process.

Summary
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Conclusion

The research provides evidence that more than technical rationality, expert designers
rely heavily on a highly developed embodied way of knowing (tacit knowledge)
througout the design process that allows them to know more than they can say. Indeed,
this is the hallmark of expert performers in many fields. However, this ability is not to
be understood as natural talent, but as a result of an intense developmental process
thatincludes years of deliberate practice necessary to restructure the brain and adapt
the body in a manner that facilitates exceptional performance. For expert designers it is
aesthesis (a kind of body knowledge), functioning as a meta-heuristic, that allows them
to solve a complex problem situation in a manner that appears effortless. Aesthesis

is an ability that everyone possesses, but that expert designers have highly developed
and adapted to allow them to produce buildings and built environments that induce

an intended quality of aesthetic experience in the user. It is a cognitive ability that
functions to both (re)structure the design problem and evaluate the solution; and
allows the designer to inhabit the design world feelingly while seeking aesthetic
resonance that anticipates the quality of atmosphere another is likely to experience.
This ability is critical to the acquisition of design expertise.

Form Follows Feeling



10

23

Propositions

Talent is way over-rated
Experts normally do not make good teachers

Design is a kind of making: an action that results in an artifact” [for human use], not
planning or problem-solving.

The primary manner in which we know the world is through our bodies, not our minds

Without a direct experience of the properties and characteristics of materials, one can
never truly master architecture design.

While human behavior not predictable, it is however consistent.
The hallmark of a true craftsman is not to be found in his hands, but rather in his ability
to feel the grain, density, and irregularities of a piece of wood through the edge of the

blade of the plane in his hands.

While beauty may be in the eye of the beholder, it all depends on how one defines
the beholder.

The current world-wide trend to require a PhD to teach (design) at the university level is
having a deleterious effect on design education.

There is only so much bad design that people can handle, at some point they simply
stop seeing the world they live in.

Propositions
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Introduction’

A critical, but rarely discussed ability necessary for design expertise, that functions within
the design process as both a means of assessment and a desire to be satisfied is a kind

of body knowledge called aesthesis. Aesthesis is used here in the Greek sense (aioBnaig)
that Perez-Gomez (2016) describes, “referring not only to visual perception but to
apprehension by all the senses, enabling an understanding through non representative
concepts of that which is perceived by embodied consciousness” (p. 17).

Design expertise involves more than technical rationality, problem-solving, technical
competency, and the ability to produce a coherent solution often associated with the
dictum~ form follows function. While these components of design are necessary, they
are not sufficient. From the theory of tacit knowledge and embodied cognition, I will
argue that the desire for and the seeking of aesthetic quality (and aesthetic experience
itself), rather than being simply one of many design criteria, operates as an overarching
unifying function that provides focus and motivation throughout the design process.
One might call this kind of knowledge a sense of design. As the human body is

the primary means for knowing the world, the ability to determine and assess the
experiential quality of the design solution (aesthesis) is essential for design expertise.
More than functional efficiency, technical feasibility and a sense of coherence, the
ability to induce an intended aesthetic experience (create an atmosphere) determines
the quality of a design solution. Thus the title of this work: Form Follows Feeling. What
this means and how it functions in the design process are central to this thesis.

To describe what designers do and what is involved in learning to be a designer,
I have framed the problem as: the acquisition of design expertise and the function
of aesthesis in the design process.

English language is burdened with not having an inclusive pronoun. Traditionally "he” was, for better and

for worse, considered to be inclusive. Contemporary sensibilities and the desire to be inclusive in academic
language has left us with the unfortunate problem of choosing a pronoun. S/he, Her/his, is awkward. They, and
one, are equally awkward. Recently, the recognition of the fluidity of gender identity has made this question of
the inclusive pronoun even more complicated. In light of this, I will fall back on the traditional standard of using
he, though I am quite aware that soon almost half of students studying architecture design in the USA will be
women (See NAAB 2016 Annual Report, sec. 03 “Overall Enrollment in accredited programs.”). My apologies to
anyone who may be offended by this choice.
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1.1 Some Clarifications

The sub-title of the thesis contains some terms that need clarification. Acquisition

of design expertise: This research is not about how to teach design,” but rather how
design expertise is acquired (learned). Menon asks Socrates (Plato, Meno, 1956), “Can
you tell me, Socrates—can 'virtue’ be ‘taught’? Or if not, does it come by practice? Or
does it come neither by practice nor by teaching, but do people get it by nature, orin
some other way?" (p. 28). Replace the word “virtue" with “design,” and “taught” with
“learned,” and the question posed to Socrates by Menon encapsulates the question I
am asking. “Tell me, can design be learned? Or if not, does it come by practice? Or does
it neither come by practice nor by learning, but do people get it by nature orin some
other way?" Design (knowledge), like virtue (in the Aristotelian sense), is not acquired
in the same explicit way as propositional knowledge. Its acquisition is more implicit,
learned by doing, hard to define, tacit.

The function of aesthesis in the design process: This research is not about aesthetics
per se, but rather about the function of aesthesis - hedonic body knowledge - in

the design process. This research does not attempt to define what good design is,

or propose a normative standard for evaluating a design in the sense of criticism.
This research proposes a theoretical basis for understanding how design expertise is
acquired.” It is founded upon extensive research literature, and critical reflection on
25 years of architecture professional practice and teaching architectural design at the
university level. To adequately describe my observations and defend my thesis, the
research takes a multidisciplinary approach to the problem, including: design theory
and methodology; philosophy, psychology and cognitive science;” and the relatively
new fields of expert performance theory, and neuroaesthetics.

w

Though it is my intent that this research will provide new insights that will influence how design is taught.

The insight that a deeper understanding how design expertise is acquired would benefit the teaching of design
is not new. Cross (1990) suggests that “it is through understanding the nature of design ability that we can
begin to construct an understanding of the intrinsic values of design education.” This research however is not
specifically intended to form the basis for a new theory or critique of design education. Rather it is asking how
design expertise is acquired and what role does aesthetic judgment play in the design process.

Gardner (1985) describes cognitive science as a (then) emerging interdisciplinary study of mind and intelligence

that includes philosophy and psychology as well as neuroscience, artificial intelligence, linguistics, anthropology,
and evolutionary biology.
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Designing occurs in various disciplines, such as architecture, interior design, urban
design, landscape design, product/industrial design, engineering and others. This
research recognizes that while certain theories, principles, methodologies and
methods are relevant across disciplines, design expertise, as it is practiced, tends to be
domain specific (situated). The focus of this research is on the domain of architecture
design, where (normally) a building/built environment is the expected outcome. The
presupposition is that the proper (normative) end (purpose) of architectural design is a
buildable building/built environment that provides a coherent solution for the design
problem and evokes intended aesthetic qualities. It is understood that this is not the
only end of architectural design (architects do much more than design buildings), but it
is the working definition for this research.

Other terms that are central to this thesis include: Tacit knowledge (Ryle, 1949),
knowing more than you are able to say. Boundedness (Simon, 1972), the
acknowledgment of the limits of cognitive capacity that influence how we think and
structure problems. Extension (Clark), the way things and external mechanisms are
recruited to increase the cognitive capacity; for example sketching. Einfiihlung and
mirror-neurons, (Wolfflin, 1884; Rizzolatti, 2004) the cognitive mechanisms that
allow us to feel into a thing, as well as feel the feelings someone else is likely feeling.
Inhabiting the problem space feelingly (Polanyi, 1974), how experts are able to know
how to instantaneously respond to complex situations. Aesthesis (Perez-Gomez),
the mechanism that s critical in assessing the aesthetic experience (quality) of an
atmosphere. Representations (Newell), how pre-noetic cognitive data is structured

in the mind to facilitate comprehension. Functional representation (Habraken,
1985), the proximate end (product) of designing that results in a building/built
environment. Exaptation(Gould, 1982), how attributes that were acquired through
evolutionary processes for one purpose adapt to become useful for something else as
the environment changes. Pre-structuring (Hillier, 1972), the presuppositions and
biases one brings to the problem situation which help to both define the problem space
and frame the problem. Appreciative system (Schon, 1985), the values, norms, beliefs
and preferences that facilitate decision-making and judgments. Deliberate practice
(Ericsson, 2008), what is necessary for a person to effectively adapt his cognitive
capacity and body that allows him to perform at an exceptional level. These concepts,
as well as othersincluded in the text, led to proposing the concept of aesthetic
resonance, an emotional state experienced by the designer where he assesses the
congruence between the intended quality of aesthetic experience and the quality of
aesthetic experience as he inhabits the design world feelingly.

Introduction



28

The methodology used for this research includes: (1.) Critical reflection on 25 years of
teaching, design practice, and making; (2.) Testing insights gained from this reflection
against related research and theoretical work, publications, including design research,
psychology, philosophy, cognitive sciences and evolutionary biology; (3.) Discussion
with colleagues. (4.) Externalizing results of research

As will be discussed below, knowing how to do something (tacit knowledge) is
different than knowing what (propositional knowledge). Tacit knowledge is described
as knowing more than you can say (Polanyi, 1974). Its a kind of implicit knowing.

The challenge in this research was to engage in critical reflection on my experience
teaching design to try to make explicit what I have come to know without conscious
deliberation (van Dooren, K. et al., 2013). While I know much about how students
learn to design, and about how to design, as a result of years of deliberate practice
supported by theory and research, and while I can substantiate my claim to success
as a teacher of design and as a professional designer (see attached CV), I have not
systematically documented the insights and knowledge I've acquired in a manner that
could be considered quantitative research. Rather, the (tacit) knowledge that I have
gained from teaching design functions as a way to structure and enter into the problem
space feelingly (Polanyi, 1974), to frame the questions and how to know which paths
of evidence to follow. It is a dialectical approach where I test what I know from doing
against the evidence that I encountered in the research. The dialectic gave direction
to the research. Sometimes the research confirmed what [ suspected, sometimes the
research provided new categories, vocabulary and concepts to better express what

I know, and sometimes the research forced me to rethink how I thought about my
experience. My research methodology follows that recommend by Schén (1991) in
the tradition of Dewey (1938/2015), which proposes building theory on experience
through reflective practice. This approach is sometimes referred to as a designerly way
of knowing (Cross, 2001).

As the nature of the topic is inter-disciplinary, so is the research, as is the thesis.

In discussion with colleagues knowledgeable in the field, and through publication
(Curry, T, 2014; 2014a) Iidentified key issues I wanted to explore. To test my
assumptions against empirical research, I started by (re-)reading Broadbent (1973),
Bloomer & Moore (1977), Jones (1992), Weber (1995), Rowe (1987), Alexander
(1964), Cuff (1992). Then Idiscovered Schon (1991), Cross (2011), Dorst and Lawson
(2009), Margolin and Buchannan (1995), McCormick (2004). These led to Simon
(1996), Popper (1996), Rittel (1988; Protzen & Harris, 2010), Polanyi (1974), Ryle
(1949), Goldschmidt (2003), Arnheim (2009), Csikszentmihalyi (1996), Finke et al.
(1992), Akin (1986) and Brawne (2003).
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AsIbeganto focus I found Lakoff & Johnson (1999), Mallgrave (2011; 2013), Thagard
(2002), Ramachandran (2011), Damasio (1994), Chatterjee (2014), Ericsson (2016)
and Ganshirt (2007), and others, as well as much cross-referencing, many leads and
dead ends. It became clear that the only way to see the whole picture was to look at it
across disciplines, including: design theory, philosophy, psychology and a good deal of
cognitive science. This research uncovered a world I had suspected existed, but that
knew little of. The research confirmed some of my beliefs, forced me to rethink others,
and led to still entirely new ways of thinking. After diagramming and examining the
relationships between knowledge from experience, discussion with colleagues and
review of relevant research, confirmed observations and new ways of thinking about
the topic, the final methodology was to externalize what I knew as a linear narrative
that makes sense. Externalizing mental representations is always useful, it not only
exposes the holes in thinking that the mind is happy to pretend do not exist, it provides
feedback, and forces one to be as clear and precise as possible, lest one’s intended
meaning is lost. In many ways it is not unlike designing a building.

Introduction



1.3

1.4

This thesis makes five claims. (1.) Designing is an acquired skill that (though tacit

in nature) can be described (not defined) by well-established models of expert
performance. (2.) Architecture design is fundamentally about making buildings/

built environments for human use and habitation, which are (primarily) experienced
through our body's sense systems, not (only) as abstract ideas (concepts), but rather as
tactile, actual, built objects. (3.) A successful design is not only a coherent solution (one
that “makes sense”) that solves clearly defined (functional, technical, environmental,
economic) criteria and constraints (that is problem-solving), but also one that induces
intended aesthetic experience (a hedonic quality/body knowledge) in the user. (4.)
Along with the seeking of coherence, an evolving knowledge of (feel for) the quality

of the intended aesthetic experience plays a critical, overarching, motivational role
throughout the design process; a kind of seeking. (5.) The ability to assess/anticipate
the quality of the intended aesthetic experience (aesthesis) of a design proposal
(anticipating the experience it will induce after it is built) within the design process
(aesthetic resonance), with a reasonable level of reliability (a kind of emotional
intelligence), is essential for the acquisition of design expertise.

