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The Three Visions of Design
inthe Field of Cognitive Design Studies

The field in which we situate ourselves is that
of cognitive design studies. It is a field that not only
encompasses the cognitive ergonomics of design,
butalso goes beyond it. We have adopted the per-
spective of cognitive psychology in undertaking
our studies —even if we have enlarged this per-
spective with elements of a socio-cultural nature,
specifically in our analyses of design in collabora-
tive situations.

WILLEMIEN VISSER

Cognitive psychology focuses on “cognition”: it stud-
iesthe processes and structures concerningthe mannerin
which people think, reason,and actin avariety of different
ways, drawing from their experiences, representations,
an jge. In addition, studies in cognitive
psychology bring elements that respond to ques-
tions of training, the nature of expertise, and the
possible evolution from novice to expert in the
field of design.

Cognitive psychology analyzes these activi-
ties from different angles, in particular the men-

-
tal processes at work, the strategies adopted, and

Katarina Rimarcikova
-
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thetypesofknowledge used. Italsoexamines how
learning takes place and what differentiates the
experts fromthe novices.

Cognition is implemented in both work and
leisure activities, which require people, for ex-
ample, to:use language, understand others, use
objects, interpret situations, plan tasks, resolve

take advantage of situations that constitute “op-
portunities” from a cognitive point of view. Some
situations can, in effect, be interesting cognitively
when they allow us to benefit from information
obtained inan unexpected way (forexample, sug-
gestions from colleagues) or to use ideas devel-
oped foranother part or facet of the artifact.

Reuse in the activity of design. We have ex-

Whatis design?
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Problem solving Reflexive Activity

H.SIMON D.SCHON

problems, pass judgments, and take decisions.

amined how designers reuse solutions developed
for previous projects, realized by themselves or by
their colleagues. In fact, even in the most creative

Itis for numerous reasons that cognitive psychology
studies design, as all of the processes and activities cited
above are mobilized for this task. Experience, knowledge,

presentations play a central role in the activity of

Until very recently, there was a clear separa-
tion between studies on cognition and studies on
emotion; these two fundamental aspects of hu-
man functioning were considered quite distinct.
Today, thereisa growingamountofresearch that

orinnovative cases, design concepts are never de-
veloped from scratch. In these activities of reuse,
analogical reasoning is central:it is in adapting
solutions developed for other projects (similar or
analogous solutions) that designers advance on
their current projects.

As we show in the following passages, taken

.
.
.
.
.
.
.
.
.
.

«Design isinherently computational
-amatter of computing theimplica-
tions of initial assumptions and com-

Ak :

«In [their] reflective conversation
[with design situations], the [design
practitioners'|effort tosolve [their]...

adopts an approach integrating these twofacets. ~ fromourbook The Cognitive Artifacts of Designing, binations ofthem» prob/emyie/ds newdiscoveries which
Thisisalsothecaseinstudiesondesign,aswewill  designisanalyzedin cognitive design studies from ca/lfornewreﬂection-in-action»
see intwotexts within thisissue. threeangles, which will be dealt with successively
inthisissue: N
SIMON 1968 SCHON1983

Cogpnitive psychologyis heavily centeredinthe
laboratory, where it examines cognition through
experimental studies. It is equally in such well-
controlled situations that the activity of design
has been studied. There is, however, increasing
research on design that has been undertaken in
“natural” situations, in working conditions such
as design offices and agencies. In these studies,
researchers generally make observations (often
qualified as “ethnographic”), taking notes, sal-
vaging discarded materials, and/or making video
recordings of the activity of designers at work (in
orderto refertothemin consecutive analyses).

The following are two examples of studies
thatwe have conducted onindustrial design proj-
ects (software design and mechanical design):

Theplanningand organization of the activity of design.

We showed how designers plan (before its actual
implementation) and organize (in reality) their
activity, and how the actual organization of the
activity isdifferentfromthe plansthatthedesign-
ers had developed (more or less deliberately). We
have characterized thisactual organizationas “op-
portunistic”, for designers deviate fromtheir plans
and/or abandon them — often temporarily — to

a) Classically, it was analyzed as an activity of problem

g:the positionintroduced by Herbert Simon,
presented in the first passage.

b)Asa e:Donald Schon (pre-
sented inthe second passage) opposed the vision
that “design = problem solving”. As a representa-
tive ofthe approachtodesignthat has been quali-
fied as “situated”, heanalyzes design as a reflective
practice:the designeracts AND takes his actionsas
the object of reflection in his subsequent actions.

) As a construction of representations: thisis
the approach that we have proposed (third pas-
sage). These representations may take different
forms, and consist not only of external represen-
tations, such asdrawings or maquettes, butalso of
mental representations—in otherwords, interpre-
tations and other (more or less precise) ideas.

Thefirst three articles of this journal will review these

three visions of the activity of design.

TRANSLATION FROM FRENCH
Rebecca Cavanaugh

Imaginationand...

..representation

W.VISSER

«Design consists in specifying an artifact.... This speci-

fication activity consists of constructing ... representa-
tions of the artifact until [these representations] are so
precise, concrete and detailed that [the artifact can be
implemented|»

VISSER 2006
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Simon: Designasa
Problem-Solving Activity

Abstract

In this paper, we present Simon’s approach

todesign, as we have described it in The Cognitive

Artifacts of Designing (2006): Simon considers the

sciences of design as sciences in their own right.

He sees them as distinct from natural science,
which is traditionally considered as “the” “sci-
ence”. “Artificial” indeed referstohuman-madeas

WILLEMIEN VISSER opposed to natural. For Simon, our modern world
is much more an artificial, thatis,a human-made,
than a natural world. Together with various col-
leagues, Newelland Simon also used the approach
toexplore broaderdomainsthantheoneanalyzed
in their famous Human Problem Solving (1972).
They used it fortheir research into concept forma-
tion, verbal learning, and perception, but also ad-
ministrative and organizational behavior, creativ-
ity and scientific discovery, and even music and
emotion. It was Simon who applied to design the
paradigm developed with Newell. In his analyses,
he identified and elaborated various characteris-
tics of this specific problem solving activity that
have formed the basis of the approach adopted
toward design by many researchers in cognitive
psychology and ergonomics conducting research
ondesign sincethe early198os.

-
Karin Schneider
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Thisfirst chapter presents Simon’s
approachtodesign.

Simon’s Framework for Design:
The Sciences of the Artificial’

Simon’s bibliography comprises nearly 1,000
titles, among which are some 700 papers pub-
lished in journals in domains ranging from public
management to the axiomatization of physical
theories (Bibliography of Herbert A. Simon). He
published only some 10 papers directly concerned
with design (Cagan, Kotovsky & Simon, 2001; Kim,
Javier-Lerch & Simon, 1995; Simon, 1969/1996,
1971/1975,1973/1984,1977b,1980,1987/1995,1997).
The number amounts to some 20 if one also in-
cludes publications dealing mostly with organiza-
tional design, but that do not handle with cogni-
tive aspects.

The Sciences of the Artificial (Simon,1969/1996)
is,however,one of Simon’s seminal worksand one
of the definitely fundamental references exploit-
edin cognitive analyses of design. T f

design” are the core of these “sciences of the artificial” (or

“artificial sciences”, e.g., engineering, computer science,

medicine, business, architecture, painting, the human

=s). Even if only two chapters of the book
are dedicated specifically to the nature of design,
thisisthe centralissue of the entire book. Together
with the paper on “The Structure of lll-Structured
Problems” (1973/1984), these are Simon’s central
publicationsin his work on design. [...]

One may notice that “sciences of the artifi-
cial” may be a more appropriate appellation than
“artificial sciences”, which may also refer to the
domains of artificial intelligence and artificial life
[..].

The Sciences of the Artificial went into three,
each time revised, editions. Its first, the 1969 edi-
tion, [...] introduced the chapter “The Science of
Design: Creatingthe Artificial”...[ The1981version]
introduced a second chapter specifically ondesign,
namely “Social Planning: Designing the Evolving
Artifact”. Taken together, the conclusions of the
two design chapters constitute the main lines of
acurriculum for design education formulated by

Simon.In1996,thethird edition introduced a new
chapteron complexity, “Alternative Views of Com-
plexity”. [...] In his analysis of Simon’s work, Car-
roll (2006) [...] notices an evolution in the nature
of the new chapters. The addition of the chapter
“Social Planning: Designing the Evolving Artifact”
translates for him Simon considering design as a
social activity in several different senses (p.s).Inthe
presentchapter,the page numbers for quotations
from The Sciences of the Artificial come from the
third printing of the third edition of the book (Si-
mon,1969/1996).

Fromthefirstedition on, Simon considers the sciences

ofdesignassciencesintheirownright. He seesthemas dis-

tinctfrom natural science, whichistraditionally considered

7

a ".Yet, in a lecture given in 1987
(not included in The Sciences of the Artificial), Si-
mon proposes to “compromise” on a perhaps less
“pretentious” qualification, as he callsit, speaking
of the art and science of design (Simon,1987/199s,
p.245). As Simon writes in the chapter titled “The
Science of Design: Creating the Artificial” (inwhich
engineering design is the reference), historically
and traditionally, it has been the task of the sci-
encedisciplines toteach about natural things: How
they are and how they work. It has been the task
of engineering schools to teach about artificial
things: How to make artifacts that have desired
properties and how to design (Simon, 1969/1996,
p.111). Natural science is concerned with the nec-
essary, with how things are, whereas design is
concerned with the contingent, with how things
might be (Simon,1969/1996, p. xii)—or ought to be.