In making these claims I argue for the importance of understanding the developmental
process that students of architecture design typically move through from beginner to the
acquisition of design expertise; the need to challenge Cartesian dualism that promotes
abstract formalism to the exclusion (or devaluation) of body experience; the importance
of embodied cognition (body knowing) in designing; a need to rethink how we normally
think about aesthetics (as quality of experience rather than the quality of an object),
based on principles of empirical aesthetics; and the importance of emotion (feeling) as a
motivational factor in the design process. These claims and supporting concepts may be
met with objections by others, such as: whether my definition of designing is accurate;
whether buildings are or should be considered the proper end to architectural design;
whether (gifted) students do just have what it takes to be designers (talent/innate ability)
and some do not; whether the design process is definable, or observable; whether the
primary standards for assessing a design solution should be rational, programmatic,
functional; whether aesthetic judgment is fundamentally/ultimately little more than
subjective opinion; whether it is actually possible to learn to be an expert designer.
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The following provides a theoretical framework (argument) that both supports my
claims and answers the objections. I have divided it into ten chapters. There is a good
deal of overlap and perhaps some repetition of ideas between the chapters. This is the
result of translating a way of thinking about this topic that is multidimensional, to a
two-dimensional narrative. For the sake of a coherent narrative, I have made ample use
of footnotes and citations. These both provide support for the argument and provide
the reader with references should he want to pursue an idea in more depth.

Chapter 2 locates this research in the domain of architecture design as an occupation
that possesses well-defined performance expectations. After reviewing how others
have described design, I propose a description of design that will function as a basis for
the following chapters. Chapter 3 provides a brief overview of the history and objectives
of design research as a discipline, especially the early attempts at scientising design.
This leads to an in-depth review of some theories of problem solving, tacit knowledge
and embodied cognition. A main emphasis of this chapter is to (re-) establish the
importance of the body in cognition. Arguments are presented from philosophy,
evolutionary biology and cognitive science. Many of the ideas contained in this
overview have shaped and continue to influence how we talk about designing. It is the
foundation for what follows. Chapter 4 looks at the ways designing can be described

as a process, and the influence the concepts of heuristics and systems theory have

had on the development of design methodologies. This chapter identifies the three
meta-components of designing: the problem, the solution and the problem-framing/
solution-seeking process that is at the core of designing. Animportant pointin this
chapteris that designing is not a process. Process is a cognitive approximation used to
describe designing. Designing is a cognitive ability.

Chapters 5, 6, 7, and 8, focus on the three meta-components of the design process.
Chapter 5 looks at the problem in terms of who defines the problem, the structure of
the problem and the problematic nature of design problems. Chapter 6 looks at the
solution, who defines the solution, the function of representations, and what is meant
by the four normative performance expectations related to design practice that are
established by the profession. These expectations are of two types: demonstrable and
experiential. The demonstrable expectations are satisfying functional criteria and
constraints and technical competency. The experiential expectations induce a sense
of coherence and an intended quality of aesthetic experience. The remainder of the
chapteris spent on describing these with an in-depth discussion on the importance of
a sense of coherence and its evolutionary roots in human cognition.
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Chapter 7 explains the meaning and function of aesthesis in the design process,

and the historical development of how we understand and experience the aesthetic.
Aesthetic is described as a kind of hedonic (body) experience that is induced, that
involves sensations, emotions and meaning. And an argument from evolutionary
biology and cognitive science is given for inter-subjectivity. Chapter 8 gets into the
heart of what designers do. The chapter describes several ways of thinking about
design methodology, presents some representative examples, and finally provides a
synthesis that frames a way of describing design that takes into account the function of
aesthetic judgment.

With the above establishing what is involved in designing, the following two chapters
look at how design expertise is acquired. Chapter 9 is about expertise. It starts with
the question, who can be a designer? The question is explored in terms of personality,
character traits, and aptitude. The research suggests that there are very few indicators
that suggest that one person over the other is more likely to be successful at design,
except for general intelligence, problem-solving ability, personal drive, and access to
resources. However, one aptitude does stand out: visio-spatial thinking and problem
solving ability. There is no mention of natural talent. The chapter ends with a theory
of technical ability and a developmental model that describes the stages involved in
acquiring expertise.

Chapter 10, after an overview of the argument up until now, introduces the concept

of aesthetic resonance. Aesthetic resonance describes how aesthesis functions in the
design process, as both a means for assessing internal/external representations, and
by pre-structuring the design problem through determining a quality of atmosphere
the designer wants to induce in the user. The expression used to describe how
aesthesis works in the design process is inhabiting the design world feelingly. It is this
ability that allows the designer to anticipate how the building/built environment will
be experienced by the end user. It is this highly-developed ability to enter feelingly into
the design world that is critical to acquiring design expertise.
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The proper end of architecture is buildings or built environments for human use

Built environments are made of materials > Humans experience the world through
their bodies - The quality of an architectural solution is determined by both
demonstrable and experiential criteria > Demonstrable criteria have to do with
functional and technical requirements > Experiential requirements have to do with
the sense of coherence and experience of aesthetic qualities of a design solution

- These are considered to be performance expectations of (architecture) design
practice - The ability to design buildings that exceed the performance expectations
of practice requires design expertise > Design expertise is acquired over time with
years of deliberate practice » Fundamental to design expertise - in addition to being
able to design a building that solves for the demonstrable criteria - is the ability

to make buildings thatinduce an intended hedonic (aesthetic) experience - The
ability to assess the quality of an aesthetic experience is called aesthesis - Aesthetic
experience is dependent on having a (human) body > Humans have the psychological/
physiological ability to anticipate how another will experience a situation (empathy) -
To achieve (induce) an intended quality of aesthetic experience requires refining the
ability to (accurately) anticipate how another is likely to experience the building/built
environment - Aesthetic resonance is the ability to inhabit a design world “feelingly”
and to anticipate how another is likely to experience the design solution when it is
built > Aesthetic resonance is a fundamental ability necessary for the acquisition of
(architectural) design expertise.
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What is designing?

A designer makes things.

(Schon, 1991, p. 78)

Like a design problem, writing about designing requires setting a problem space -

framing the problem - finding a way to communicate the ideas in an effective manner.

Like a building design this research is inter-dependent and multi-dimensional.
Conceptually, itis more multi-dimensional rather than two. But, as a means of
transferring information, language typically relies on narrative and a narrative is
basically linear, that is two-dimensional. I need to start somewhere. So, I am starting
with setting the broad boundaries of the problem space.

This chapter locates design expertise in the context of an established profession

or occupation: architectural design practice. As a presupposition it is a given that

the proper end of architectural designing is the production of buildings/built
environments. While it is true that professional architectural design practice involves
more than the designing of buildings and built spaces, including alternative forms

of practice, designing is the focus of this research. The presupposition is that the

act of designing results in objects (artifacts) and it is by the quality of these objects
that a designer’s ability (expertise) is judged. There are reasons for starting with this
presupposition that will become clear below.

It will be argued that while the proximate end of architectural the design process is the
making of representations - drawings, physical and digital models, documents, etc.

- whose purpose is to facilitate the making of buildings, the proper end (telos) of the
architecture design process is the production of buildings.

6

Though I feel in debt to Prof. Rittel for all I have learned about design from his writing, in these ways I hazard
to respectfully disagree with him. (1.) Rittel (1968) declares design is “an activity, aiming at the production of
aplan.” As pointed out above and as will be discussed in detail later, the proper end to architectural design as
an activity is a building. It is not a plan. When the end of architectural design is thought to be a plan, it results
in several unintended consequences. These will be discussed below. (2.) He (1988) argues that “Since design
isintentional, purposeful, goal-seeking, it decisively relies on reasoning” (p. 2). I will argue below, that to the
contrary, designing - as a tacit way of knowing and as a function of embodied cognition - decisively relies on
feelings (body knowledge) or aesthesis. (3.) Rittel (1988), who was a philosopher and planner, also argues that
"Design terminates with a commitment to a plan which is meant to be carried out” (p. 1). Here again Rittel
seems to miss the point. Designers make things. I will explain what I mean by this below.

What is designing?
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2.1

Designing, as an action, in this thesis is understood to be teleological. That is,
designing as an action is not seen as a good (value) in itself. The value of designing as
an action is to be found in the quality of the proper end of the action; where activities
and all proximate ends contained within the action are directed toward achieving its
end. As the quote from Schon above says, “a designer makes things.”

With these boundaries established, I will explore what might be meant by designing
as an activity” and the goals of design research. I will not try to define designing, rather
Iwill offer a working description. The purpose of this first chapteris to establish the
context, to define the problem space and frame the problem.

This research is not about designing in its most basic sense, as in “everyone can
design.”® Or as Cross calls it “run-of-the-mill designing" (1990, p. 129), or “lower

level design ability” (2007, p. 38).° This research is about design expertise - designing
practiced as a recognized occupation (profession) in a manner that (significantly)
exceeds (normative) performance expectations established by a profession (domain).*°

~
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As this research is not about providing a prescriptive definition of or methodology for how to design, but rather
to understand how design expertise is acquired, I am intentionally not going to provide a definition of design. I
am however going to describe what I mean by design.

"All men are designers. All that we do, almost all the time, is design, for design is basic to all human activity. The
planning and patterning of any act toward a desired, foreseeable end constitutes the design process... Design is
composing an epic poem, executing a mural, painting a masterpiece, writing a concerto. But design is also cleaning and
reorganizing a desktop drawer, pulling an impacted tooth, baking an apple pie, choosing sides for a back-lot baseball
game, and educating a child... Design is the conscious effort to impose meaningful order” (Papanek, 1984, p.3).

"Although professional designers might naturally be expected to have highly developed design abilities, it is also
clear that non-designers also possess at least some aspects, or lower levels of design ability. Everyone makes
decisions about arrangements and combinations of clothes, furniture, et However, in other societies, especially
non-industrial one’s, there is often no clear distinction between professional and amateur design abilities - the
role of the professional designer might not exist” (Cross, 2007 p. 38).

Winch (2010) explains that expertise as it is related to practical activity “involves mastery of an occupation,
profession or activity” (p. 1). Expertise is a level or quality of performance that is evaluated against an accepted
norm. Performance expectations are established by and/or accepted by the occupation. It is not possible to talk
about expertise without referring to a field within which it takes place. To put this important point into context
Winch refers to MacIntyre's influential book, After Virtue (2007) where “practice” is described as a recurrent
social activity characterized by four key features:
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As noted above, this research is not about professional designers in general, but
designing as it is practiced (situated) within the specific discipline (domain) of
architecture. As such, it is the performance expectations as found/established within
the domain of architectural design (as a recognized practice) that will define the
problem space for this research.

As an occupation (or profession) architectural design serves both personal and social
goods, and possesses expectations'' that are well-established by historical tradition,
professional associations and society in general.'” It is not understood as simply a

skill, ability or a “way of knowing"” that is practiced in isolation. In this way, design
expertise is understood to possess characteristics in common with other types of
expert performance. “Architectural design,” understood as an occupation or profession,
does not exist in isolation. In many ways architectural design as an occupation is a
social construct.”

1. Ithasgoals or telos (internal/intrinsic goods), criteria for the achievements of which constitute the of
excellence available in that practice. The activities involved in achieving and the fulfillment of the criteria of
excellence are both seen as intrinsic goods.

2. Itis historically constituted and involves taking into account of a developing tradition or activity aimed at
attaining intrinsic goods.

3. Abpractitioner understands the significance of his life and worthiness in relation to the practices in which he
is located

4. 1Inaddition tointernal goods a practice also possesses external goods that have extrinsic value, i.e.: the
ability to make money. (p. 11)

The terms norms and performance expectations as described by Winch(footnote 12) are used in this research
notin the sense of rules, but rather as reasonable expectations or basic criteria. In this case performance
expectations refer to, in general terms, the reasonable expectations has for the work a particular practice. Or the
criteria one can use which describes the scope of service one might normally expect from an occupation.

In the report, Building Community: A future for architecture education and practice Boyer writes, “Membership
in any profession, whether law, medicine, teaching, journalism, accounting, or architecture, entails not only
the mastery of a body of knowledge and skills but at its best the honoring of a social contract to advance basic
human values... In the case of architecture, the larger purposes relate not only to building competently and
fulfilling the wishes of the clients, but to helping to foster, through design, more wholesome neighborhoods,
safer streets, more productive work places, a cleaner environment, and more cohesive communities” (Boyer &
Mitgang, 1996 p. 31).

"Social constructs or social constructions define meanings, notions, or connotations that are assigned to objects
and events in the environment and to people’s notions of their relationships to and interactions with these
objects. In the domain of social constructionist thought, a social construct is an idea or notion that appears to
be natural and obvious to people who accept it but may or may not represent reality, so it remains largely an
invention or artifice of a given society” (Ozor, 2008).

What is designing?



Expertise implies above average performance as measured against an accepted
norm. This means that there must be normative (implied or explicit) performance
expectations against which performance is measured.** Like it or not, a designer’s
performance, insofar as he is deemed to be performing at an expert level, is so only
insofar as his performance is evaluated against normative performance expectations
that are established by historical tradition, professional associations and the society
(culture) in general. Expertise is a relative term.

Without reference to such expectations (of practice) it is impossible to discuss levels
of expertise or expert performance. The difficulty in this case is explicitly stating,
establishing and/or codifying said performance expectations for architecture
design. While there have been numerous attempts to do this over the centuries,
through treatises, codes of professional practice promoted by professional societies,
regulations and licensing by government authorities, the primary way by which a
practitioner learns the professional expectations of practice is by participating in and
becoming part of the professional culture.*> These expectations are more implicit
than explicitin practice, descriptive than prescriptive, acquired more by being
incorporated into the culture of the practice than by imposition from outside.*
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Csikszentmihalyi (1996, p. 27) in identifying not what creativity is, but where it is to be found identifies three
criteria, "...the idea must be couched in terms that are understandable to others, it must past muster with
experts in the field, and finally it must be included in the cultural domain to which it belongs.” Further, he
writes, "A person cannot be creative in a domain to which he or she is not exposed. No matter how enormous
mathematical gifts a child may have, he or she will not be able to contribute to mathematics without learning its
rules.” Csikszentmihaly's point is that a truly “creative” (as opposed to “novel”) act, idea or way of thinking can
only legitimately be considered as such within a particular domain, recognized by its gate-keepers, and be the
work of an individual or group of individuals working within the domain. This is not to say that it is not possible
for an individual working outside the domain to stumble upon a genuinely creative, culture changing idea, that
either is oris not accepted or rejected as such by the field (gate-keepers). It is only to say that this is not the
norm and should be seen as the standard. See also Gardner (1993).

These are so numerous that it would be impossible to provide a comprehensive list of references here. A

Google search of “architecture standards of professional practice” resulted in over 84,000,000 results in 0.37
seconds. Some examples of what I am referring to would be from Vitruvius, On Architecture, Books 1-10 (1998);
(Vitruvius, 1998); Palladio, Four Books of Architecture (1997); Semper, The Four Elements of Architecture
(1989); to UIA International Standards of Professional Practice (2014), AIA Handbook of Professional Practice
(2014); the UK Architects Registration Board's Architects Code: Standards of Professional Practice (2009); RIBA
Code of Practice for Chartered Practices (2005); Royal Institute of Dutch Architect’s, The Architecture Profession
in the Netherlands (2006).

In this way the profession is seen as the gate-keeper. The American Institute of Architects revised and enacted the
Standards of Professional Practice, at the 86" Convention held in Boston. The following quote makes the point:
“There is one aspect of our responsibility that no one else can discharge for us. Where we as individuals live and
practice our profession. The profession and all architects are judged by us. No program of national publicity or public
relations will avail if in our own community we fail to do a good job. Here is a responsibility we cannot shirk. Upon us
personally and individually rests the yoke of the discipline of our profession” (Cummings, 1955).
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In much of the world this involves the rite of passage associated with most
professions: completing an accredited professional degree program, a professional
internship, qualifying and passing a licensing/registration exam, and years

of practice. Specifying what these expectations are and providing an in-depth
description of how these expectations are assimilated is beyond the scope of

this research. The point here is simply that expertise in architecture design as a
profession or occupation is defined by performance expectations that, though not
static, exist in a social/historical/cultural context. And anyone who professes to be
a designer as a professional architect practices within this context.

Having located design expertise in the context of an occupation or practice, where an
established occupation (legitimately) imposes performance expectations of practice,
we can now get on to describing what is meant by (the practice of) designing.
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2.2

Describing design, as an activity, can be an elusive task. Over the years there have
been numerous attempts.*” Each description takes a particular point of view that
emphasizes some aspect, function, purpose, or personal opinion about what
designing might be.** None are completely adequate or exhaustive. This being the
case, I have decided that I am not even going to attempt to “define” designing.

Rather I propose, as a working description, that architectural design is a kind of
solution-driven problem-solving process that results in the making of a functional
representation for a building/built environment that solves for design criteria and
constraints within an acceptable range, that is technically competent, coherent,
and induces intended aesthetic qualities. The meaning and the implications of this
description will unfold in the following chapters.

Four components of designing are identified in this description that function as
performance expectations.*” These components are of two types: demonstrable
and experiential. The demonstrable components describe the quantitative,
measurable (perhaps objective) aspects of the design solution. The experiential
components describe the qualitative (perhaps subjective) aspects of the design
solution. Most design/problem-solving theories (implicitly) suggest three
performance standards: (1.) A successful design solution should satisfy design
criteria and constraints within an acceptable range, (2.) be technically feasible
(possible to build), (3.) and possess some level of coherence (makes sense).
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Buchanan writes, “No single definition of design, or branches of professional practice such as industrial or
graphic design, adequately covers the diversity of ideas and methods gathered together under the label”
(1995, p.3). In describing the pluralism of definitions, diverse ideas, meanings and claims about design in
the design literature Buchanan and Margolin (1995, p. xiii) write: “Young designers are rightfully confused
about the pluralism of competing ideas, and they struggle to form their own concepts and find a place in the
design professions... At its best ... debate about the meaning and definition of design has gradually broadened
the subject matter under discussion, revealing new aspects of products and suggesting alternative paths for
exploration, practice and reflection.”

Some of these will be reviewed below.

These will be discussed in detail below. Though I rearranged them, these four performance expectations are
derived from Vitruvius (1998), Book I. c. III, 2: “Now these should be so carried out that account is taken of
strength [firmitatis], utility [utilitatis], grace [venustatis]. Account will be taken of strength when the foundations
are carried down to solid ground, and when from each material there is a choice of supplies without parsimony;
of utility, when the sites are arranged without mistake and impediment to their use, and a fit and convenient
disposition for the aspect of each kind; of grace, when the appearance of the work shall be pleasing and elegant,
and the scale of the constituent parts is justly calculated for symmetry.” Criteria and constraints refers to
utilitatis; technical competency refers to firmitatis; and coherence and aesthetic quality refers to venustatis.
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Most do not (even implicitly) identify inducing intended aesthetic qualityas a
separate component.”® This may have to do with the desire within design research
to be inclusive of those design disciplines for which a design solution is not
necessarily an artifact - thus making it difficult to talk about aesthetic qualities

as anindependent component of designing. More likely, I will argue, is the desire,
promoted by the Modernists (still prevalent within the schools and the profession)
and argued for by the design methods movement, that designing can be, even
ought to be, scientised.
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There is a presupposition, attributed to modernism, that if a design solution optimizes functional/technical
requirements, and is governed by reason and “mathematical calculation”, the solution will (implicitly) possess
meaning and/or aesthetic qualities. From this point of view there is no need to be explicitly concerned with
determining intended aesthetic experience, as long as the design is rationally defensible. This concept, usually
misquoted and wrongly attributed to Sullivan’s (1896) famous aphorism “form ever follows function” (Leslie,
2010; Mumford, 1989), which is often mis-attributed to Le Corbusier (Rawsthorn, 2009) who promoted a kind
of machine aesthetic (See Banham, 1980, p. 188 quoting van Doesburg, “The new possibilities of the machine
have created an aesthetic expressive of our time, that I once called the ‘machine aesthetic’.") famously described
in by his “five points” (Corbusier, 1926/1970). In Towards a New Architecture Le Corbusier (1923/1986) writes
“the Engineer’s Aesthetic and Architecture are two things that march together and follow one from the other:
the one being now at its full height, the other in an unhappy state of retrogression” (p. 17). He goes further

to insist that the architect should follow the engineer who “inspired by the law of Economy and governed by
mathematical calculation” achieves harmony (p. 102). And that by doing so, “The Architect, by his arrangement
of forms, realizes an order which is a pure creation of his spirit; by forms and shapes he affects our senses to an
acute degree and provokes plastic emotions; by relationships which he creates he wakes profound echoes in us,
he gives us the measure of an order which we feel to be in accordance with that of our world, he determines the
various movements of our heart and of our understanding; it is then that we experience the sense of beauty” (p.
20). Perez-Gomez (1992) writes, “Many years have passed since architects began their search for a universal
theory grounded in absolute rational certainty. Gottfried Semper, for one, drawing on some of the insights

first expressed by Durand, postulated functionalism as a fundamental premise of architectural intentionality.
Semper clearly attempted to make the process of design analogous to the resolution of an algebraic equation.
The 'variables' represented the manifold of reality that architecture had to take into account; the solution was
simply a 'function' of these variables. This reductionist strategy has since become the fundamental framework
of architecture theory and practice, whether one examines the forms of structural determinism or more subtle
attempts to utilize psychological, sociological, or even aesthetic variables. More recently, various sophisticated
methodologies and even computers have been applied to design, always failing, however, to come to terms
with the essential question of meaningin architecture” (p. 469). For Perez-Gomez, meaning is analogous to
what I mean by aesthetic quality, it is the ability of architecture, as to evoke a particular kind of experience that
imbues architecture with meaning. Johnson, (2015) describing human beings as “complex, bodily and social
animals... [whose locus of all] experience, meaning, thought, valuing, communicating, and action is a series of
ongoing organism-environment interactions,” argues that the “meaning” of “any object or event arises in the
processes of organism-environment interaction that mutually define ourselves and our world. The meaning of
any object, person or event is what it affords us or points to by way of some experience we might have - either
past or present, or future possible experience” (p. 27). Meaning in this sense has to do with the significance of
our (embodied) interaction with the world (simulation semantics) as opposed to abstract inference (conceptual
semantics). Meaningful interaction with the world relies on the “affordances” that “arise from the ways my
body-mind can engage that object or event” (p. 28). See Gibson (1986). In this way, the experience of the world
has aesthetic meaning, or as Dewey writes, meaning “that presents itself directly as possessions of objects
which are experienced... the meaning is as inherent in immediate experience as is that of a flower garden”
(1994, p. 41). Maier & Fadel (2009) write "in the context of engineering design, we define an affordance as a
relationship between two subsystems in which a potential behavior can occur that would not be possible with
either subsystem in isolation” (p. 226).

What is designing?
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2.3

Iwill argue, however, that for an architectural design solution to exhibit expert qualities
it must satisfy four performance expectations:

Solve for (functional) design criteria/constraints**

Be technically competent (possible to implement with available technology and materials)
Appear to be coherent (make sense to the user)

Induce (intended) quality of aesthetic experience

Further, I will argue that, in architectural design, these four performance expectations
function together in a manner that is interdependent and incommensurable. To do so
an expert designer must possess multiple cognitive abilities, skills and competencies
to produce design solutions that satisfy (all) these performance expectations. How this
is achieved, how the various performance expectations function in the design process,
and how the ability to satisfy them is learned/acquired is the question of this research.

The purpose of researching design/design behavior/design cognition is to gain a
deeper understanding of what happens when designers design, to identify/codify
methodologies and methods that can inform how designing is taught, with the goal
of improving the effectiveness and efficiency of the design process and to increase the
likelihood of producing better quality design solutions.

Cross (2007) writes that knowledge about designing comes from three sources:
(1.) People, (2.) Processes, and (3.) Products.*
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This component of design is most like problem-solving. It refers to the functionalism postulated by Semper
(Perez-Gomez, 1998).

While I prefer Cross’ morphology, there are other ways to think about it. For example, Rittel writes that design
research (science of design) has three tasks: (1.) To further develop theories of and to learn more about the
reasoning of designers; (2.) To pursue empirical inquiries about how "plans” come about; (3.) To discover new
tools to support designers in their work. (Rittel, 1987, p. 9)

Form Follows Feeling



People: designing is a distinctively human activity, there is no evidence that other
animals display such behavior,”* and (so far) machines cannot do it either.”

As such design research studies designing as a kind of human behavior. This includes
examining the nature of designing ability, performance expectations of practice, as well
as understanding how people learn to design.

Processes: designing is an observable behavior that follows predictable patterns or
processes, making use of similar tactics and strategies (methodology/methods) that aid
the designer in discovering a solution. Much of this research involves careful observation
of designers at work in a controlled environment (design/talk aloud protocol).”” Critical
reflection on these observations gives insight into how designers actually work, which
tools and methods facilitate the process, when various strategies are applied.

Products: these are the embodiment of the design solution. Their shapes, forms,
materials, textures, functions, applications, references and precedents all embody
design attributes. How a product evolves over multiple generations, how new products
emerge, and what forms a designer can imagine often depends on the nature of the
problem, the needs of the user, the available fabrication and production technologies.
The study of the end product provides a wealth of information that can be used to gain
deeperinsight into designing.
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This not completely true, there is some evidence that animals do engage in deliberate problem solving activities
including evaluating aesthetic quality. See Ramachandran (2011); Damasio (1994); de Waal (2016) and Dong
(2015). A famous example is that of the bower birds from Australia and New Guinea who build elaborately
decorated nests with arrangements of flowers, berries, stones, and even bits of plastic in deliberate patterns.
Such is the intention of these arrangements that should the bower bird return to his nest and find even one
stone out of place, he will immediately return it to its proper place. (Ramachandran, 2011, p. 194-195)

Dreyfus (1992), discussing the limitations of “good old-fashioned Al,” argues that due to the disembodied
nature of computers, they are (and will always be) incapable of solving certain types of problems (a kind of
bounded rationality of computers), architectural design being one of them. As a fundamental characteristic of
architectural design is the quality of the aesthetic experience, and both the ability to assess and experience that
quality relies on embodied cognition (having a human body), and as computers do not have human bodies (and
most likely never will), it is impossible for computers to generate, evaluate and assess the quality of the aesthetic
experience of the design solution. This does not however mean that computers are useless in the design

process. See Schon (1992) for a discussion on the role of computers in the design process.