Designers are concerned with how things
oughttobe]..]inordertoattain goalsandtofunc-
tion (Simon, 1969/1996, pp. 4-5). Simon’s thesis is
indeed that certain phenomena are “artificial” in
a very specific sense: They are as they are only be-
cause of a system’s being molded, by goals or pur-
poses, to the environment in which it lives (Simon,
1969/1996, p. xi). That is why symbol systems (or
“information processing systems”) are almost
the quintessential artifacts[:] Adaptivity to an
environment is their whole raison d’étre (Simon,

1969/1996, p. 22). “Artificial” indeed refers to human-

made as opposed to natural. For Simon, our modern

world is much more an artificial, that is,a human-made,

thananaturalworld,

' This paperis entirely composed by quotes from our book The Cognitive Artifacts of Designing (2006), Hillsdale, NJ, USA, Lawrence Erlbaum

Associates.

Simon’s Elaboration of an SIP Design
Theory®

Two steps can be distinguished in Simon’s
elaboration of a cognitive design theory. The first
onewas takentogether with Newell, towhom Sci-
ences of the Artificial is being dedicated “in mem-
ory of a friendship”. Jointly, the two researchers
extended whathas since been called the principles
underlyingthe “symbolicinformation processing”
approach to problem solving (Newell & Simon,
1972) — or abridged the “symbolic processing”
(Greeno & Moore, 1993, pp.57-58), “symbolic” (Vera
& Simon, 1993, p.10), or “information-processing”
approach (Simon, 1978, p. 272), here abridged as
the SIP approach. It is also frequently referred to
—often by authors adopting a different approach
—asthe “rational problem-solving” (Dorst, 1997),
“traditional”, or “computational” view.

The SIP approach has been one of the main
starting points of the “cognitivistic” perspective
in cognitive science. Inthe early years of cognitive
psychology, many authors embraced this para-
digm as the fundamental schema for their inves-
tigation of cognitive activities. For some 20 years,
ithas beenthetheoretical reference forthe cogni-
tive analysis, not only of problem solving (Miller,
Galanter & Pribram, 1960; Reitman, 1965), but
also of other types of activities: Concept learning
(Bruner, Goodnow & Austin, 1956), and verbal un-
derstanding and memory (Anderson, 1976, 1983;
Le Ny, 1979,1989a,1989b). Together with various

colleagues, Newell and Simon also used the approach to
explore broader domains than the one analyzed in their
famous Human Problem Solving (1972). They used it for
theirresearch intoconceptformation, verballearning, and
perception, butalsoadministrative and organizational be-
havior, creativity and scientific discovery, and even music
n (for references, see Newell & Simon, 1972, p.
791, Note1).

It was Simon alone — namely without New-
ell-=who, subsequently, applied this paradigm to
design (Simon, 1969/1996, 1971/1975,1973/1984,
1987/1995). In these analyses of design, Simon
identified and elaborated various characteris-
tics of this specific problem solving activity that
have formed, for some 10 to 15 years, the basis of
the approach adopted toward design by many, if
not most, researchersin cognitive psychology and
cognitive ergonomics who have been conducting
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research ondesign since the early 1980s.
With one exception (Okada & Simon, 1997),

as far as we’ know, Simon was only concerned with indi-

vidually conducted problem solving. This does
notmeanthathewasaresearcherwhoespecially
underestimated the importance of collective
problem solving. In the 1960s and 1970s, few psy-
chologistsdealtwith collectively conducted activi-
ties, analyzed from a cognitive viewpoint —there
was, of course, research in social psychology, but
these studies did not deal with cognitive aspects
of problem solving.

Notice that the general reference for prob-
lem solving, the SIP model, was presented in 1972
(Newell & Simon, 1972), whereas the first edition
of Sciences of the Artificial had already been pub-
lishedin1969.

Simon’s Analytical Approach to Design

Contrary to Simon'’s elaboration of a general
theory of problem solving, which was based on
experimental research, his work on design was
analytical. With one or two exceptions (Kim et
al, 1995), Simon indeed has not been involved in
any empirical studies on design. This observation
holds for “design”in astrict sense—such as Simon
gave to the term. From the end of the 1950s on,
Simon realized, in collaboration with various col-
leagues, a considerable body of research on sci-
entific discovery, leading to two books (Langley,
Simon, Bradshaw & Zytkow, 1987; Simon, 1977a)
and morethan 4o papers (Caganetal., 2001; Klahr
& Simon, 20071; Kulkarni & Simon, 1988; Okada &
Simon, 1997; Qin & Simon, 1990; Simon, 19773,
1992a,1992b, 2001). Even if in our view, scientific
discoveryis based onthe same cognitive activities
and operations (and, of course, cognitive process-
es)asimplementedindesign, Simon nearly estab-
lishes no link with design (see, however, Cagan et
al,2001][..]).

Reception of Simon’s Design
Framework

In 1964, Reitman adopted a representation
for problem solving that could be formalized us-
ing the IPL-V information-processing language
elaborated by Newell, Shaw, Simon, and other
colleagues in the 1960s”. Reitman applied this
problem solving schematothe solving of what he

2 “SIP” is the abbreviation for “symbolic information processing”, the approach adopted by Simon (1969/1996) for analyzing design.
This approach was originally developed by Newell and Simon (1972) for problem resolution.

3 Theuseof “we” and “our” throughout these passages refers to Willemien Visser, the author of Cognitive Artifacts of Designing.

4 IPL(information-processing language) was the first list-processing computer language.
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qualified as “ill-defined” problems [...]".

The architect Eastman (1969) was one of the
first researchers to adopt the SIP framework for
theanalysisofdesign.Hedid soinwhatwas atthe
time a particularly original study inthe domain of
empirical design research.

He analyzed a protocol collected in a labora-
torystudyconcerninganarchitectural problem.Evenifthe
problem was rather simple, his protocol study constitutes
areference in the domains of empirical studies of design,
ontheonehand,andofill-defined problems, onthe other.

There are also many authors who globally
adopt Simon’s framework, but propose more or
less profound complements or modifications
(Akin, 19863, 1986b; Baykan, 1996; Goel, 1994;
Goel & Pirolli, 1992; Hamel, 1995; Lebahar, 1983).
Simon’s ideas continue to be a dominant force
within thefield,as noted by Roozenburg and Dorst
(1999), who illustrate their claim by an analysis
of the papers presented at the two first Design
Thinking Research Symposia (DTRS) organized in
Delftin1992and 1994 (Cross, Christiaans & Dorst,
1996; Cross, Dorst & Roozenburg, 1992). They ob-
serve that Simon was referred to more than anyone
else: 31direct references and goodness knows how
many indirect ones in 32 papers (p. 34, Note 3).

Anexplanatory hypothesis, which we have de-
tailed in an analysis of 15 empirical design studies
(Visser,1994),isthatthe adoption by cognitive de-
sign researchers of rather strict SIP positions may
be duetotheirdata collection having been carried
outinalaboratoryorotherwise restricted context.
Anexampleis Goel (1995, p.114) who observes and
describes a quite orderly organization of the de-
sign process in different, consecutive stages. It
should be noticed, however, that he has developed
aninnovative view with respect toa fundamental
issue in cognitive modeling, that is, the status of
representations. He did so around the notion of
“sketch”[...].

From the end of the 1970s on, authors from
various disciplines — psychology, sociology, eth-
nology, and anthropology — have been propos-
ing other paradigms to the cognitive study of
design (Bucciarelli, 1984, 1988; Rittel, 1972/1984,
1973/1984; Schon, 1983,1988,1992).

5 Adoptingaslightly different position than that of Simon, we considera “problem” to be “ill-defined” (“ill-structured” for Simon,1973/1984)
whenthe three components that one classically distinguishes in a problem--its initial state, its final state and the operators for moving
from one to the other--are not defined in an explicit and exhaustive manner. For a design “problem”, this means that, habitually, the
specifications of the design project - its final state — specify the artifact at quite an abstract level, by its function and/or by certain con-
straints, while the initial state and the operators are almost always under-specified.
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"The 20th century was strongly affected by visual
design approaches. So what might be next?

Did we allready stretch the visual boundaries to
the limit? Why didn"t we pay as much attention
to other sensations? Are we not meant to judge
our surroundings with the help of all our senses?
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At which level do we already do that unconscious-
ly? Fashion is all about communication... why do
we think so much more about our look then the
personal sound message we are creating while
wearingour cloth?

COLLECTION - #2 « FALL 2010

Who questions the sound of an outfit? If it suits us
inour currentsituationorifwelikeitatall?

What separates sound from all the other sensa-
tions? Formeitisit’sdynamic.. soundisallwaysin
motion, cessation means silence, sound is an ever
dynamicsensation in speed space and time."
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Schon: Design as Reflective Practice

WILLEMIEN VISSER

Abstract

21

Inthis paper, we present Schon’s approach to

design, as we havedescribed itin The Cognitive Ar-

tifacts of Designing (2006): Schon is (if one excepts

the design theorist Rittel) the first author after Si-

montointroduce a new approachto cognitive de-

sign theory. Schon formulated his view on design
in terms of “reflective activity” and related no-
tions, especially “reflective practice”, “reflection-
in-action”, and “knowing-in-action”; we interpret
the underlying activities as forms of what situ-
ativity authors have qualified as “situated action”
and “situated cognition”.In “reflection-in-action”,
doing and thinking are complementary. Doing
extends thinking in the tests, moves, and probes
of experimental action, and reflection feeds on
doing and its results. Each feeds the other, and
each sets boundaries for the other (Schon, 1983,
p.280). Reflection-in-action is the reflective form
of knowing-in-action: It is Schon’s assumption
that competent practitioners usually know more
than they can say:this illu-strates the classical,
generally applicable difference between “know-
ing how” and “knowing that”. For Schon, design
wasoneofaseriesofactivitiesindomainsthatin-
volve reflective practice: City planning, engineer-
ing, management, and law, but also education,
psychotherapy, and medicine. And, as he says it,
the designer constructs the design world within
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which he/she setsthe dimensionsof his/her prob-
lemspace,andinventsthe moves by which he/she
attempts to find solutions.