Think aloud protocol analysis emerged as a method of research in the area of problem solving in the 1920's.
Both the general availability of tape recorders in the late 40’s and video in the 70's aided in increasing the
accuracy and verifiability of note-taking and observations. Two landmark studies were by de Groot (1965) on
playing chess, and by Newel and Simon (1972) on problem solving. “In essence, protocol analysis relies on the
verbal accounts given by subjects of their own cognitive activities” (Cross et al. 1996) as well as documenting
sketches and similar externalizations related to the thought process. Cross et al. (1996), Zeisel (2006), and
Goldschmidt (2014) recognize the limitations inherent in asking someone to describe their thinking process
while actively working (think aloud protocols) but, even so, the empirical data gained from these protocols has
led to significant insights, and in fact is the most common data collection method used in design research.

What is designing?



Based on these three sources of design knowledge, Cross (2007) proposes a taxonomy
of the field of design research that includes:

Design epistemology - study of designerly ways of knowing (cognition)
Design praxiology - study of the practices and processes of design (methodology)
Design phenomenology - study of the form and configuration of artifacts (criticism)*

In addition to the three sources mentioned above, there is an additional source of
study related to designing and designer’s behavior, and that is Artificial Intelligence
(AI), design automation, and computer generated design. Research related to
problem-solving, systems and cybernetics, the mechanization of the problem-solving
process and Al (cognitive science), has influenced design research as a discipline
from the beginning (See Polya, 1945; Popper, 1959; Churchman, 1968; Simon, 1996;
Rittel, 1984; Schon, 1992). While research into design automation has led to many
importantinsights into designing, designer's behavior, and design mechanization,
(see Cross, 1977; Gun, 1982; Coyne et al. 1990; Mitchell, 1990; Ward and Smith,
1992; Tzonis & White, 1994; Davis, 2015; Gero & Maher, 2016), my interest in this
research is only insofar as it provides insight into how humans design and how design
expertise is acquired by people (students). Computer aided design is considered

here as one of multiple design tools (technologies) that facilitate the work of

the (human) designer.”
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While I am considering aspects of all three: design epistemology (acquisition of design expertise), design
praxiology (methodology) and design phenomenology (the special characteristics of architectural design as a
particular domain of design research, and the function of aesthesis in the design process), my emphasis is on
design epistemology and design praxiology.

Schon (1992, p. 131) discusses computer aided design in terms of the “purpose of the exercise.” Schon

lists four possible purposes: (1.) To achieve a design output, given some input, as well as, or better than,
designers ordinarily do it, but without particular reference to the ways in which the do it; this is the Turing
test, more or less, and it will be called functional equivalence. (2.) To reproduce how people actually go about
designing; this will be called phenomenological equivalence (3.) To assist designers in their designing (4.) To
provide an environment for research aimed at understanding how designers design. It is the latter which Tam
most interested in.
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2.4

In the most basic/simplistic sense, designing as an activity (not necessarily design
expertise) can be understood as a fundamental (human) activity in which all people
engage that leads to “making things to serve a useful goal” (Dorst, 2015, p. vii).*
Terzidis, (2007) in an article about the etymology of design writes:

[Dlesign is a conceptual activity involving formulating an idea intended to be expressed

in a visible form or carried into action. Design is about conceptualization, imagination,
and interpretation. Design is a vague, ambiguous, and indefinite process of genesis,
emergence, or formation of something to be executed, but whose starting point, origin, or
process often are uncertain. Design provides the spark of anidea and the formation of a
mental image. Itis about the primordial stage of capturing, conceiving, and outlining the
main features of a plan and, as such, it always precedes the planning stage. (p. 69)%°

The verb "design”

is derived from the prefix de and the Latin verb signare, which means to mark, mark
out, or sign. The prefix de is used not in the derogatory sense of opposition or reversal,
but in the constructive sense of derivation, deduction, or inference. In that context,
the word ‘design’ is about the derivation of something that suggests the presence or
existence of a fact, condition, or quality. (p. 69)
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“Everyone can - and does - design. We all design when we plan for something new to happen, whether that

might be a new version of a recipe, a new arrangement of the living room furniture, or a new layout of a personal
web page. The evidence from different cultures around the world, and from design created by children as well as
adults, suggests that everyone is capable of designing... it is a key part of what makes us human” (Cross, 2011).

Design is not the same as planning.

What is designing?



The word design in Greek

is axe'd1o (pronounced schedio), which is derived from the root oxedo'v (pronounced
sche- don), which means "nearly, almost, about, or approximately.’ Thus, from its Greek
definition, design is about incompleteness, indefiniteness, or imperfection, yet it also
is about likelihood, expectation, or anticipation. In its largest sense, design signifies
not only the vague, intangible, or ambiguous, but also the strive to capture the elusive.
(Terzidis, 2007, p. 69)

During the Renaissance, Walker (2009) writes, disegno “described the inventive,
conceptualizing phase which generally preceded the making of paintings, sculptures
and so forth” (p. 42). It wasn't until the industrial revolution of the 18"century that
the modern notion of (professional) designers, as such, began to emerge as “the
full-time activity undertaken by trained specialists employed or commissioned

by manufactures” who were not normally involved in the production of the things
they designed (p. 43).*°

The Merriam-Webster Learner's Dictionary** definition of design is: “de-sign verb \di-'zin\:
to plan and make decisions about (something that is being built or created): to create

the plans, drawings, etc., that show how (something) will be made.” In this definition
designing is understood as an action, a verb, it is not the end product.’* Further, designing
is understood as a creative goal-oriented, teleological activity. An activity that involves
planning and making decisions about something that will be made, built or created; where
the perfection of the action is determined by its proper end.

The word design can also be used as a noun (as in, “What do you think of my design?”),
and as an adjective (as in, “design research”). Both of these forms are derivatives of
the verb form. When used as a noun design can refer to the design concept, or the idea
that generated the product, thus making a distinction between the object at hand

and the design.
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Though the evolution of the architect as a design professional removed from actual building (from craftsman,
to master builder, to professional) evolved over centuries, it follows a similar pattern. See Kostof (1977); Cuff
(1992) “Metamorphosis of Architecture,” and http://www.designingbuildings.co.uk/wiki/The _architectural _
profession for an excellent historical summary of the evolution of the architect as a professional in England.

http://www.learnersdictionary.com/definition/design (January 24, 2017)

Properly speaking, one does not design for the sake of designing.
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Design as a noun can also refer to the proper end or product of the design activity (qua
verb) as an artifact called 'a design’ (qua noun) - which is not the thing itself but, as
Habraken (1985) calls it, an a functional approximation of a thing to be made.

Schon (1988, p. 182) writes, “design is understood as a kind of making: an action that
results in an artifact” [for human use]. This is the basic understanding of designing that
informs this research.

The type of something/artifact that is intended to be made greatly influences how one
goes about designing (tacit knowledge) and determines the scope of knowledge necessary
(declarative knowledge) in order to design it. While there are broad general principles,
methodologies and methods that can be applied to all design disciplines (graphic
design, industrial design, architectural design, engineering design, etc.) each discipline
(domain) specializes in designing different types of artifacts, that require different areas
of specialized knowledge, competencies and skills.** The specialized knowledge necessary
to design a website is not the same as that which is necessary to design a toaster; is not
the same as that which is necessary to design a building; is not the same knowledge
necessary to design a sewer system. The criteria for and the way one experiences

or uses a website, a toaster, a building and a sewer system are not the same either.
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That there are principles, methodologies and characteristics of design thinking/problem solving that are cross-
disciplinary is well established. See Jones (1992) Cross (2007), Lawson (2005), Schon (1991), Lawson and
Dorst (2009), Buchanan & Margolin (1995). However, due to the significant variation between the (content
and expected outcomes of) different domains of design, there is also value in discussing design as it is situated
in a particular domain. This research will use many of the concepts and theories from design research that are
considered cross-disciplinary, and then look more closely at them as they can be applied to architectural design
in particular. The emphasis on design as a cross-disciplinary activity was, and to some extent continues to be,
preferred within the design research community. However, as this research is not about design in general, but
rather design expertise within the domain of architecture, I am emphasizing the situatedness of design as a kind
of expertise. Gero and Kannengieser (2008) write, "Situatedness is a paradigm that provides a framework for
understanding how a designer’s interactions affect both what is designed and the designer’s experience (Gero
1999), drawing on models of situated cognition (Dewey, 1896; Bartlett, 1932; Clancey, 1997; Ziemke, 1999).
It can account for the central role of Schon's reflection-in-action and related phenomena reported in empirical
studies of designers (Suwa et al., 1999). Gero and Kannengiesser (2004) have modeled situated designing

as the recursive interaction between three different worlds: the external world, the interpreted world and the
expected world" (p. 3).

What is designing?



Designing, by its very nature, tends to be situated in a particular domain.>* One doesn't
normally ask an engineer to do graphic design, just as one usually does not ask an
architect to design a tea kettle - though I suppose you could.*”

In the Nicomachean Ethics (2004), Chapter 1, book 1, Aristotle argues that every action
has an end thatis proper to it (a telos).

Every art and every inquiry, and similarly every action and pursuit, is thought to aim at
some good; and for this reason the good has rightly been declared to be that at which
all things aim. But a certain difference is found among ends; some are activities, others
are products apart from the activities that produce them. Where there are ends apart
from the actions, it is the nature of the products to be better than the activities. Now,
as there are many actions, arts, and sciences, their ends also are many; the end of

the medical art is health, that of shipbuilding a vessel, that of strategy victory, that of
economics wealth. (p. 3)

Designing as a goal oriented (teleological) activity has a goal (telos) that is proper
to it: the thing to be made/the artifact. As such architectural design also has a telos
(just as making ships is to ship-building) that is proper to it: the making of buildings.*
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There is a general assumption that problem solving/design skills are transferable across disciplines. The
research, following McCormick (1997), does not accept this. Decades of research have found that problem-
solving skill is highly dependent on considerable domain specific knowledge. See Glaser (1984). Both problem-
solving and design (as a kind of problem solving) cannot be reduced (or generalized) to cross-disciplinary
procedural heuristics, processes or pure algorithms.

Lawson quotes the noted product designer Richard Seymour who observed “Although some architecture and
some product designs look very close it is really the extreme end of the bow of the architecture tree rubbing up
against a leaf at the extremity of the product design tree. We tend to think that they are very similar, but they are
not. Fundamentally their roots are completely different” (1994).

While this observation may seem self-evident, it is a surprisingly contentious point. In an informal survey I
asked 12 colleagues and grad students at Tsinghua University what they thought the proper end of architectural
design was: a concept (idea behind the design or generative idea), a set of plans (model and diagrams), a
building (the actual built building), or quality of space (created by the building). Six answered concept, two a set
of plans, one answered building, two answered quality of space, and one answered concept and quality of space.
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2.6

This is not to say that the practice or occupation of architectural design may not
have other benefits and produce other ends,”” but these benefits and other ends are
subordinate to the proper end of the action - in the Aristotelian sense.

The quality of the action is determined by the quality of the end that results from

the action. This quality is determined by domain specific, normative*® performance
expectations. Just as the excellent ship-builder is said to be so because he builds
excellent ships, so it is that the level of expertise of the architectural designer is
determined by the quality of the (built) buildings/built environments that he designs.
The proper end of architectural design is buildings/built environments.*

However, while buildings may be the proper end (telos) to architectural design,
buildings are not the proximate end. Designers (normatively) do not “make”
buildings per se. What they do is make functional approximations for the purpose of
building buildings (Schon, 1988; Habraken, 1985). Its been many centuries since
architectural designers were known as “master-builders,” or were directly involved
with the actual construction/making of buildings.*° From the outside, many people
believe what architectural designers make are drawings, models and renderings.
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See Cuff (1992) for a general overview of architecture practice

Normative is this sense is a generally accepted standard or expectation for performance as commonly used in

the study of Ethics. It is not meant to be evaluative. It simply refers to a what one usually means by or reasonably

expects when describing a particular behavior or practice.

Dewey (1938/1987) writes, “Why put it down in black and white that painting cannot exist without color,
music without sound, architecture without stone and wood, statuary without marble and bronze, literature
without words, dancing without the living body?” Explaining that “in every experience, there is the pervading

underlying qualitative whole that corresponds and manifests the whole organism of activities which constitute

the mysterious human frame (p. 204)

Though there is a growing interest in design/build where the architect is both designer and builder, it is not

considered normative. In fact, it was not that long ago that it was considered unprofessional if not unethical by

the AIA for architects to be both architect and builder on the same project.
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The confusion comes not from the fact that architects do make drawings, and drawings
are/can be approximations, but with what the nature and the (intended) function
(purpose) of the drawings (or approximations) are.”