WILLEMIEN VISSER

This second chapter presents Schon’s approach
todesign'.

Education, M. K. Smith (2001) writes that, even if
Schon was trained as a philosopher, [...] it was his
concern with the development of reflective prac-
tice and learning systems within organizations
and communities for which he is remembered. In
design circles, one generally refersto Schon as the
authorwho, through his proposal of the reflective-
practice concept, offered an alternative to the SIP
approach defended by Simon in Sciences of the Ar-
tificial (Simon,1969/1996).
Schoén’sresearchandthoughtsondesignthus
originate from an educational perspective. Schon

petent practitioners usually know more than they can say.

They exhibit a kind of knowing in practice, most of
which is tacit. [...] Indeed, practitioners themselves
often reveal a capacity for reflection on their intui-
tive knowing in the midst of action and sometimes
usethis capacity to cope with the unique, uncertain,
and conflicted situations of practice (1983, pp. 8-9).

Inorderto showthe nature of knowing-in-ac-
tion, Schon (1987a) uses the example of what hap-
pens ifyou areriding a bicycle, and you begin to fall
tothe left.People who knowriding a bicycle will do

the right thing when in situ, but will often give the wrong

COLLECTION - #2 + FALL 2010

played inthe communicative contextthathe used
to collect his observations, that is, educational
situations. Focusing on the education of reflec-
tive practitionersinthe domain of design, Schon’s
studies examined design students learning with
experienced designers (Schon,1992; Schon & Wig-
gins,1992). These studies have been conducted in
reflective practicums such as the design studio in
architecture (Schon,1987a).

Adopting ethnographically-inspired or work-
place-oriented perspectives (Nilsson, 2005) in his

23

was an educator. He was Ford Professor Emeritus
Except for Rittel, Schon is, as far as we know,  on Urban Studies and Education, and Senior Lec-
the first author after Simon to introduce a new approach  turer in the Departments of Urban Studies and

answer when asked certain questions, in a classroom or  analysis of particulareducational design projects,
anywhere else, outside of a bike-riding situation.: Schon (1983) discusses specific situations in detail,
Anexampleofsuchaquestionoutofcontext,  inordertoreveal the central role of reflection-in-

to cognitive design theory. Another author of early SIT-in-

spired” research is Bucciarelli, who has focused, in
particular, on collaborative design analyzed from
asocial perspective.

Schon formulated his view on design in terms of “re-

flective activity” and related notions, especially “reflective

gt

practice”, “reflection-in-action”,and “knowing-in-action”.

We interpret the underlying activities as forms of
what situativity authors have qualified as “situ-
ated action” and “situated cognition”.

“Reflective activity” may be defined as the ac-
tivity by which [people] take work itself as an object
of reflection (Falzon et al., 1997, quoted in Mollo &
Falzon, 2004, p. 532). Schén (1983) writes:

When a practitioner reflectsin and on his prac-
tice, the possible objects of his reflection are as var-
ied as the kinds of phenomena before him and the
systems of knowing-in-practice which he brings to
them. He may reflect on the tacit norms and ap-
preciations which underlie a judgement, or on the
strategies and theories implicit in a pattern of be-
haviour. He may reflect on the feeling for a situa-
tion which has led him to adopt a particular course
of action, on the way in which he has framed the
problem he is trying to solve, or on the role he has
constructed for himself within a larger institutional
context (1983, p. 62).

In “reflection-in-action”, doing and thinking

are complementary. Doing extends thinking in the tests,

moves, and probes of experimental action, and reflection

feeds ondoing and its results. Each feeds the other,and each

sets boundaries for the other (Schon,1983, p. 280).

In a presentation of “Donald Alan Schon
(1930-1997)” in The Encyclopedia of Informal

Planning, and Architecture, at the Massachusetts
Institute of Technology, from the early 1970s un-
til his death in 1997 (Pakman, 2000, p.5). Schén’s
enterprise is concerned with the wayin which pro-
fessionals think in action as reflective practitioners
(Schon,1983), and with “educating” this reflective
practitioner (Schon,1987a,1987b).

Relative to the contrast between the “reflec-
tion-in-action” that underlies reflective practice,
and “school knowledge” (1987a), Schén does not
see himselfas saying anything really new at all. He
is drawing on a tradition of reform and criticism
which begins with Rousseau and goes on to Pestilot-
syand Tolstoy and Dewey and then, as we approach
more contemporary times, Alfred Schultz and Lev
Vygotsky and Kurt Lewin, Piaget, Wittgenstein and
David Hawkins today (1987a). It is Dewey who in-
troduced the concept of reflective conversation
with the situation that is the locus of reflection-
in-action (see the title of Schon’s famous paper
“Designing as reflective conversation with the
materials of a design situation”,1992).

According to Schén (1987a), reflection-in-
action is the kind of artistry that good teachers in
their everyday work often display, whereas school
knowledge referstoa “molecular” idea of knowl-
edge, to the view that what we know is a product,
and that the more general and the more theoreti-
calthe knowledge, the higher itis. Fromthe school-
knowledge perspective, it is the business of kids to
getit, and of the teachers to see that they get it.

might be: If you are riding a bicycle, and you begin
to fall to the left, then in order not to fall you must
turnyourwheeltothe 2. Thiscontrast between
[doing] the right thing when in situ and being un-
able to answer correctly when not, requires an
explanation.

This capacitytodotherightthing..]exhibiting
the more that we know in what we do by the way
in which we do it, is what we mean by knowing-
in-action. And this capacity to respond to surprise
throughimprovisation onthe spot is what we mean
by reflection-in-action. When a teacherturns her at-
tention to giving kids reason to listening what they
say, then teaching itself becomes a form of reflec-
tion-in action, and we think this formulation helps
todescribe what it is that constitutes teaching.

Even if not taken from a professional situation, this

exampleillustrates the classical, generally applicable dif-

ference between “knowing how” and "knowingthat” (Ryle,

1949/1973, pp. 28-40 and passim).

For Schon, design was one of a series of activities in

domainsthatinvolve reflective practice: City planning, en-

Reflection-in-action is the reflective form of know-

ing-in-action. It is Schon’s assumption at the start of his

famous 1983 book, The Reflective Practitioner, that com-

' Thispaperisentirelycomposed by quotes from our book The Cognitive Artifacts of Designing (2006), Hillsdale, NJ, USA, Lawrence Erlbaum

Associates.

2 “SIT”is the abbreviation of “situativity”, an approach to action, which is not only cognitive (Greeno & Moore, 1993) and which Schoén

adopted in his analysis of design in terms of “reflective practice”.

gineering, management, and law, butalso educa-
tion, psychotherapy, and medicine. Architectural
design was the first professional domain studied
by Schon in order to develop his epistemology of
professional practice based on the concepts of
reflection-in-action and knowledge-in-action.
In his 1983 book, Schon has collected a sample of
vignettes of practice, concentrating on episodes in
which a senior practitioner tries to help a junior one
learn to do something. [...] The heart of this study is
ananalysis of the distinctive structure of reflection-
in-action (pp. 8-9). Indeed, the characteristics of
design that Schon presented as general were dis-

action in professionals’ practice. In their reflective con-

versations with design situations, designers “frame” and

“reframe” problems. In such conversations, the
practitioner’s effort to solve the reframed problem
yields new discoveries which call for new reflection-
in-action. The process spirals through stages of ap-
preciation, action, and reappreciation. The unique
and uncertain situation comes to be understood
through the attempt to change it (Schon, 1983).
Furthermore, the practitioners’ moves also produce
unintended changes which give the situation new
meanings. The situation talks back, the practitio-
ner listens, and as he appreciates what he hears, he
reframes the situation once again (Schon, 1983, p.
131-132).

Inone of his first papers handling specifically
with design (1988), Schon announces that, in this
paper, [he] will treat designing not primarily as a
form of “problem solving”, “information process-
ing”, or “search” (p.182).

Problem solving is generally considered as
handling problems as “given”, whereas the pro-
cess of “problem setting” is neglected. Starting
with problems as “given”, matters of choice or de-
cision are solved through the selection, from avail-
able means, of the one best suited to established
ends. But with this emphasis on problem solving,
we ignore problem setting, the process by which
we define the decision to be made, the ends to be
achieved, and the means that may be chosen. In
real-world practice, problems do not present them-
selves to the practitioner as givens. They must be
constructed from the materials of problematic situ-
ations which are puzzling, troubling, and uncertain
(1983, pp. 39-40). Problem setting is a process in
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which, interactively, we name the things to which
we will attend and frame the context in which we
will attend tothem (Schén, 1983, p.40,theempha-
sisisours).

Naming, framing, moving, and evaluating
are central in Schon’s view of design. As we see
later, one of the advances of current SIT-inspired
research is the operationalization of these and
othernotionsthatare centralinreflective practice.

their moves than they have expected or described
ahead of time (Schon, 1992, p. 7). As pointed out
long ago by the urban designer Christopher Alex-
ander, whois also quoted by Schon, our ability to
recognize qualities of a spatial configuration does
not depend on our being able to give a symbolic
description of the rules on the basis of which we
recognize them (Schén, 1992, p.137). Analogously,
and as noticed by Christopher Alexander as well,

even if designers are able to make, tacitly, “qualitative

For Schon, his observations and his approach tothese

judgments”, they are not necessarily able to state, that

observations should be contrasted with the familiar im-

is, to make explicit, the criteria on which they base them

age of designing as “search within a problem space”. |...]

The designer constructs the design world within which he/

she sets the dimensions of his/her problem space, and in-

vents the moves by which he/she attempts to find solutions
(Schén, 1992, p.1).

An example of problem setting in architec-
tural design is the following. Problem setting oc-
curswhen architects see the project on which they
workina new way:forexample, they see a T-form
figure astwo L-form figures back to back.

Another design characteristic, introduced
through an example from architectural design,
is the “seeing-moving-seeing” sequence, which
is applied iteratively on “design snippets” (Schon
& Wiggins, 1992). It consists of action sequences
suchasobservingadrawing, transformingit,and,
observing the result, discover certain unintended
consequences of the transformation move (p.139).
Architects may indeed have a certain intention
in transforming a drawing, but they are gener-
ally unaware of all possible consequences of their
actions. Their intention is liable to evolve in their
conversation with the drawing. Referring to Si-
mon, Schon notices that it is because of our lim-
ited awareness and our limited ability to manage
complexity that designing has this conversational
structure of seeing-moving-seeing (Schon & Wig-
gins, 1992, p.143). Schoén and Wiggins refer several
times to Sciences of the Artificial, in which Simon
introduced hisidea of human limited information-
processing capacity into the theory of designing.
They emphasize, for example, that people, there-
fore, cannot, in advance of making a particular
move, consider all the consequences and qualities
[they] may eventually consider relevant to its evalu-
ation (Schén & Wiggins, 1992, p.143).

Schon thus notices the remarkable ability of
humans to recognize more in the consequences of

(Schén, 1992, p.138).

This observation once again refers to the
knowing-in-action as distinguished from reflec-
tion-in-action.
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"Fashionforspace aventure”

Humans have not been to the Moon since the
Apollo missions of the 1970s; preoccupied with
building and maintaining the International Space
Station, astronauts nevervoyaged furtherintothe
solar system. Now, NASA is attempting to change
that by building new rockets and training new as-
tronauts. Their goal: human space flight to Mars.
But with this new objective comes a host of new
unknowns.AsIdelved furtherintotheimplications
of human travel to Mars, | was most intrigued by

the effects and damage that zero gravity and long
term isolation will have on the body. A successful
research excursion to Mars would last around 36
months; no astronaut has lived in space even for
a whole year. With such a sustained lack of grav-
ity will most likely come a severe decrease in bone
density. The spine will lengthen and bow, muscles
willweaken,andthe skeleton-nolongernecessary
- will become too weak for life on Earth. Keeping
this in mind, | designed the collection for a new
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type of body, one that has survived a 36 month
round trip to Mars, but just barely, a body with a
new silhouette that needs exoskeletal support. In
order to simulate this silhouette, | fabricated a fi-
ber glass cast of my own body drastically hunched
over,draped a simple bodice on the cast and then
applieditto astandardfashion dressform.Mixing
the new bodice with elements from medical cor-
sets and back braces, | created new garments for
afuturereality.
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Visser: Design as Construction
of Representations

Abstract

Inthis chapter, we present ourown approach

todesign,aswe have describeditin The Cognitive

Artifacts of Designing: from a cognitive viewpoint,

designingis constructing representations.

What is this link between design and repre-
sentations? Designing consists in specifying an
artifact, for example a machine tool - not in its

WILLEMIEN VISSER implementation, its fabrication in the workshop.
Theresultof designis a representation: the speci-
fications of the machine tool. These representa-
tions are also artifacts, that is, entities created by
people—theyare "man-made as opposed to natu-
ral" (Simon,1969/1996). Artifacts may be physical
(machine tools, buildings, cars, or garments) or
symbolic (software, social welfare policies, route
plans, or any procedure); they may be internal
(mental representations) or external (drawings,
mock-ups). The term thus pertains not only to
material objects. The antonym of an "artifact"is a
"natural’=notan"immaterial" entity.

After a presentation of our definition of de-
sign, thischapter presentsthreetypes of activities
designers perform on representations, namely
generation, transformation, and evaluation. In
special subsections, we review the use of knowl-
edge in design, and how collaborative design

Katarina Rimarcikova
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proceeds through interaction. In the last two divi-
sions of this section, we discuss activities that are
specificto collaborative design.

WILLEMIEN VISSER

Inthis chapter, we present our own approach
todesign, as we have described it in The Cognitive
Artifacts of Designing (Visser, 2006)".

Definition of Design
Definitions are representations: Theyfocus on aspects
oftheobjecttheyaimtocover—eveniftheirauthorsimag-
ine that theirfocusis the object’s essence. In our following
review of definitions, we restrict ourselves to cog-
nitive aspects of design.

Even considered from such a perspective, the
characteristics of design that are selected as es-
sential may still differ. Our focus on the activity of
design further orients our view. Definitions may
thus focus on characteristics whose relevance
we do not deny, but that do not inform us about
cognitive aspects of designing. An example is the

tive-psychology discussion of this approach).

Designers are not to produce the artifact
product, but its specifications. We consider es-
sential to distinguish between these specifica-
tions and the artifact product itself. A group of
definitions seems to neglect this difference. They
qualify design, for example, as the creation of ar-
tifacts that are used to achieve some goal (Mayall,
1979, in his Principles in Design, referred to in At-
wood, McCain & Williams, 2002).

Forauthors focusing onthe specifications, de-
sign consists of producing plans or descriptions, or
still other forms of representations of the artifact
product (Archer,1965/1984; Brown & Chandrasek-
aran,1989; De Vries,1994; Hoc,1988; Jeffries, Turn-
er, Polson, & Atwood, 1981; Kitchenham & Carn,
1990; Schén, 1988; Whitefield, 1989). Applied to
software design, for example, this means that
design leadstoa plan thatallows transformation
of these specifications into executable code (Jef-
fries et al., 1981; Kitchenham & Carn,1990). Many
empirical studies of “software design” focus, how-
ever, on elaboration of executable code —that is,
coding—ratherthan design.

Accordingto most definitions, the artifact product has
to meet certain requirements, that is, accomplish certain
functions, fulfill certain needs, satisfy certain constraints,

definition by Moranand Carroll (1996): The prima-

allow attaining certain objectives, and possess certain

ry goal of design is to give shape to an artifact—the product

characteristics. Designing is thus usually defined —even if

of design. The artifact is the result of a complex of activities

implicitly—as a goal-oriented activity —even if this goal is

Many definitions of design focus on the re-
sult of the activity, that is, the artifact product,
ignoring the nature of the activity. In their word-
ing, they may use references to actions, such as
“specifying”, “defining”, or “creating”, but not de-
tailanyactivity in developments of the definition.
Another characterization by Moran and Carroll
(1996, p.13) considers design as the process of cre-
ating tangible artifacts to meet intangible human
needs (p.2), towhich theauthors add, creating and
constructing are the defining acts of design. There
are authors, such as Stacey and Eckert (2003, p.
164), who view designing as “modeling”. Both are
positions closetoours, butthey present nofurther
specification of the cognitive aspects of the activ-
ity. Other authors, often from Al-related commu-
nities, considerdesign as a constraint-satisfaction
activity, but propose methods without any cogni-
tive underpinnings (see Darses, 1990, for a cogni-

not fixed, or preestablished.

After a presentation of our definition of design, this
chapter presents three types of activities designers per-
formon representations. We review the use of knowledge
indesign, and how collaborative design proceeds through
interaction. In the last two divisions, we discuss activities
thatare specificto collaborative design.

Our Definition of Design

Globally characterized, from our viewpoint, design
consistsin specifyingan artifact (the artifact product), giv-
enrequirementsthatindicate—generally neitherexplicitly,
nor completely—one or more functions to be fulfilled, and
needs and goalsto be satisfied by the artifact, under certain
conditions (expressed by constraints). At a cognitive level,
this specification activity consists of constructing (gener-
ating, transforming, and evaluating) representations of
the artifact until they are so precise, concrete, and detailed
that the resulting representations —the “specifications” —
specify explicitly and completely the implementation of

' Thispaperisentirelycomposed by quotes from our book The Cognitive Artifacts of Designing (2006), Hillsdale, NJ, USA, Lawrence Erlbaum

Associates.

the artifact product. This construction s iterative:
many intermediate representations are generat-
ed, transformed, and evaluated, priorto delivery of
the specifications that constitute the final design
representation of the artifact product together
with itsimplementation. The difference between
thefinalandtheintermediate artifacts (represen-
tations) is a question of degree of specification,
completeness, and abstraction (concretization
and precision). Asimilar view is expressed by Goel
(1995), who writes: Design, at some very abstract
level,isthe process of transformingone set of rep-
resentations (the design brief) into another set of
representations (the contract documents) (p.128).

Our focus on the activity and the intermedi-
ate representational structures should not lead
to forgetting the central role of both the require-
ments as source and the implementable speci-
fications as goal, that together steer both activ-
ity and representations. There are other activities
that construct representations (especially, the
interpretation of semiotic expressions), but due
to their having other types of inputs and outputs
thandesign, the underlyingactivities differas well
(cf.Hayes-Roth, Hayes-Roth, Rosenschein, & Cam-
marata, 1979, August’s distinction between gen-
erationand interpretation problems [...]).