In the most fundamental sense an approximation can be understood, without reference
to physiology or “hardware,” as “the way patterns within [a system] mirror, or fail to
mirror the patterns without that they represent” (Newell, Shaw, & Simon, 1958, p. 51).
In this way,*” design activity can be understood as being comprised of two (inter-related)
meta activities: that of ideation (conceiving of the thing to be produced) - what

is normally referred to as the “design process,” and that of devising a means for
externalizing® the idea in a manner that sufficiently communicates the design
intention so that it can be produced (usually by others), resulting in an artifact
(building) that actualizes the design intent (within an acceptable range). The
intended purpose of the (proximate) product of designing is to provide a means of
communicating (transferring) the information necessary to actualize the design intent.
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Itis also of interest how the designer “encodes” his internal representation (design idea thatis not, ina
cognitive sense, visual, spatial, haptic or auditory) in order to translate the idea into an external representation
(verbal description, drawing, model, CAD, etc.) that can be perceived and understood by another. (See Newell et.
al., 1958, p. 54 ff.) This problem is further complicated, if one is of the belief that the proper end to architectural
design is not a building but spatial experience. Gibson (1986), Bloomer and Moore (1977), Weber (1995),
Zumthor (2006) and others, observe that spatial experience involves not just single senses (such as smell,
touch, taste, sight, hearing) but rather by sense systems, which are informed by past experience (memory), and
perceived meaning (cognition). How does one accurately encode such intention in a manner that can be reliably
communicated to the builder? Does one make a note: “Room to be light and airy”? And just to make this ever so
slightly more complicated, Newell et al. propose the concept of the “mind’s eye,” or the "mind's ear,” asserting
that “an internal representation is visual if it is capable of serving as an input to the same information processes
as those that operate on the internal representations of immediate visual sensory experiences” (p. 55). Their
point is that while in fact the mind does not “see”, people do experience the phenomenon of “seeing”, (without
the use of their eyes) which from an operational point of view is sufficient. Pallasmaa makes a similar point in
his Eyes of the Skin (2005). The significance of this phenomenon, which is related to the experience of empathy
and described by mirror-neurons for design expertise will be discussed below.

In terms of producing the end-product of design. Within the design process drawing/externalizations serve
many purposes.

The topic of externalizing design ideas is closely related to the question of the role of drawing in the design
process. While this is a closely related and fascinating topic, I will not deal with it in detail here. Goldschmidt
(2003) and Arnheim (1993) frame the issue well. In the studio, I make a useful distinction for my students.
Designers make five different types of drawings: diagrams (used for understanding/exploring relationships),
sketches (used for exploring formal/spatial ideas), technical drawings (used for testing and refining ideas as
well as communicating detailed information about building assemblies), and finally illustrations (intended to
simulate the visual appearance of spatial experience of the finished thing). The cognitive function of drawing
is two-fold: the physical act of drawing and seeing provides feedback to the designer allowing him/her to see if
what he is thinking about is what he intends; and as a means of extending the short-term working memory of
the human mind, allowing the designer to extend the mind's capacity to deal with highly complex problems.
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To do so the designer makes a functional approximation or representation (which
may include drawings, models, CAD, prototypes, written documentation, etc.) that
isintended to communicate to another how to make the intended thing. For the
designer, this representation is instrumental or functional: it is not the end-in-itself.

Let me explain...

A representation orimage of a thing is not the thing itself, it is an approximation.

Larkin and Simon (1987) write, “Two representations are computationally equivalent
if they are informationally equivalent and, in addition, any inference that can be drawn
easily and quickly from the information given explicitly in the one can also be drawn
easily and quickly in the other, and vice versa” (p. 67). But it is impractical for architects
to produce computationally equivalent representations of things as complex (and big)
as buildings. Instead what architects do is make representations, whose purpose it is

to approximate the information necessary to actualize the making of a building with
the intended characteristics. It does not matter what form the representation takes:
drawings, diagrams, models (physical or computer generated), BIM, specification
manuals, conversation or scratches on a rock. The point is to transfer the information -
through whatever means - that effectively facilitates the communication of an accurate
representation of the “design” to another who will make the building as per the design
approximation.

There are many types of representations (sometimes called externalizations) involved in
designing. These serve different functions in the design process.** Schén (1988) writes,
"Sketches, diagrams, drawings and models function as virtual worlds, representations
of the real world of building on a site, within which architects can experiment at
relatively low risk and cost” (p. 182). However, finally, the design needs to externalize
and reliably transfer the elements of the “virtual world" as a representation so that
someone can make it in “the real-world of building on a site.”

Polanyi (1974) makes a helpful distinction when he discusses two kinds of meaning that
a thing (whole) may possess: existential and representative (or denotative). He writes,
“"anything that functions effectively within an accredited context has a meaning in that
context and... any such context will itself be appreciated as meaningful” (p. 58). Within
such a context (as design), a thing (the outcome of the design process, i.e.: the functional
representation embodied as a set of drawings or model, specifications, BIM, etc.) may
have either existential or representative meaning. In the existential sense, a thing has

|u

meaning in itself, for example, pure math or “the meaning of music is mainly existentia
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The topic of representations as they function in the design process will be taken up later.

What is designing?



In the representative sense, a thing means, or points to (as a symbol might), or describes
(denotative) another thing. The thing, in this sense has no meaning in and of itself, its
meaning comes from that toward which it is pointing or that which it is describing - it

is instrumental. The proximate product of designing (the functional representation of
the proposed object) is therefore understood not in the existential sense (the drawings
or models as products in themselves), but rather in the sense that they (the drawings

or models, etc.) point to something else: the intended building/built environment. The
functional representation of the object only has meaning insofar as it means “not the
building, but at one remove, sets of instructions for building” (Hillier, et al., 1972). The
proximate product of designing is better understood as a “data set” or set of instructions,
in whatever form, whose primary function is to communicate the information necessary to
make (build) the building as intended by the designer(s).

However it is possible for a thing to possess both primary meaning and subsidiary
meaning(s), even at the same time. For example, itis possible that technical drawings,
though made for the purpose of providing technical information for the purpose of
building, can be (at the same time) understood or appreciated as expertly crafted
artifacts in themselves.”> But it must be understood, that in this case, the artifacts
(technical drawings) are no longer valued (though they still retain it) for their intended
purpose as a functional approximation of the thing to be built. Their value in this case is
as objects that were intended for another use.

The proximate end of architectural designing, then, is the making of a functional
approximation for the purpose of building (making). While the proper end is the
building (object) that meets certain demonstrable criteria and constraints and possess
certain experiential qualities. Insofar as the actual building that results from the
interpretation and implementation of the functional approximation produced by the
designer satisfies the minimum standard expectations of professional practice it is
considered minimally competent. And to the extent that the functional representation
produced by the designer significantly exceeds the minimum expectations the work is
considered to be that of an expert. So, then what is meant by designing? What is it that
designers do?

52

Consider the sketches by Gehry, Johnson, Calatrava etc. or the beautifully inked technical drawings displayed in
offices and museums. These have become objects in themselves, appreciated for the skill and meaning and/
or emotion that they convey, or simply as historical artifacts. But, as objects in themselves they are no longer
valued as functional representations. It is not unlike the tourist who, fascinated with the traditional dress of an
ancient culture, takes it home, mounts it in a frame, and proudly displays the artifact over his sofa. The artifact
is still a piece of clothing, but its value is no longer as a piece of clothing, but rather as a souvenir. One further
example is personal. Before my grandfather died he asked me if I wanted anything. I asked if I could have his
hammer. The hammer brought me back to childhood days working by his side. The hammer, though designed
and intended as a tool for pounding in nails, is not valuable to me as a tool (though it is perfectly useful), but
rather as a relic that induces a state of anamnesis.

Form Follows Feeling



§

2.7

53

The way designing is defined by a dictionary and historians, and the way that designing
is understood by designers and design theorists is not necessarily the same. Some
attempts at defining design by some noted design theorists include:

A purposeful activity directed toward the goal of fulfilling human need.

(Asimow, 1962, p. 150)

The process of inventing physical things which display new physical order, organization,
form, in response to function. (Alexander, 1964, p. 1)

The performing of a very complicated act of faith. (Jones, 1966, p. 3)

Design as we know it can be seen as the socially differentiated transformation of

the reflexive cognition of the maker in terms of the latent possibilities of his tools,
materials and object types. Its object is not the building, but at one remove, sets of
instructions for building. (Hillier, Musgrove, & O'Sullivan, 1972, p. 6)

The area of human experience, skill and understanding that reflects man’s concern
with the appreciation and adaptation in his surroundings in light of his material and
spiritual needs. (Archer, 1979, p. 17)

Designing is not a profession but an attitude... [design should] be transformed from
the notion of a specialist function into a generally valid attitude of resourcefulness and
inventiveness. (Moholy-Nagy, 1947, p.42)

[Design is] an activity, aiming at the production of a plan, which when implemented,
yields the desired results, but no undesired and unforeseen side- and aftereffects.
(Rittel, 1968, as cited in Protzen and Harris, 2010, p. 14)

The conscious and intuitive effort to impose meaningful order... both the underlying
matrix of order and the tools that creates it. (Papanek, 1984, p. 4)

Courses of action aimed at changing existing situations into preferred ones. (Simon H.
A, 1988, p.111)

Design is a form of problem solving where individual decisions are made toward the
fulfillment of objectives. (Akin, 1986, p. 20)

Design is a complex game in which exploration of formal possibilities in some world
and critical inference from some knowledge base proceed in parallel and eventually
reach a reconciliation. (Mitchell, 1990, p. 81)

To design is to plan for the making of something new. (Goldschmidt G., 1991, p. 125)
Design is the human power of conceiving, planning, and making products that serve
human beings in the accomplishment of their individual and collective purposes.
(Buchanan, 2001, p. 9)

The most essential thing that any designer does is to provide, for those who will make
the artifact, a description of what the artifact should be like. (Cross, 1990, p. 128)

What is designing?



— We shall describe architectural designing as a kind of experimentation that consists

in reflective ‘conversation’ with the materials of a design situation... aninteraction of
making and seeing, doing and discovering. (Schén & Wiggins, 1992, p. 135)

Design is an enactment of a set of operating principles wherein the actors emphasize
different aspects of these principles. (Dong, 2009, p. 9)

The above quotes offer a glimpse into the plurality of ways designers and theorists
think about designing in general. Dorst, (2015), building on advances made in design
studies over the past 50-60 years proposes five statements that challenge some
common misconceptions about designing:

Designing is not just about creating beauty
Designing not all about ideas

Designing is notirrational

Designing is not mysterious

Not all designing is good

A common misconception is that designers are only concerned with designing
beautiful objects and/or that they are willing to sacrifice function for aesthetics.

Dorst points to the 18% century industrial revolution that first mass-produced “over
decorated monstrosities,” as the historical root of this perception from the perspective
of his discipline (industrial design).*® The result of this “flood of curls and patterns

on every available surface” was a wake-up call “for the need for a new aesthetic for
industrial products.” Dorst is not saying that beauty doesn’t matter, but that a sense

of refined taste was lost in the transition from hand-crafted objects where “ornaments
were expensive, and thus were a status symbol owned by very few,” to mass-production

and manufacturing that “suddenly made ornamentation very cheap” and less refined.*”
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Asimilar situation arose in the area of architectural design during the period that lead up to Modernism. Loos et al.

Dorst’s point is not that a well-designed object should not have refined aesthetic qualities, rather, he is
critiquing the simplistic additive technique of “beautification,” where objects are “overly decorated,” not refined.
Dorst references his own discipline where “designers are torn between the requirement to create a product that
is technically viable and ergonomically sound and the need to make it visually attractive.” His point is that there
is a balance between technical viability, ergonomics and aesthetics within his design discipline. Later on, I will
make a similar argument from the discipline of architecture.
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When Dorst states that designing is not all about ideas, he is critiquing the popular
notion amongst novice designers (and non-professionals), “who haven't yet
developed the skill and amassed the experience to work in a much more deliberate
way,” (and unfortunately taught in design schools), that the key to a successful
design solution is (principally) the generative idea or concept: once you have a
“concept” everything else magically falls into place.*® Dorst explains that professional
designers do not rely exclusively on the generation of “the idea,” rather “"they
approach problems in a very strategic, deliberate, and thoughtful way” (p. 43). This is
what is meant by design methodology - how one approaches the design problemina
systematic, strategic, deliberate and thoughtful way.

There is an impression (by non-designers) that because designing is a “creative,”
activity and perhaps because it involves drawing (rather word processing or spread
sheets), that it is somehow not serious work, that designing is fun, * that it does not
require disciplined reasoning. When Dorst writes that designing is not irrational, he
not saying that designing is rational, but that designing is not completely objectifiable,
thatis “design isinherently open-ended” (p. 43). Designing requires exercising
judgment based on clear analysis to develop viable “solutions that can be judged

on a sliding scale of better or worse relative to the needs of stakeholders” (p. 43).In
designing there is no single right answer, that can be justified in a strict “rational” or
“scientific” manner.””
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The term/concept of the generative idea is attributed to Jane Darke (1979). The generative idea works within
the “generator - conjecture - analysis” model of design, where the generative idea is understood to be “a broad
initial objective or small set of objectives, self-imposed by the [designer]” (Darke, 1979)., p. 40

Rittel writes: “The act of designing could be fun: what would be a more rewarding pastime than to think up some
future and to speculate how to bring it about? However, what is troublesome is the recognition that the plan may
actually be carried out. If so, the designer faces two possible kinds of failure. A type-1 failure has occurred if the plan
does not accomplish what was intended. A type-2 failure has occurred when the execution of the plan causes side
and after effects that were unforeseen and unintended, and prove to be undesirable. Normally, mainly the fear of the
latter type of failure spoils the fun of design: Have I forgotten something essential? Designers worry” (1987, p. 2).

This aspect of design can be particularly frustrating for beginner designers (novices) who are determined to
produce and believe that there is a "best” or an optimal solution. The open-ended characteristic of design is very
frustrating for them. This is also related to why design cognition is said to be primarily abductive (rather than
deductive orinductive).