In our core definition, we qualify design as
construction, rather than transformation of rep-
resentations, because “transformation” may
convey the connotation of the representations to
be transformed, being given [...]. “Construction”
is more general: [...] It involves both generation
andtransformation activities (and italso requires
evaluation).

Design Representation
Construction Activities
Many recent studies concern representational struc-
tures in design, especially external representations, but
the cognitive activities and operations involved in their
construction and use have not been the object of much
research. Publications mention activities such as “trans-
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operations, and related activities and operations
arediscussed below. In special subsections, were-
view the use of knowledge in design, and specific
aspects of collaborative design.

Problem Representation,
Solution Generation, and Solution
Evaluation:Three Stages in Design
as Problem Solving

From a problem solving perspective, design
has often been described as proceeding through
three stages, namely construction of problem
representations, solution generation, and solu-
tion evaluation. A related, less high-level model
seesthese stagesoccurringiniterative cyclesthat,
progressively, lead from the abstract, globally
specified problem to its concrete, detailed imple-
mentable solution. None of these two models ren-
ders the actual design activity. The three stages
correspond nevertheless to fundamental design
activities, whicharecompletely intertwined —and
notatallconsecutive,as stagesare supposedtobe.
The perspective we have adopted, namely to consider de-
sign as the construction of representations rather than as
problem solving, leads usto considerthese three activities
asconstruction of representations, even ifthey mayinvolve
differenttypes of input and output representations.

Using Knowledge in Design

Knowledge is a central resource in the con-
struction and use of representations. The impor-
tance of knowledge holds for most professional
domains, butitis of course particularly critical in
an activity that essentially consists in represen-
tational activities. Design requires general, ab-
stract knowledge and weak, generally applicable
methods, butdesigners also need domain-specific
knowledge and the corresponding strong, knowl-
edgeintensive methods. We suppose that satisfic-
ing, for example, requires more domain-specific
knowledge than does optimizing. This also holds
forthe exercise of creativity, whichis soimportant
in design. In addition, knowledge is a key element in the

H

exercise of analogical reasoning —which may, in turn, be

formation”, “(re)interpretation”, and “restructuring and
g”. Generally, they describe the results that are
obtained, but rarely make explicit the underlying
cognitive activities or operations.

Wedistinguish threetypes of activitieson rep-
resentations, namely generation, transformation,
and evaluation. These activities, their underlying

related to design creativity (but see Visser,1996).

[..] In the presentation of the SIP approach,
[references to the role of knowledge] were very
general, because this problem solving view in-
sists mainly on generic knowledge and weak
methods. In the SIP approach to problem solving,
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onesearches for solutionsin the “problem space”,
going from one knowledge state to another, until
the current knowledge state includes the problem
solution (Simon,1978, p. 276). [...]

In our presentation of the SIT view, knowl-
edge did not play an important role neither, but
fordifferent, nearly opposite, reasons. SIT-inspired
researchers have identified and described in detail
much domain-specific knowledge. They insist on
therole of “knowledge-in-action”—which they op-
pose to school knowledge, whose role is of course
not denied, but ignored in their research. SIT-in-
spired studies have provided us with extremely
rich descriptions of situations that were often so
uniquethat presentation ofthe knowledge identi-
fied would have been rather anecdotal. One may
notice that it is undeniably difficult to find a level
of description of interest to many different peo-
ple (researchers, practitioners, students, general
public), with different backgrounds and interest
indifferentdomains. Furthermore, SIT-inspired re-
searchersemphasizethatthereis moretodesign—
and other professional practice—than knowledge
(cf. Bucciarelli,1988).

[-]

Yet, without knowledge, no representation! Knowl-
edgeis necessary—butof course not sufficient—forthe con-
struction of representations. Without knowledge, nointer-
pretation, thus neitherthe possibilitytolook ata projectin
a way different from one’s colleagues, nor that of seeing
things differently than one did during a previous project!

The operative and goal-oriented character of rep-
resentation results from an interaction between
one’s knowledge and experience, and the situa-
tiononeisin.

Nonalgorithmic activities — necessary in, for
example, creativity, satisficing, (re)interpretation,
and qualitative simulation—require knowledge. In
orderto proceed tocomplexcalculations,adesign-
er, of course, also needs knowledge, but of a sort
thatcanbelearnedin school. The knowledge that
is very important in design is not gained through
formal education, but through experience. De-
signers may acquire such knowledge because of
theirworkon many different types of projects,and
their interaction with colleagues who have other
specialties (see Falzon & Visser,1989).

Knowledge determines if a design task con-
stitutes a problem for someone. Working withill-
defined problem data is only possible if one has

specific knowledge (in addition to generic know!-
edge, of course).

Furthermore, knowledge is a critical resource
underlying most strategies. If simulation viarepre-
sentations works, itis thanks to one’s knowledge.
Reuse is, by definition, impossible without knowl-
edge (it is not a components library that makes
knowledge superfluous). Handling constraints
(especially constructed constraints) would be hard
withoutit.

The domains from which this knowledge
comes are not only the application domain and
that of design methods, but also the underlying
technical and theoretical domains (mathemat-
ics, science, engineering) —and even nontechni-
cal domains. In our carrying/fastening device
study (Visser,1995), we showed the importance of
commonsense knowledge (in the design project
examined, thiswas the knowledge of cycling). Ad-
ditionally, designers, one may hope, also draw on
ergonomics and knowledge of social, political, eco-
nomic,and legal aspects of theartifactandits use.
As designers generally are not expert in all these
different domains, the need of design projects for
wide-ranging knowledge requires collaboration
between professionals from various domains-
and users.

With respect to knowledge of different ab-
straction levels, designers of course use much
generic, abstract knowledge (first principles, gen-
eral-purpose knowledge, weak methods). How-
ever, the reuse of specific knowledge related to
particular past design projects plays an essential
roleindesign (Visser,1995).Inour carrying/fasten-
ing device study (Visser, 1995), we observed how
the knowledge of cycling is not theoretical, school
knowledge, but the result of personal experience
incycling, with orwithouta backpack,onamoun-
tainbike orother bicycle. We showed how this epi-
sodic knowledge (Tulving,1972,1983) grounded in
personal experience may be used in various ways
(both inthe construction of representations used
for the generation of solution ideas, and in the
evaluation of solution proposals). Inthis study, we
alsoshowed theimportance of humaninformants
besides non-human information sources. We
observed how designers often use colleagues as
informants —and how colleagues present them-
selves as such without being requested explicitly
(Berlin,1993; Visser,1993).

These are only a few examples, mentioned in
order toindicate the importance of knowledge in
design.

Expertiseand knowledge.|..] Thereare atleast
threetypesof research on expertise. The compari-
son between experts and novices in a domain,
that is, studies on levels of expertise, is the clas-
sical paradigm in studies on interindividual dif-
ferences in this domain (Chi, Glaser, & Farr, 1988;
Cross, 2004a, 2004b; Glaser,1986; Glaser & Chi,
1988; Reimann & Chi, 1989). Experts have also
been studied in clinical studies, leading research-
erstoidentify particular characteristics of particu-
larexperts (Cross, 2001,2002).

We have proposed to distinguish also differ-
ent types of expertise (Falzon & Visser,1989; see
also Visser & Morais, 1991). We analyzed how ex-
perts in the same domain may exhibit different
types of knowledge, and observed that this knowl-
edgeisalsoorganized differently betweenthe ex-
perts. We attributed these differences todifferent
task experience (workshop vs. laboratory in the
context of the aerospace industry). Our analysis
of previous studies by colleagues who compared
experts showed, in addition to the role of one’s
task, the importance of the representation that
one constructs of one’s task. The comparison be-
tween the two experts examined led us to qualify
the knowledge of one expert’s as “operative” and
that ofthe otheras “general”. The two experts dif-
ferinthesameway as a teacher differs froma prac-
titioner, in the same way as an epistemic subject
differs from an operative subject (Falzon & Visser,
1989; see also Visser & Morais, 1991).

Generationand Transformation
of Representations
(-]

Generation. Arepresentation is never gener-

ated “outof nothing” (exnihilo, from scratch). We consider

itdifficult,if notimpossible,todecideifanideaordrawing

(orotherrepresentation)is "new."In accordance with Goel

[...] we considerthatdesign always consists in transforma-

tion of representations. We qualify the construction of rep-

resentations as “generation” [...| if its main source is one’s

memory—somethingthatwill be difficultto observeforan

We insist on “main”, because memory
will never be the only source. By definition, the
state of a design project (requirements and their
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follow-up included) will influence a designer. In
addition to this influence, there will be other con-
tributions “from the outside world”.

Designers will interpret the input to a design
project, thatis, the requirements and other data
that they receive or collect (e.g., reference docu-
ments, similar artifacts), in order to generate a
first representation — which may consist of an
ensemble of representations: for example, one or
more related mentaland external representations.

Generation may beimplemented by different
typesof processes and operations: From the “sim-
ple” evocation of knowledge from memory to the
elaboration of “new” representations out of mne-
sic knowledge entities without a clear link to the
current task (e.g., through analogical reasoning
and other nondeterministic leaps; Visser,1991).

[-]
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The distinction between generation by evocation and

by elaboration of course does not correspond toa clear-cut

opposition, but is an analytical distinction that refers to

a continuous dimension. Elaboration of a repre-
sentation always uses mnesic entities, which will
have been evoked from memory [...]. We have llus-
trated thisidea elsewhere by observations fromour
composite-structure design study (Visser,1991).

Schema instantiation is a form of knowledge
evocation that has received much attention in
software-design studies. Schemata have indeed
been the main framework for the analysis of
knowledge representation in cognitive software
design research (Détienne, 2002).

Generation of representations may use op-
erations and other activities, such as information
gathering.

Transformation. We propose to distinguish
transformation activities according to the type of
transformation between input representation rx
andoutputrepresentation ry, through intermedi-
ary representations ri. We distinguish the follow-
ing forms. Transformation activities may

-duplicate (Goel,1995), that is, replicate or re-
formulateri.

- add, that is, introduce new information or
“small alterations” (Vander Lugt, 2002) intorri.

- detail, that is, break up ri into components
rittorin.

- concretize, thatis, transformriinto ri’ which
represents rifrom a more concrete perspective.
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-modify,thatis, transformriintoanotherver-
sionri’, neither detailing, nor concretizing it.

- revolutionize (Visser, 2009), that is, replace
ri by an alternative representation rj, neither de-
tailing, nor concretizing it (corresponding to Van
derLugt, 2002’s “tangential transformations”, i.e.
“wild leaps into a different direction”).

[...] We consider that both transformations
into different versions (through modifying) and
into alternative representations (through revolu-
tionizing) constitute “lateral” transformations. [...]

Many activities play a more or less direct role
in these different types of transformation. Some
examples (varying between operations and activi-
ties) are interpretation, association, brainstorm-
ing, reinterpretation, confrontation, articulation,
integration, analysis, exploration, inference,
restructuring, combining, drawing (sketching,
drafting,and otherforms), hypothesizing,and jus-
tifying. In this book’, we comment on only some
ofthem.

(-]

Evenifitistoo simplistic to qualify “analysis”
as a first design “stage”, analyzing indeed corre-
sponds to a central activity in the initial phases of
adesign project. Constraints analysis is essential

to disambiguate design requirements. Analyzing the cur-

rent design state may be a way to introduce detail or con-

creteness in the project. “Analysis” has, however, a logical

undertone, which causes that it can certainly not
be the only —oreven the main—activity in the ini-
tial design phases. Other, more nonalgorithmic
activities will also be required, such as interpreta-
tion, association, brainstorming, and exploration.
Analogical reasoning occurs in all three rep-
resentational activities. We have mentioned it in
different contexts: as a factor of opportunism, in
creativity-requiring activities, as a way to tackle
ill-defined problems by interpreting them, and as
a possible form to generate "interesting” design
ideas. Itis also the reasoning form that underlies
reuse, which plays animportantrole in design.
We observed its role in different studies, sev-
eral examples of which have been presented in
this book. [..] We described analogical reasoning
used by the mechanical-design engineer in our
functional-specification study [...]. Using analo-
gies, he took advantage of representations that
he was constructing and using for his current
design actions, to design analogically related

design objects. Acompletely different use of anal-
ogy has been observed inthe composite-structure
aerospace design study [...]. There, the designer
especially employed analogical reasoning in the
conceptual-design stage. When elaborating
conceptual solutions to design problems, he and
his colleagues frequently were observed to be re-
minded of extradesign domain objectsthatimple-
mented concepts (principles, mechanisms) that
theyjudged potentially useful for development of
a solution to the current design problem. The fol-
lowing example (from Visser,1996)illustrates this
use of analogy that we analyzed as contributing
to the innovative character of the design project
(otherexamples are presented in Visser,1991).

Example. When the composite-structure de-
signer and his colleagues are developing, in a dis-
cussion, “unfurling principles” for antennas, they
comeupwithideassuchasan“umbrella”and oth-
er “folding” objects. They proposed, forexample, a
“folding photo screen”, a “folding butterfly net”,
anda “folding sun hat”,all related to the target by
analogical relationships.

Differentforms of inference are of coursealso
used in design. Induction is used much more fre-
quentlythandeduction.Goel (1995)identifies only
1.3% “(overt) deductive inferences” in his observa-
tions. In our composite-structure design study,
neitherdid we notice any overt form of deduction.

The articulation, combination, and integra-
tion of representations play a particular role in
collaborative design.Sodoinform,comment,and
request. Such activities are discussed in the sub-
section Construction of Interdesigner Compatible
Representations.

Restructuringand combining representations
are often mentioned as components of the cre-
ative process (Verstijnen, Heylighen, Wagemans,
& Neuckermans, 2001; Verstijnen, van Leeuwen,
Goldschmidt, Hamel, & Hennessey, 1998). Verstij-
nen et al. show that restructuring and combining
are two separate constituents of creativity that
function differently. In distinct ways, each can
lead designers to introduce new information in
the current design representation — something
thatisusefulin generation and transformation of
representations.

Restructuring is qualified by the authors as

getting free from an original conception (1998, p.
545). Verstijnen et al. claimthat “mentalimagery”
operations (i.e., operations on mental images)
may lead to discovery of new ideas —but only un-
der certain conditions. Some operations cannot be
performed within mentalimagery alone and other
operations are much easier to perform externally
(p.522).

Itisdifficulttorestructure completely mental-
lyanexisting external representation (i.e., a draw-
ing, in Verstijnen et al.’s experimental studies) —
for novices, it is even impossible. It is facilitated if
one is allowed or encouraged to sketch - but this
facilitation only holds for experienced designers.
However,combining (synthesizing) parts of arep-
resentation can be performed mentally by only
using mental imagery. In that case, no additional
value is obtained from sketching (Verstijnen et al.,
1998, p. 535). One may indeed suppose that the
two operations —restructuring and combining —
impose different loads on mental processing.

Yet, inventors (such as Kekulé, an example
presented by Verstijnen et al.) seem to be able to
restructure exclusively “in their head”. Verstijnen
etal. (1998, p. 546) formulate the interesting hy-
pothesis that extraordinarily creative individuals
may be able to construct analogies withinimagery,
forwhich others, in more mundane cases, require
a sketch (1998, p. 546). Indeed, what an external
representation such as a sketch allows a personis
torestructure theirimage (i.e., an internal repre-
sentation) in analogy to that external representa-
tion. Thisinspiresin Verstijnenetal. (2001, p.1) the
ideathat with no paperavailable or no expertise to
use it, analogies can be used to support the creative
process instead of sketches (2001, p.1)—but perhaps
onlyin “extraordinarily creative individuals” (the
additionisours).

Astoolsforreinterpretation, activities such asrestruc-

turing and combining may thus be used to come up with

new ideas. Drawing (i.e., sketching, drafting, and other

forms of drawing) may also be a tool for other activities.

3 Willemien Visser (2006), The Cognitive Artifacts of Designing, Hillsdale, NJ, USA, Lawrence Erlbaum Associates (NdR).

Besides restructuring, it may serve, for example,
analysis,and simulation. It may alsofulfillinterac-
tional functions, such as informing or explaining.
[tcaneven have severalfunctions simultaneously:
Forexample, simulation, explanation,andstoring.
The relatively unstructured, fluid, and imprecise
drawings that sketches are, may give access to
knowledge not yet retrieved and may evoke new
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ways of seeing[...]. Unforeseen views on the design
projectin progress are supposed to open up unan-
ticipated potentialities for new aspects or even
completely new directions.

Evaluation of Representations

Accordingtodesign methodologies, the gener-
ationandevaluation of solutions are two different
stages in a design project. Many empirical studies
have shown, however, that designers intertwine
the two. The participants in the technical review
meetings that we studied (D’Astous, Détienne,
Visser & Robillard, 2004) were supposed to fol-
low a particular method in which design was not
supposed to occur. They came up, however, with
alternative solutions; thatis, notonly were they re-
cording the underlying negative evaluations, but
they also proceeded todesign.

Evaluatinganentity consistsinassessingiit vis-
a-vis one or more references (Bonnardel, 1991a). In
the context of design, evaluation may occur when
arepresentation is presented by its author, or in-
terpreted by colleagues, as an “idea” or “solution
proposal”. Colleagues may interpret a representa-
tion as a solution proposal without its author pre-
sentingitexplicitly as such,and they may evaluate
it without its author explicitly requesting them to
doso (Visser,1993).

The terminology around “constraints” and
“criteria”isstillunderdebate inthe domain of cog-
nitive design studies. Bonnardel (1989) reserves
the term “constraints” for operative evaluative
references and “criteria” for conceptual references,
whereas we use “constraints” for generative refer-
ences that steer solution generation and “criteria”
for critical evaluative references guiding solution
evaluation (Visser,1996). Other distinctions have
also been proposed.

According to the source of an evaluative ref-
erence, researchers distinguish different types of
evaluative references (Bonnardel, 1991a; Ullman,
Dietterich, & Staufer,1988):

- Prescribed constraints, which are given to
the designer or which the designer infers fromthe
problem specifications.

- Constructed constraints, forwhich designers
mainly use theirdomain knowledge.

- Deduced constraints, which designers infer

35
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based on other constraints, the current state of
the design project (the problem solution), and de-
sign decisions made during their design problem
solving.

Depending on the type of reference used by a
designer, researchersdistinguish three evaluation
strategies (Bonnardel, 1991b; Martin, Détienne, &
Lavigne, 2000, 2001), all three of which we qualify
as “comparative”:

- Analytical evaluation: A solution is assessed
vis-a-vis a number of constraints.

- Comparative® evaluation: Various solution
versions or alternatives are compared with each
other.

-Analogical evaluation: Asolutionis assessed
using knowledge acquired inrelationtoa previous
solution.

In an analysis of negotiation patterns be-
tween participants in multidisciplinary aero-
nautical-design meetings, Martin et al. (2000;
2001) show that if such evaluation does not lead
to a consensus between the different partners,
arguments of authority may be used. Evaluative
references are forms of knowledge. As expected,
designers’ expertise in a domain influences their
use of these references (D’Astous et al.,, 2004).