What is designing?



Designers like to talk about what they do in mysterious ways, they like to suggest that
what they do cannot be explained, or relies on some special knowledge. ** This is related
to the tacit nature of designing. Dorst argues that in fact designing is not really all that
mysterious. Over the past 50 years a great deal has been learned about designing,
design cognition, designers and the things that they design. By now, Dorst claims, there
is a “core body of knowledge that is largely beyond contention.” His point is that while
there is still much to be learned, and there is still much room for innovation, there

is a body of research and knowledge that has been amassed that forms a generally
accepted foundation for design theory.

Finally, Dorst writes that not all designing is good designing. There is an opinion
amongst some that if a design is based on reliable research and sound thinking and
done by a professional, that the design must then be good. This is simply not true. Not
all designers are equally skilled, and as in any profession, “there is also superficiality
and mediocrity in designing - and many designs that make up our human-made world
are hard to defend, even inexcusably awful” (p. 44). Implied in this observation is the
acknowledgment that there are established performance expectations of practice
against which the work of a designer is judged and the developmental aspect of design
expertise: there is a difference between the competency of a novice and an expert
designer. These in turn beg the question of connoisseurship (which will be discussed in
detail later). How does one know bad design from good design, and a good design from
an exceptional design?
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Coyne and Adrian (1991) propose that the mysteriousness associated with design has its roots in the “dual
knowledge thesis,” which is related to Cartesian dualism and the mind/body problem. They describe the dual
knowledge thesis as positing that there are two ways of thinking: logical, analytical, and rational (science is
associated with this kind of thinking); and subjective, idiosyncratic and irrational (design is said to fall into the
latter). Coyne and Adrian argue that “the dual knowledge thesis is untenable and unnecessary.” Theirs is an
argument to return to “the way things appear.” Founded on the hermeneutics of Gadamer and the pragmatism
of Dewey, the authors argue that the idea that design is mysterious is pervasive because, generally speaking,
there is a belief that “there is a kind of thinking that is logical, analytical and rational,” and that any kind of
thinking “that is not explicable in these terms” is deemed mysterious. Their thesis argues that “understanding

is acquired” when expectations are brought to bear on a situation. As expectations are brought to bear “that are
derived from our effective historical consciousness” they are constantly renewed as we respond to new situations.
As expectations are brought to bear on a situation are renewed, knowledge (understanding) is "accomplished
through interpretation” of the situation in light of expectations. By offering this hermeneutic understanding of
knowledge they argue that “when mystery is removed then effective dialogue, and hence learning, can ensue.”
While this explanation is intriguing and insightful (and points to a significant problem in how we understand
what knowing is), it seems to me that the argument from two different types of knowing, knowing that and
knowing how, where knowing that is associated with declarative/conceptual knowledge that is easily transferable,
and knowing how is understood as procedural/heuristic knowledge that is tacit, offers a clearer explanation for
why design knowledge/ability (like other kinds of expertise) is often described as “mysterious.”
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This chapter places architectural design in the context of an occupation. As an activity
within an occupation, it is understood that designing is evaluated by normative
(explicit and/orimplicit) performance expectations of that occupation. Based on

my working definition of designing, I have proposed four normative performance
expectations. These include producing a solution that: (1.) Solves for the criteria

and constraints of the design; (2.) That is technically possible; (3.) Coherent; (4.)

And induces intended qualities of aesthetic experience. These components are of
two types: demonstrable and experiential. The demonstrable components describe
the quantitative, measurable (perhaps objective) aspects of the design solution.

The experiential components describe the qualitative (perhaps subjective) aspects

of the design solution. By placing designing within a profession with performance
expectations I also establish the possibility of discussing design expertise: a designer
(recognized by the profession) who consistently produces design solutions that
significantly exceed the performance expectations of the practice. While it is true that
said expectations, especially the experiential expectations, are difficult to codify, and
arein flux, there is an ability amongst practitioners to recognize work that exceeds the
normative standard. This ability is related to connoisseurship. Architectural design has
both a proper and a proximate end. The proper end of designing is a building (object).
The proximate end of designing is a functional approximation for building (making).
The degree of expertise possessed by the designer is determine by the degree to which
the building exceeds both the demonstrable and experiential components of the
performance expectations.

What is designing?
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Design Cognition

The natural sciences are concerned with how things are. Design on the other hand is concerned
with how things ought to be, with devising artifacts to attain its goals. We might question
whether the forms of reasoning that are appropriate to natural science are suitable for design.
One might well suppose that the introduction of the verb ‘should” may require additional
rules of inference, or modification of the rules already embedded in declarative logic.

Simon H., 1996, pp. 58-59

The above quote raises the question of cognition - “the activities of thinking,
understanding, learning, and remembering,”>* More specifically it raises the question
of design cognition. It suggests that designers may think differently than scientists.
Itis a question of the mind. >® While Simon, who coined the term sciences of the
artificial and is also credited with first considering designing as a way of thinking
(1996), others such as Rowe (1987) with his design thinking, Lawson (2005)

with what designers know, Dorst (2015) with his frames of mind, Jones (1992)

with his systematic approaches, and Cross (2011) with his designerly ways of knowing,
have continued to develop the idea of designing as a way of thinking.
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“Cognition."” Merriam-Webster.com. Merriam-Webster, n.d. Web. 14 Jan. 2017.

“Mind" is a problematic term. The mind is not understood as a physical thing as it is a word used to identify the
function of human cognition and self-awareness. This is how “mind” is used in this research. In ancient and
medieval philosophy mind was used to identify the “essential” qualities of a person not unlike the “soul.” It had an
eternal existence. Its what was left when you died. Mind and brain are not interchangeable. See Damasio (1994),
Searle (1994), Lakoff & Johnson (1999). To explain this the analogy of the mind as the software and the brain as
the hardware is often suggested. (McCarthy, 1966, p.65) While the analogy does offer a useful distinction (similar
to form and matter), it confuses the issue by locating all cognitive functions in the brain. Human cognition is not
limited to the brain, but includes the entire body as well as external resources by means of extension, for example
tools, or Ryles’ blind man’s cane. (Dreyfus, 1992) Philosophers and scientists have attempted to locate where the
mind/soul resides. Most famous is Descartes who locates it in the pineal gland. In 1907, Duncan MacDougall
performed some experiments to identify the weight of the soul the moment that it left the body upon death. He
found the soul in six patients to weigh between 0.5 to 1.5 ounces . See Pandya (2011) Clark (2001) describes the
mind as a “meat machine.” His is both a "rejection of the idea of mind as immaterial spirit-stuff and an affirmation
that the mind is best studied as a kind of engineering perspective that reveals the nature of the machine that all
that wet, white, gray, and sticky stuff happens to build” (p. 7). Pinker, referencing the computational thinking
model (CTM), he presents in his book How the Mind Works, (2009, pp. 22-27) writes that the “mental life consists
of information- processing or computation. Beliefs are a kind of information, thinking a kind of computation, and
emotions, motives, and desires are a kind of feedback mechanism in which an agent senses the difference between
acurrent state and goal state and executes operations designed to reduce the difference” (Pinker, 2005). He
describes the “mental life” as consisting of: beliefs, thinking, and emotions.

Design Cognition



Others, with a decidedly more cognitive approach include: Gero (2016),

Sussman & Hollander (2015), Brawne (2003), Eberhard (2007), Mallgrave (2011),
Eastman, Newstettel, and McCracken (2001), Mitchell (1990), Akin (1986), and
toname a few. Dong et al. (2015) consider designing from the point of view of
evolutionary biology, looking to the thinking of animals for the building blocks

of design thinking.

The question of the nature of design cognition is not so much whether there is

a physiological difference in the neural structure specific to the scientist’s or the
designer’s brain that makes one more suited to one domain over the other - though
there is some evidence that this may be true (Mallgrave, 2011) - it has more to do
with how scientists and designers think about and go about solving problems within
their domains. The question needs to be considered in light of the nagging belief
that scientific thinking, with its inductive reason and logic, is objectively superior to
the way designers think, with their reliance on inspiration, intuition, and feelings.
Design researchers believed (or at least they wanted to believe) that by reframing
what designers do, using more terminology from cognitive science - and by perhaps
changing the way that designers work and doing away with inspiration, intuition,
and feelings - that designing, designers, and design solutions may achieve the same
credibility as science, scientists, and scientific solutions.

The other question that the above quote poses is related to the word “should.”

Should implies that while there is a way to see things as they are and understand

them as such, there is also an alternative to the way to see things, perhaps a better way,
and that this alternative way ought to be implemented. It is the difference between
making the claim that the pencil is yellow and the pencil should be yellow. The firstis a
verifiable observation of what is or what seems to be. The second is a proposition of
what should or ought be (for some perhaps some unknown or yet-to-be known reason).

This distinction between observing what is and proposing what could/should be
encapsulates the epistemological difference between (scientific) problem-solving
and designing - it asks how do designers, as opposed to scientists, know what could/
should be, on what basis do they know it, and why should we listen to them.**

A "way of knowing" is a kind of intelligence. Though the terms are often used interchangeably, thereis a
distinction between information, knowledge and intelligence. MacFarlane (2013) describes information
as a "meaningful, shared pattern” (§ 3). Information is encoded and transferred by language. Information
understood as data is transferred and measured in bits, chunks and bytes and possesses no semantic value.
(However, some do claim certain kinds of information can also be found in the semantic, meaning-related
aspects of language.) Knowledge is “a store of information [data] proven useful for a capacity to act” (§ 6).
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The question possesses epistemological, ontological and phenomenological
dimensions. Answering it requires an examination of how designers know what they
know, what designing is as a behavior, and how one experiences it as an activity. For
example, when designing is understood as primarily (abstract) thinking, designers
rely heavily on analysis, narrative, conceptual ideation to produce a design solution.>”
The product (expected outcome) of such an approach to designing is understood to
be anidea - a concept - the Platonic form that gives shape to matter, the Aristotelian
substance that gives meaning to accidence, the essence that enables existence. *°

Itis a disembodied (abstract) concept for a building that is only embodied (given
shape) should it finally be built.>” The design solution does not rely on being built to
exist, even before it is built, the design already exists in the realm of possibility.

Though some knowledge is innate, “most is gained by interaction with the world” (] 6). There are multiple
means for gaining information. Intelligence unlike belief and knowledge is a process, or “an innate capacity

to use information to respond to ever-changing requirements... to acquire, adapt, modify, extend and use
information in order to solve problems” (4 10). There can be some confusion when talking about knowing
versus knowledge. Just as there are different kinds of knowledge, such as explicit orimplicit, practical or
propositional, conceptual and procedural, there are also different kinds of knowing. Way of knowing is akin
tointelligence. Though intelligence has often been considered to be of one type, whose quotient is famously
measured by psychologist William Stern with his IQ test. Research, such as that by Howard Gardner (1983),
proposes that there are more likely multiple intelligences. Garner proposes eight intelligences but acknowledges
that there may be more. Nigel Cross (1982) suggested that there may be a “three cultures view” of human
knowledge: sciences, humanities and design. Cross calls these “ways of knowing.” D'Souza, (2007) building on
Gardner's theory of multiple intelligences, considers design as an additional (perhaps ninth) kind of intelligence.

“Mitrovic (2009) explains that even to this day, “the view, widespread among theorists in the late 20* century,
that the only properties of an architectural work that matter (or even that might exist) are those which can be
described in words. Everything else, it was assumed, was superficial and unworthy of consideration” (p. 31).

These also include philosophical understandings of design, not in terms of the object or in terms of the action,
but in terms of how the action of designing transforms orimbues meaning on the object irrespective of its
physical form or material properties. Folkman (2013) writes: “A design process may take its point of departure
inanidea, thatis, before the object, while it is the cultural context after the object that ultimately determines
the meaning of the design object. However, it is the object that gives the idea its tangible expression... In the
phase of becoming, that s, in the design process, design converts and transforms the possible into forms and
appearances. Accordingly, as final objects, some aspects of the possible remain as a structure of meaning
afforded by the objects” (p. 3). This ability or phenomenon where design imbues meaning on an object is related
to the quality of the aesthetic experience afforded by the object. Folkman describes this ability of design to
imbue meaning on an object as the function of the aesthetic in design. I, however, will discuss the function of
aesthesis as a motivational factor in the design process.

In this line, Aristotle writes in the Metaphysics, book 3,”And this itself is also one of the things that must be discussed-
whether sensible substances alone should be said to exist or others also besides them, and whether these others are of
one kind or there are several classes of substances, as is supposed by those who believe both in Forms and in mathematical
objects intermediate between these and sensible things” (2014, § 2). What constitutes existence of a thing?
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When designing is primarily understood as a kind of making, designers rely on emotions,
sense perception, experience in space, materiality, technical ability, buildability.”® These
designers also make use of generative ideas or concepts (Darke, 1979), but more so as

a method, or a vehicle for generating a form or for identifying a way to think about the
problem. It is understood that in the end the concept doesn't really matter, in the end
itis only the actual building/built environment that matters. The product of such an
approach to designing is not the concept or the idea, but the means to make a building,
that explain what the artifact is made of and how to make it. The design is not the form
that gives shape to matter, but more aninstruction communicated to a builder that is only
actualized (finds its true existence) when it is built. It is only then that one can assess the
quality of the design. Before it is built, the design exists in an ontological limbo.