Given that, in a collaborative design setting,

Evaluation has functions at boththe action-execution
and the action-management level of the design activity.
The classical solution evaluation occurs at the action-exe-
cution leveland leads generallytothe selection of one pro-
posal —possibly after one or more iterations. At the action-
management level, evaluation affects the progress of the
design process. Depending on the results, design may be
pursued in different ways. Designers, thus, evaluate not
only solutions, but also their possible design process, its
progression, and direction (Visser,1996).

Collaborative Design
Through Interaction

Collaborative design takes different forms
andreferstothevarious representation-construc-
tion activities presented earlier. Besides the func-
tions that representations play in both individual
and collective design settings (mainly cognitive
offloading, reminding, keeping track, storage,
communication, organizing, reasoning, and dis-
covery), various aspects of the externalization
possibilities of representations provide addition-
al functions specific to collective design. These
functions go together with different cooperative
activities, which vary according to the phases of
the design project. During distributed design,
when the designers’ central activity is coordina-

designers may have different representations of a project,
proposals are evaluated notonly based on purelytechnical,
“objective” evaluative criteria. They are also the object of
negotiation, and the final agreement concerning a solu-
tion also results from compromises between designers

tion in order to manage task interdependencies,
representations of course play a role. Yet, it is in
co-designthatthey havea particularfunction,due
toits collaborative setting.

In collaborative-design situations, individual

(Martinetal.,2000,2001).In addition, notonly solu-
tion proposals, but also evaluation criteria and pro-
cedures undergo evaluation (D’Astous et al., 2004).

The preceding discussion concerned differ-
ent forms of evaluation by comparison, that is,
with respect to evaluative references. This type
of evaluation is possible if the form of the repre-
sentation that is to be evaluated allows such a
comparison. For example, if one knows already
the performance measures of the artifact. This is
often the case in engineering, where “objective”
measures of artifacts are possible (e.g., measures
of theirfuture performance).

The evaluation of other types of artifacts may
be based on simulation. The result of such simu-
lation (e.g., a certain behavior displayed by the
artifact) may constitute the input of comparative
evaluation.

design plays of course also an important role (as
we have emphasised at different occasionsin this
text, see also Visser,1993; 2002). Yet, an essential
partof collaborative design, especially during co-
design, takes place —that is, advances — through
interaction. This apparently unequivocal state-
ment —it may even seem tautological - conveys
characteristics of design thinking that we con-
sider essential.

Indeed, the different forms that interaction may take
in collaborative design — especially, linguistic, graphical,
gestural,and postural—are, in our view, not the simple ex-
pression and transmission (communication) of ideas pre-
viously developed in an internal medium (such as Fodor’s
“language of thought”). They are more and of a different
nature than the trace of a so-called “genuine” design ac-
tivity, which would be individual and occur internally, and
which verbal and other forms of expression would allow

sharing with colleagues. On this issue, we do not
concur with Goldschmidt (1995) when she writes
that thinking aloud and conversing with others can
be seen as similar reflections of cognitive processes,
whichwe canacceptasequal windows into the cog-
nitive processes involved in design thinking (p.193).

Notice that, in these collaborative contexts, a
fundamental partis played by other factors than
cognitive ones (representations, knowledge).
These are especiallyemotional factors,and social,
institutional,and interactional factors, such asthe
roles of the different design participants (formal,
staticrolesthatdepend onone’s predefined func-
tion inthe design project, and informal roles that
emerge and evolve depending on the interaction,
see D'Astous, Robillard, Détienne & Visser, 2001;
Fagan,1976; Herbsleb et al., 1995; McGrath, 1984;
Seaman & Basili,1998).

Inthe following and last two divisions of this
section, we discuss activities that are specific to
collaborative design.

Constructionand Use
of Intermediary Representations
in Collaborative Design

Many notions referring to the interdesigner
intermediary function of representations in col-
laborative design have been proposed in the
literature, such as “intermediary objects”, “co-
ordinative artifacts” (Schmidt & Wagner, 2002),
“entities for cooperation” (Boujut & Laureillard,
2002), and “boundary objects” (cf. Star, 1988, dis-
cussed below).

Emphasizing the material setting and the
artifactualnature ofthese entities thatareessen-
tialindesigners’interaction, Schmidtand Wagner
(2002) emphasize that, in cooperative work, their
main role is not informative, but coordinative:
They contribute to a more or less effortless and
fluent coordination and integration of individual
activities in coordinative practices.

For architects, a particular form of coordina-
tive artifacts is “layered artifacts”. They are a tool
thatarchitects use forcommunicating things that
need to be taken account of or changed. Schmidt &
Wagner (2002) describe that architects construct
them by making annotations on a document, e.g.,
putting a red circle around a problem, adding de-
tails (correct measures, material), marking a part
of adrawing with a post-it with some instructions
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for changes, corrections (e.g., in pencil directly on a

plan), sketching either directly on a plan copy or on
transparenttracing paper. ...

Layered artifacts facilitate coordination be-
tween activities (and the people who are respon-
sible for them). They, for example, provide a collec-
tive or individual space for experimentation and
change. The CAD drawing itselfis a layered artifact,
which builds on a particular mix of codes for func-
tions and materials and has been tailored to a par-
ticulardivision of labor. (Schmidt & Wagner, 2002,
pp.10-11)

The benefit of visual expression in creative
collective activity has been examined by Van
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der Lugt (2002). One of the supposed specific contribu-

tions of visual expression toidea generation in a collective

setting is that, through conversation with the drawings

of colleagues, people may build on each other’s ideas.

Van der Lugt shows that sketching using brain-
sketching tools indeed contributes to creative
activity in idea-generation groups, but not as
expected: it especially supports reinterpretation
of one’s own ideas, and so stimulates creativity
inindividual idea generation. Reinterpretation
of ideas generated by other group members is
not enhanced. Collective working is thus not
the panacea for all complex processes. Individu-
ally conducted activities in collective settings may
sometimes lead to “better” results. The visual ex-
pression in a collective setting may nevertheless
improve integration of the group process, by fa-
cilitatingthe accessto previously expressed ideas.

Vander Lugtemphasizes that his results may
be specifictothe techniques andtools examined,
and thus cannot be generalized to other sketch-
ing and idea-generation tools. Indeed, in another
study on sketching tools, using a different tech-
nique (visual brainstorming), Van der Lugt (2000)
observed a breakdown in the idea-generation
process.

Another communicative situation in design
projects is the interaction between people in-
volved indesign and in implementation. Eckert’s
study of knitwear design (presented in Stacey &
Eckert, 2003) constitutes an interesting example
of the difficulties that these situations may bring
about.

The knitwear designers examined by Eckert
use “technical sketches” in order to communi-
cate their patterns and garment shapes to the



38

COLLECTION - #2 + FALL 2010

machine technicians who are to implement the
knitwear designs in garments. In addition to a
freehand drawing part (the actual sketches), these
documents comprise a short verbal description
and a set of dimensions (Stacey & Eckert, 2003,
p.157). These technical sketches are supposed to
clarify the designer’s specifications, but are often
excessively imprecise or ambiguous. The techni-
cians tend to ignore the actual sketch part, and
rely mainly on the verbal descriptions, which only
give broad indications of categories (pp.157-158).
The technicians are not able to distinguish in
these documents the important and relatively
exactly specified design aspects from unimport-
ant details and elements that are placeholders
for broad categories (e.g., the type of neckline or
the chest pattern). As they have no way of judging
whatto believe, [they] usually take what is standard
as more likely to be reliable (p.174). This leads tothe
products, that s, the garments, often being more
traditional than intended by their designers. The
technicians repeatedly produce garments that vio-
latethe designers’intentions. They also often state
thatwhatthe designers want can’t be done (p.174).

Notice thatthis conclusion—technicians refer
tostandards for understanding the specifications
they receive —is not restricted to these specific
technicians andthese particulartechnical sketch-
es. [t may hold foranybody whois tointerpretany
semiotic expression produced by other people.

ing it mathematically, and other stakeholders can
react and critique what they can actually see and
manipulate.... Aslightly more abstract approach is
scenario-based design in which system functional-
ity and the experience of using that functionality
are described in narrative episodes of user interac-
tion (Carroll, 2006).

Argumentation —a “hot item” in studies on
cooperative activities —has only been touched on
inthis book (cf. Rittel, 1972/1984’s argumentative
model). Authors attribute a more or less broad
sense to the notion. We conceive argumentation
asan attemptto modify the representations held
byone’sinterlocutors. Manyactivitiesin co-design
arethusargumentative.

Boundary representations. As advanced by
Star (1988), in collaborative design, one needs “boundary
objects” to serve as an interface between people from dif-
ferent “communities of practice”. These objects may take
many artifactual forms, for example, representational.
We have proposed to qualify as “boundary representa-
tions” (no connection to the b-rep model for representing
a cube) the representational version of boundary objects
(Visser, 2009). The fact that they work does not
mean that partners from different communities
view or use them inthe same way. Different part-
ners may interpretthem differently, butthey work
if they contain sufficient details understandable
by these parties. No party needs to understand

Both designers and other participantsinthe development
processofan artifact, interpretthe language as well as the
graphical expressions by their colleagues, in terms of the
standards they are familiar with —and of their own past
experience of artifacts more or less similar to the current
object ofthe design project.