While the above example may only describe the extremes, it illustrates that what the
designer considers to be the proper end of architectural design - the concept (idea) or
the building (object) — impacts how the designer expects his design will be experienced
by others as an intellectual or a haptic experience.”” It suggests that the design is the
“meaning” of, rather than the experience of the object (Folkman, 2013); where it is the
design that transforms the essential being of the materials in a more basic sense by
bestowing them with (new) meaning.®®

Does such a (ontological) transformation, effect the (phenomenological) experience

of the object? Or could it be that the product of designing is (just) the artifact, an
intentional assemblage of objects that results in the building/built environment; where
the only meaning comes from the intended quality of the architectural experience or
the meaning imposed on it (perceived) by the user?
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A representative example of this approach can be found in Zumthor's, Thinking Architecture (2006). He writes,
“Architecture is always faced with the challenge of developing a whole out of innumerable details, out of various
functions and forms, materials and dimensions. The architect must look for rational constructions and forms for
edges and joints. These formal details determine the sensitive transitions within the larger proportions of the
building. The details establish the formal rhythm, the building’s finely fractionated scale” (p. 15).

Heschong's little book, Thermal Delight (1989) is a wonderful exposition on how “the thermal function of a
building could be used as an effective element of design. Thermal qualities - warm, cool, humid, airy, radiant,
cozy - are an important part of our experience of a space; they not only influence what we choose to do there but
also how we feel about the space” (p. vii).

Forexample, I, as a designer, stumble across an oak log in the woods. After I stand up and brush the leaves off my
cloths I notice the shape and the texture and the color of the log. I think, “this log will make a great stool.” I take it
home, Iclean it, I adjust its shape so that it doesn’t wobble in the floor and it's a little more comfortable to sit on.
I put a finish coat on it and polish it. I might even put little floor protector feet on it. Now, have I transformed this

log into a stool. Has my “designing” a stool from a log changed its being, its meaning? Is it still a log?
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Whether the proper end of designing, is thought of as an idea or an object, oras an
action, as primarily thinking or making, in all cases designing is a kind of problem-
solving, albeit with the "devising of artifacts” as its goal.

How then do we understand the cognitive functions of design as a kind of problem-
solving? Is it a primarily a deductive, inductive or abductive process?°* Is it an explicit,
rational, scientific process or a more implicit, tacit, experiential way of knowing?

To solve a design problem, is it necessary to exhaust every possibility and combination of
possibilities, eliminating each option until the most optimum solution is had? Or does design
as problem-solving involve short cuts that eliminate all but the most likely optimal solutions
from the start? And if it does include such short cuts, how does a problem-solver know
which short cut to use when. And how does a designer as problem-solver know when he has
found the most optimum solution possible? Does the most optimal solution even exist?
The answers to these questions will provide the conceptual foundation for what follows.

This chapter will present concepts from cognitive science® that have been influential
on design research in general and on designing in particular. Influential thinkers
include, Popper, Newell, Simon, Ryle, Polanyi, and Rittel, Dreyfus, Damasio, and
Lakoff and Johnson. Their work provides a theoretical basis, supported by legitimate
authority and research to claim:
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When discussing problem-solving and human cognition three types of thinking or inference are generally
referred to: deduction, induction and abduction. In short, “Deduction proves that something must be; induction
shows that something actually is operative; abduction merely suggests that something may be” (Pierce, 1931).

Deductive reasoning can be equated with the rules of logic or logical inference. Deduction results in new facts.
Starting with a verifiable premise and using the rules of logic, deductive reasoning almost guarantees a true
statement. Deductive reasoning however is non-amplitative, it doesn't add to human knowledge because the
conclusions are contained within the premise (tautological). Deductive conclusions are not predictive.

Inductive reasoning starts with specific observation that form the basis, in light of the evidence, of a likely, but
not certain generalized conclusion. Induction leads to the conclusion that the theory in question is likely true.
Inductive assertions are fundamental to scientific inquiry.

Abductive reasoning (a term coined by C. P. Peirce) is projective and generally suggests some kind of action or
procedure. Pierce defines abduction as “the process of forming an explanatory hypothesis. It is the only logical
operation which introduces any new idea” (Douven, 2016). Abduction leads to a new concept or theory that
explains observable facts. Abductive thinking is behind many contemporary theories of design thinking, such as
Dorst's Frame Innovation: Creative New Thinking by Design,(2015).

See Gardner's The Mind’s New Science, (1985) for a history of the emergence of cognitive science as a new
discipline. Gardner defines cognitive science as an inter-disciplinary, “contemporary, empirically based effort to
answer long-standing epistemological questions - particularly those concerned with the nature of knowledge,
its components, its sources, its development, and its deployment” (p. 6). The cognitive sciences include:
philosophy, psychology, artificial intelligence, linguistics, anthropology, and neuroscience.
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(1.) Our popular understanding of scientific method is flawed, (2.) There are different
ways of knowing, (3.) Problem-solving follows a consistent pattern and is sequential,
(4.) Due to the limits of human processing ability and memory capacity, short cuts
(heuristics) and/or means for extending these resources (paper and pencil) are
necessary, (5.) Even with unlimited (brute) processing power, memory capacity and
time, an optimal solution may not be possible for certain complex problems, (6.) We
can know more than we can say. (7.) Our bodies play a significant role in thinking, (8.)
There is no such thing as the “innocent eye,” all human problem-solving is influenced
(due to our bodies, memories, intellectual ability, experience, language, etc.) by
presuppositions, preferences, and biases, and this is a good thing, (9.) The human
“mind” is always seeking coherence (Gestalten), (10.) Feelings play an important role
as a verification system in the problem-solving process.

The history of Design Research as a discipline has been well documented. © (See Langrish,
2016; Goldschmidt, 2014; Margolin, 2010; Bayazit, 2004; Archer, 1999; Cross, 1993;
Broadbent, 1973/1984). Over the past 50-60 plus years multiple theories and research
methodologies have evolved that have led to important insights into what designing

is, its practice and products. The evolution of the discipline can be described as taking
place over three over-lapping phases.®* In the early years the primary aims of design
research were to scientise/systematize designing and propose prescriptive methods®”
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It is generally accepted that, though efforts have been documented as far back as the 1920's, the (Design
Methods) movement began with the 1962 (London) Conference on Systematic and Intuitive Methods in
Engineering, Industrial Design, Architecture and Communications, Imperial College, September 1962. (Jones &
Thornley, 1963)

See Cross (Science and Design Methodology: A Review, 1993, p. 63-64) for a description of this important period of
evolution from rejection of the movement by the founders to the emergence of the “second generation.”

Dixon (1987) identified three models (taxonomy) of (engineering) design theory. These include: prescriptions,
descriptive cognitive theories, and computational theories. Prescriptive “advocate how design should be done in
particular circumstances” (p. 151). Descriptive cognitive theories, require “relating the meaningful operationally
defined variables from each of the following: the person or persons; the problem; the organizational environment;
the design environment; the design environments including (for example) computer tools, analytical and drafting
tools, information resources, etc. and; time” (p. 152). Computational theories: A complete design system for a
computational theory requires relating the meaningful operationally defined variables from each of the following:
the problem; the knowledge; the control (i.e. communication and decision making); and time. (p. 153)
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that would produce reliably superior results. In the first phase the discipline was
referred to as Design Methods. This phase is said to have ended when two of its
founding members (Alexander, 1971; Jones, 1977) famously and publicly rejected the
movement. ° The second phase, referred to as Design Theory and Methodology, began
with a new understanding of the relationship between the design problem and the
design solution.®”

During this phase the emphasis was/is on the use of protocol analysis and cognitive
science that suggests descriptive models based on how designers really work.®

In the present phase, referred to as Design Research,*” the discipline is applying

new discoveries in cognitive science and artificial intelligence, proposing new ways
of approaching design problems, refining earlier theories and discovering ways

that give insight into how designers think that can be applied to other disciplines.
The popularization of the term design thinking, has grown out of this phase

of the research.”
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Alexander, when asked in an interview, "In what areas should future work center in design methodology?” He
answers, "I would say forget it, forget the whole thing. Period.” This is an oft quoted sentence, but its not the
end of his answer. He continues, “Until those people who talk about design methods are actually engaged in the
problem of creating buildings and actually trying to create buildings, I wouldn't give a penny for their efforts,”
One presumes that he is talking about Simon, Rittel and Broadbent, none of whom are architects.

In response to the crisis that the design methods movement met when some of the early founders publicly
disassociated themselves from it, Rittel (1984) suggested that rather than abandon the entire movement, to
consider the beginnings of the movement as a first phase of an evolving discipline. He went on to suggest an
agenda for the second phase, which was largely ignored.

Zeisel writes that research describing what happens when designers think is necessarily “indirect and
inferential or introspective.” Such evidence includes personal experience, participant observation, stream-of-
consciousness reports, and analysis of successive design drawings. Some theorists look to other disciplines such
as linguistics, artificial intelligence, evolutionary biology and neurosciences to provide illuminating analogies
and insight into designers’ mental processes. (2006, p.21)

To avoid confusion, I will refer to the discipline throughout using the designation currently in use: Design
Research (DR). This designation is the most inclusive.

See Brown's “Design Thinking” (2008) Brown defines design thinking “a discipline that uses the designer’s
sensibility and methods to match people’s needs with what is technologically feasible and what a viable
business strategy can convert into customer value and market opportunity” (p. 86). See also Razzouk and Shute
(2012) for an overview of the development and the ideas related to design thinking.
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3.2

The desire to scientise’* designing was the driving force behind the first generation of
design research (Cross, 2001). And as such (wittingly or unwittingly) set the agenda
(framed the problem) for future research.”? As early as the 1920’s there was a rising
suspicion and distrust of the idea of design expertise as special knowledge (Banham,
1980) and the function of aesthetics in designing (Downton, 2003). As quoted by
Cross (1993, p. 66) this mistrust of that which was not “scientific” is captured by the
writings of Theo van Doesburg, who wrote:

Our eraisinimical to all subjective speculationin art, science, technology, and so on.
The new spirit which already governs almost all modern life, is opposed to animal
spontaneity (lyricism), to the dominion of nature, to complicated hair-styles and
elaborate cooking. In order to construct a new object we need a method, that is to say,
an objective system. (Van Doesburg & Van Esteren, 1924/1994)

And Le Corbusier who wrote about a house as an objectively designed
“machine for living” in:

The use of the house consists of a regular sequence of definite function. The regular
sequence of these functions is a traffic phenomenon. To render that traffic exact,
economical and rapid is the key effort of modern architectural science. (CIAM 2nd
Congress, 1929)
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See Schon (2009) for a good overview of how the technical rationality, by the second half of the twentieth
century, in American universities, had become “embedded not only in men’s minds, but in the institutions
themselves, [as the] dominant view of professional ..." (p. 30-37)

Broadbent (1973) writes that the reasons “for approaching design in new ways... are determined by shifts in

philosophical attitudes which are not exclusive to architecture, but pervade the whole of our culture and, most
specifically, its science and technology” (p. 56).
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These comments epitomize a way of thinking about designing that wants to be
objective and methodological - rational. There is a distrust of intuition and inspiration
and personal expression, preferring a kind of so called objective rationality, devaluing
the importance of aesthetic experience as well as the function of aesthesis in the
design process. The true design solution was thought to lie in the application of the
“scientific method” to designing.”” The belief emerged that if designers could clearly
state the problem, follow a prescriptive procedure, anticipate (all of) the intended and
unintended outcomes, then they could arrive at better (optimal) design solutions more
efficiently without depending on “special knowledge.””* Or if designers just collected
enough data, organized it in a special way, devised a method for optimizing the

desired outcome of a complex system, with measurable outcomes, designing could be
systematized (and mechanized/computerized). The belief was (and for some continues
to be) that the design process must be able to be codified and mechanized.

This desire was tied to the positivism of the early 20t century within the scientific
community that called for a “unity of science.””® That is, that all (respectable) sciences,
both human and natural, must use the same methodology. The design professions
wanted to be included as one of the sciences, believing that by doing so designing
would be legitimized, taken more seriously. To do so designers could only lay claim to
truth or certainty if they made use of the (verifiable) methods of the natural sciences.
Much work was done based on these premises to rethink designing in these terms.
Simon's (1996) The Sciences of the Artificial, and the early work of Christopher
Alexander (1964) in Notes on the Synthesis of Form exemplify this effort.”
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By scientific method was meant rational empiricism based on logical deduction and inductive inference.

It may turn out that it is exactly this so-called “special knowledge” that designers tried to rid themselves of that
holds the key to understanding how designers think. Later I will propose that was meant by special knowledge
may be nothing more than what is meant by tacit knowledge coupled with insights from embodied cognition.
The problem, I will argue is not with how designers think, but rather that the implicit nature of tacit knowledge
makes it difficult to describe how they think using scientific vocabulary.

"Positivism claimed that 'the laws and concepts of the special sciences must belong to one single system...
They must constitute a unified science with one conceptual system (a language common to all the
sciences) containing the conceptual systems of the individual sciences as members and their languages as

sublanguages'” (Kraft, V, 1953, as quoted by Snodgrass & Coyne, 1997, pp. 71-72)

Gabriella Goldschmidt (2014) offers a good summary of Alexander's efforts. (pp. 15-18)
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Much was learned by these efforts, but there were several problems (and continue to
be) with this scientised approach to designing and design research regarding both
what designers do and how they do it.”” First, as observed by Simon (1996, p. xii),
designers do not do the same thing as scientists. Designers propose a world that does
not yet exist, while scientists propose theories based on the known world. Scientists
are concerned with the necessary while designers are concerned with how things might
orought to be. Second, as design research is about understanding how designers
design and designing as a human behavior, methods that are successful for producing
new knowledge in the natural sciences, where the subject of study is inanimate with
predictable properties, are not as effective when applied to human behavior. “The
criteria of objectivity demanded by the natural sciences are self-negating when applied
to the study of human behavior” (Snodgrass & Coyne, 1997, p. 9). Third, the emphasis
on problem-solving and the use of verifiable methods of the natural sciences had so
devalued the experiential/aesthetic nature of design[ing] as to “rob it of its soul,”
destroying “the frame of mind the designer needs to be in if he is to design good
architecture” (Alexander, 1984, p. 310)

Still a more fundamental problem with this approach comes from the presuppositions
of the scientific method itself. Positivistic/rational theories of scientific knowledge
insist that truly scientific knowledge is gained primarily through verifiable observation
and inductive conjecture. That is, as Popper (2002) summarized: “the inference

of universal laws from particular observed instances as a method by which we

are guided to the point whence we can intuit or perceive the essence of the true
nature of a thing” (p. 16). Popper, critiquing this definition, argues that this is

not what Socrates meant when describing the process of induction in the Meno.
Rather, what Socrates meant by induction, as understood within his epistemology,
isanamnesis. For Socrates, all knowledge (truth) is pre-existent, derived from

eternal universal laws. Learning and inquiry is a kind of remembering (re-cognition

of pre-existent truths observed in nature), not discovery. The truth already exists.
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Whether design should be considered as a science or could ever be considered a science was contested within
the Design Methods movement from the beginning: “The question of whether design can or will ever be
‘scientised’ is a point of disagreement in the field of design methods. Rittel makes a powerful argument that it
can never be a scientific activity, based on the observation that science attempts to be “value-free” in the sense
of not allowing values or prejudices to distort the observations from nature, while design in fact attempts to
implement the very values and images of what ought to be that science attempts to keep out of its procedures.
In this view design can be studied scientifically, but it is a fundamentally different activity in itself than the
activity of science” (Grant, 1972). The science of design is what is meant by design research.
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Popper argues that this misunderstanding of the meaning of inductive reasoning
(scientific knowledge), that universal truths can be revealed from verifiable observation,
is a fundamental flaw that is central to many noted thinkers, including Bacon, Hume
and Descartes.”® For Popper, due to the inherent limits of observation and human
cognitive capacity, knowledge gained by induction is at best an educated guess that has
the appearance of truth.

Bruce Archer (1999), summarizing Popper’s critique of scientific method argues that
we should therefore "reject the old [Baconian] principle that the true scientist should
arrive at a scientific theory through inductive reasoning” (p. 567). He argued that we
must accept, instead, that induction, is fundamentally flawed as a method of scientific
inquiry. Thatin fact most, if not all, scientific discovery is actually an informed guess
based on verifiable observation, and then tested, perhaps, using a method that is
something like inductive reasoning with the claims to universal truth, but with the
understanding “that most, if not all, scientific discovery is based on the positing of an
insightful tentative explanation about the meaning of the evidence" (p. 567).

You do not, said Popper, have to prove whence these conceptions came. What you do
have to do, is apply every test you can think of to discover any flaws in, or limitations to
your proposition. (p. 567)
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Popper (2002) goes on further to say that what Aristotle (and Bacon) meant by induction is “not so much

the inferring of universal laws from particular observed instances as a method by which we are guided to the
point whence we can intuit or perceive the essence or the true nature of a thing” (p. 16). Rather, he calls it an
“optimistic” epistemological “method of systematic doubt” that like Descartes’ method is intended as a way of
“destroying all false prejudices of the mind, in order to arrive at the unshakable basis of self-evident truth” (p.
19). Self-evident truth is essentially a religious doctrine that is based in divine authority. The knowledge that

is arrived at by induction then, is more properly understood as “the natural or the pure state of man, the state
of the innocent eye which can see the truth, while ignorance has its source the injury suffered by the innocent
eye in man's fall from grace; an injury that can be partially healed by a course of purification” (p. 20). See also
The Logic of Scientific Discovery (1959), for Popper's argument with Hume. In Popper’s final analysis he argues,
"My solution of the logical problem of induction was that we may have preferences for certain of the competing
conjectures; that is, for those which are highly informative and which so far have stood up to eliminative
criticism. These preferred conjectures are the result of selection, of the struggle for survival of the hypotheses
under the strain of criticism, which is artificially intensified selection pressure” (Quoted in, Schilpp, 1974, p.
1024). Induction does not result in empirical truth, but rather preferred conjecture.
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3.3

The challenge then, is to determine where this “insightful tentative explanation”
comes from that initiates the inquiry, and on what basis can it be verified. If the insight
induced from careful examination of verifiable observations does not necessarily
possess the qualities of a universal truth, from where then does it get its claim

to legitimacy?

Archer was determined to reconcile the apparent conflict between science and
designing, especially regarding the suspicion with which scientists regard “design
knowledge.” Building on this critical insight offered by Popper, Archer proposes
that if real science “proceeds by the postulating of informed conjectures, followed
by systematic attempts at the refutation of these conjectures” designing must be

a “science” because that “is exactly what designers do!” Thus, Archer observes, in
the end, if what Popper says is true then, “"Design activity was [already] scientifically
respectable” (p. 567). Problem solved. But not really.

All problem-solving starts off with the realization that “it could be otherwise.””” This
insight applies to the most mundane situations such as realizing that I am hungry,
hungeris unpleasant, if I eat something I can alleviate this unpleasant feeling; To the
realization that the unrestrained use of fossil fuels is causing significant damage to the
environment, and considering the possibility that there may be alternative means to
generate energy that are less destructive to the environment while still having access to
enough energy so that we can continue to use the technologies we currently enjoy.;To
starting a revolution. This phenomenon can be described as five states of being (based
on Prochaska & Velicer, 1997):
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For Sartre the knowledge that it could be otherwise is fundamental to human freedom and agency.
(Sartre, 1946)
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(1.) A normative state where things are more or less acceptable; (2.) A feeling of
discomfort that causes one to assess the current state; (3.) The awareness that it could
be otherwise/the discomfort experienced by the realization that the current state is not
necessary; (4.) Exploration of possible alternative states; (5.) A change in the current
state that achieves (within an acceptable range) the desired outcome (goal state).

How one decides what action to take, within a range of possible actions to achieve the
desired state is the problem of problem solving.*

Simon (1996) writes “Human problem solving, from the most blundering to the most
insightful, involves nothing more than varying mixtures of trial and error and selectivity”
(p. 195).%* Selectivity arises with the emergence of “rules of thumb” (heuristics) that
suggest how to approach a (kind of /type of) problem or offers short-cuts through familiar
territory. The effective application of these rule-of-thumb comes from experience when
using them in a particular situation tested against a trusted verification system. If it leads
toward a promising solution or “solution path,” then it's useful. If it doesn't, then it's not.
This process is usually learned through experience (situated learning). One recognizes a
familiar situation, remembers what worked, and tries it again.

Possible solutions are judged within a range of acceptability based on (implicit or
explicit) criteria and constraints. The attempt to maximize the expected value of the
utility function (demonstrable) of the solution is called optimization (Simon, 1988).%
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The classic problem-solving process proposed by Polya in How to Solve It (1945) is: understand the problem
- devise a plan - carry it out - review/extend. Here I am describing a situation in which a person recognizes a
need, desire or possibility for change which precedes problem solving. Polya’s process is a meta-heuristic for
how to solve a problem. His process will be described in detail below

The work of Simon, Newell, Shaw and Chase has been very influential in the area of problem solving (cognitive)
theory. There are other theories of problem solving. However, as the purpose of presenting these theories is

to form a basis for understanding the underlying concepts that support DR, I have decided to focus on their
work. These are the most often quoted/referred to by Cross, Lawson, Dorst, Schén, Alexander, Cross, Hillier, etc.
(Roozenburg & Dorst, 1999).

Optimization describes the desired goal state of the problem solver. It is the process by which an optimal
solution is sought. This involves establishing a large search area within which all possible solution paths are
exhausted from which the best possible solution is determined. In problem solving theory there is only one
optimal solution. Optimization requires some means of producing a (objectively) measurable outcome. You may
notice that optimization is described in terms of “utility factor” not in terms of experience. As the problem-
solver as information processing system model is intended as a general theory equally applicable to humans and
machines, and machines do not have bodies, and you need a body to experience feelings, and the quality of the
experience is determined by feelings, it is impossible for the problem-solver as information processing system
model to assess the quality of an experience.

Search domain defines the boundaries of the search.
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The optimal solution (from a functional point of view) is not always the most
desirable (satisfactory) solution. Sometimes a solution may be chosen that is simply
good enough (sufficient). When a solution is considered to be both satisfactory and
sufficient, it is considered to be satisficing.

Much of the early research in problem solving came from chess playing, especially from
studies by de Groot. (1978) With more than 200 years of study and experimentation,
chess is a favorite because it is sufficiently complex, there is a set of rules (operations)
that must be mastered, it requires strategy, and there is a definable goal (objective)
that signals the end of the game (Simon & Chase, 1972).*

Research about chess, in terms of problem solving, involves both (1.) understanding
how expert chess players make decisions/solve problems/think (Simon H., 1977), and
(2.) how to design a machine (computer program) that can "do mechanically what man
can do naturally” (Newell, Shaw, & Simon, 1958, p. 320). This early research focused
on extracting the processes, procedures, sequences and methods that humans use
when attempting to solve complex problems and translating them into a computer
program to test their theory in order to both mechanize and demystify problem solving.
Testing a problem solving theory by mechanizing it or by writing a computer program
was considered the way to verify and validate the theory.

De Groot's study, Thought and Choice in Chess (1978), provides an analysis of the way
people with different degrees of expertise (in chess) approach the same problem. One
of his studies involved showing images of chess boards (with the pieces prearranged in
mid-play), and asking 5 grand masters and 5 candidate masters (both playing at expert
level) to think aloud as they tried to find the best next move. Surprisingly, he found that
there were no significant differences (statistically) between the grand masters’ and the
candidates’ thought processes (heuristics, depth of search, etc.). However, he did find
that the grand masters were better at finding “the ‘right’ moves for further consideration,
whereas weaker players spent considerable time analyzing the consequences of bad
moves"” (Chase & Simon, 1973, p. 396). He also found that the grand masters were
better able to recall the location of pieces when they were not arranged randomly. The
candidate masters, lacking the extensive experience (situated knowledge) possessed
by the grand masters were less able to recall the proper location of the pieces.
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Interestingly enough, it is exactly these characteristics of chess that makes it poorly suited for understanding
design. But, I don't want to get ahead of myself.
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Chase and Simon suggest that this has to do with “immediate perceptual processing”
which allows the master to see "structure” or patterns® rather than individual

pieces or chunks of information.*> So while statistically speaking there appeared

to be no difference in performance between the grand master and the candidate,
there was a difference in how the grand master perceived, evaluated and processed
the situation. Thus it was surmised that “thinking depends on acquiring the ability

to recognize relationships, patterns and complete situation” (Lawson B., 2005, p.
133). These experiments led to insights into how problem-solving systems work, in
terms of identifying a problem, memory, defining a search area, recognizing patterns,
identifying/prioritizing criteria for evaluation/selection of the next move, anticipating
the consequences, making choices, evaluating the effectiveness of the solution, and
projecting a possible future. As well as the understanding that expert problem-solvers
when faced with a new problem tend to try to make sense of a situation first (solution
driven), while novices tend to try analyze the problem (research driven).

With a growing base of research describing how experts solve problems, Newell, et
al.(1958) sought to propose their own theory for how human problem-solving works.
They identified four criteria for such a theory. It should: (1.) Predict the performance
of a problem-solver by explaining what processes are used and what mechanisms
perform these processes; (2.) Predict incidental phenomena; (3.) Show how attendant
conditions alter problem-solving behavior; (4.) Explain how problem-solving skills are
learned (acquired).
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Later on this ability to recognize (non-random) patters or perceive order will be discussed in terms of the natural
tendency of humans to seek/impose order, perceive a Gestalt, experience a sense of coherence.

Chunking is a cognitive strategy that allows short term memory to increase the amount of information it can
store. Short term memory is said to be limited to approximately seven bits (units) of information. Chunking
information into bits allows one to exceed the constraints imposed by this physiological limitation. One can
further extend the limits of short term memory by arranging the chunks in to schemata. (Miller, 1956)

This has become a generally accepted principle in design theory, See McCormick (1997), Lawson & Dorst
(2009); Beilock (2010), Cross (2011), Ericsson (2016). Lawson (2005) writes: “The scientists adopted a
technique of trying out a series of designs which used as many different blocks and combinations of blocks as
possible as quickly as possible. Thus they tried to maximize the information available to them about the allowed
combinations. If they could discover the rule governing which combinations of blocks were allowed they could

then search for an arrangement which would optimize the required colour around the layout [problem-focused].

By contrast, the a