Still another communicative situation - but
onethatis not necessarily presentin every design
project — is that between designers and users.
With respect to interactive-software design, Car-
roll (2006) notices that there is a big and crucial
“gap” between the worldviews held by designers
of software and its potential users. Participatory
design is one way to bridge this gap. Research in
this domain has produced many proposals for
possible design representations enabling the two
parties tocommunicate:

Many of these approaches essentially imple-
ment a user interface design at the earliest stage
of system development: designers can show con-
cretely whatthey have in mind, rather than specify-

thefull context of use adopted by theirinteraction
partners. Itistheacknowledgmentand discussion
of the differences that enable people to use them
successfully together.

An example of a representation meant as a
boundary representation is the technical sketch
used by the knitwear designers examined by Eck-
ert (see Stacey & Eckert, 2003, p. 163, see also our
presentation above). They do not work as bound-
aryobjects, because they do not contain sufficient
detail to be understandable by the different par-
tiesinvolved. Successfulcommunication depends
not only on the sender’s use of appropriate repre-
sentations for information, but also on the recipi-
ents’ability to construct meaning fromthose repre-
sentations (Stacey & Eckert, 2003, p. 158).

According to Stacey and Eckert (2003), two
factors play herein a particularly importantrole:

The extent to which the participants share
context and share expertise; and the tightness of
the feedback loops [...]. In face-to-face communica-

tion, failures of comprehension can be identified
and conveyed very quickly,and speech, gestures and
sketches are usedto explain and disambiguate each
other.[..]Inless tightly coupled exchanges, the need
to prevent rather than correct misunderstanding is
correspondingly greater (p.162).

With respecttothese factors, Eckert observed
thatin nearly all companies that she had visited,
designers dotheir conceptual design withoutany
input from the technicians thatare toimplement
theirdesigns. This absence of communication may
explain,atleastin part, thatthetechnical sketches
used as specification documents by the knitwear
designersareambiguous—thatis,intheformthat
thetwo parties use them: Without any otherinter-
actionallowingthemtobe acknowledged and dis-
cussed. Theless the participants discuss, and the less
knowledge and contextual information they share,
the more sketches, diagrams and other communi-
cations need to carry with them the means of their
own interpretation (Stacey & Eckert, 2003, p.163).

Construction of Interdesigner
Compatible Representations

Inapaperon “bringingdifferent points of view
together”, Fischer (2000) writes:

Because complex problems require more
knowledge than any single person possesses, com-
munication and collaboration among all the in-
volved stakeholders are necessary; forexample, do-
main experts understand the practice, and system
designers know the technology. Communication
breakdowns are often experienced because stake-
holders belonging to different cultures (Snow, 1993)
use different norms, symbols, and representations.
Rather than viewing this symmetry of ignorance
(Rittel, 1984) (or "asymmetry of knowledge") as an
obstacle during design, we view it as an opportu-
nity for creativity. The different perspectives help in
discovering alternatives and can help uncover tacit
aspects of problems (Fischer, 2000, p. 3).

Construction of interdesigner compatible
representations when co-designing proceeds
through activities qualified as “grounding” (Clark
& Brennan,1991) and “cognitive synchronization”
(D’Astous et al., 2004; Falzon, 1994), through a
negotiation process resulting in “social construc-
tions” (Bucciarelli, 1988) or through argumenta-
tion resulting in the settling, “dodging”, or sub-
stitution of “issues” (Kunz & Rittel, 1979). A great
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amountoftimeisspentontheseactivities (Herbs-
lebetal.,1995; Karsenty,1991; Olson, Olson, Carter
& Storrosten, 1992; Olson et al., 1996; Stempfle
& Badke-Schaub, 2002). Recent studies have ob-
served that synchronization can also take a ges-
turalform (cf. research in Tversky’s STAR team®).

In our study on software-review meetings
(D’Astous et al., 2004), we showed that the con-
struction ofinterdesigner compatible representa-
tions of the to-be-reviewed design solution was
a prerequisite for the occurrence of evaluation
activities, which were the prescribed task. We
alsoobserved that cognitive synchronization con-
cerned notonlythe problem solutions butalsothe
criteriaand the evaluation procedures.

Given that designers have their personal representa-
tions, collaboration between designers calls for confron-
tation, articulation, and integration of these different
representations, in order for the designers to be able to
reach a solution that is adopted for the common activity.
The confrontation of personal representations also leads
to conflicts between designers, which they are to resolve
(see aremarkable early study in the domain of ar-
chitectural design by Klein & Lu,1989).

Aninteresting reading of Simon's (1969/1996
thinkingabout representationsis provided Carroll
(2006). Carroll notices that in the second edition
of Sciences of the Artificial, Simon’s view seems

changed. In “Social Planning”, a new chapter in
this edition, Simon suggested that organizations
could be considered design representations (pp.
141-143), using the example of the Economic Co-
operation Administration (ECA), the entity that
implemented the Marshall Plan in 1948 (p.12). At
the outset, people involved in ECA did not agree
onthisagency.Carrollquotes Simon who observes
(p.143), “What was needed was not so much a ‘cor-
rect’conceptualization as one that would facilitate
action rather than paralyze it. The organization of
ECA, as it evolved, provided a common problem
representation within which all could work” (p.
12). As the ECA proceeded, one of the six original
conceptions prevailed. Carroll comments, many
uses of prototypes in participatory design are com-
patible with this suggestion; prototypes provide an
evolving framework for exploring design options
and gradually focusing on a final solution (Carroll,
2006).

4 Cf.http://www-psych.stanford.edu/~bt/gesture/, retrieved August 16, 2005.
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Katarina Rimarcikova

Fashion Designer

www katarinarimarcikova.com

Setting up her own label in 2006, it could be
classed as “..a high-end, prét-a-porter womens-
wear collection merging into haute couture.” The
label reflects its design statement and aesthetics
inspired by all senses of its creator — psychological
theories, philosophy, personal journey, literature
and art. An intriguing mix of pleasure and pain. A
constantanalysis of the unknown.
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"Overpowered"
Autumn / Winter 08/09

Inspired by authors Aldous Huxley,"Brave New
Word", Franz Kafka, "Metamorphosis", the sur-
realistic work of Jean Cocteau, contemporary
music of Rosin Murphy and personal fragments,
the creator vision was to capture the essence of a
womanlivingina parallel universe - torn between
two worlds and influenced by their complex rela-
tionshipwith each other. The storyis following the
rules of reality and the present life expressed by
the more structured pieces; fitted dresses, which
zip up all the way at the back, with playful draped
suggestions of the unknown, craving to escape
this reality mode. Fitted jacket with strong lines

Photo Credits: Jasmine Boler

hugging the silhouette. Leather harness panels
incorporated, contrastingthe matt fabrics, strong
lines and layers on shine surfaces. The voluminous
coats, cut mostly in one piece, worn over the "the
beautiful uniforms of reality" are taking over this
heroine. These are finished with shawl pieces
which have become part ofthe garments and cre-
atetheillusion of lost shapes. The choice of colour
plays an important role for this collection. Deep
andrichtonesofblue, green, purpleand burgundy
"overpower" this woman who keeps slipping into
the surrealistic environment of her dreams and
herown personality.

"The Secret Lives"
Autumn / Winter Collection1o/11

Katarina RImarcikova’s collection began with a
fascination with a book of photographs titled
“Prague through the Lens of the Secret Police”, a
collection of images taken by the surveillance se-
cret police underthe communisticregime in East-
ern Europe. Their subjects (suspected conspirators
against the State) are captured unaware of being
observed and their lives documented.

Intrigued by these images of daily life—both banal
and full of mystery—Katarina has explored the lay-
ersofidentitythatherheroinefluctuates between
hidingand revealing.She proposesthatweall hold
secretsand anaccesstoa “secret life”.
Acollection of personal postcards found at a Paris
flea market has acted as a catalyst forimagining
the lives of others. The fragments of personal,
hand-written text are poignant records of the ex-
perience of a stranger and unravel into elaborate,
imaginary stories that inspire the collection. Each
garmentis a complex story in its own right; layers
of fabricare drapedto cover/hide the bodyand cut
torevealintimate details.

The clothes are designed so that the protagonist
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can play, alter her personality and transform her-
self —at moments wanting to attract attention
andthen deflectit.

Katarinais intrigued by how our identities evolve
and transform according to experiences that are
lived. Her work reflects the intricacy of personal
history, referencing events that mark themselves
on our lives and become permanent parts of who
weare. The collection consists of full volume coats
and jacketsthat cover sexually charged body-con-
scious dresses that are almost bandaged around
the body. Deep intense colours — night blues and
blacks enhance the mystery and the sense of un-
spoken secrets.

Undergarments—harnesses, bras,and suspenders
—expose themselves under the restrictive layers.
The garments have the potential to “wrap up” the
body, to hide the truth about something hidden.
Most pieces are cut from one piece of fabric and
are the result of complicated draping. Experi-
mental fabric combinations, for example papery
leatherand wooltwill, mirrorthe contradictionsin
anunpredictable, ungraspable character.
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Emotions and Design:
Between Feelings and Cognitions
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This article presents the principle knowledge

about emotions, stressing the importance of a

collaboration between psychology and design.

At once familiar and mysterious, emotions have

been studied scientifically for a century, and this

research has helped us to understand the com-

plexity of these rich human experiences. Emotions
allowhumanstoadapttosituations because they
point out any significant change in their rela-
tionship to the environment. Eminently subjec-
tive phenomena, emotions are based on one’s
personal appraisal of a situation and its conse-
quences for oneself. Emotion leads to a tendency
toactin a given direction (approach, avoidance,
opposition). Thus, inciting emotion appears to be
one goal among designers: by provoking an emo-
tion, they arouse a desire to approach an object
or situation. Design and the psychology of emo-
tion should therefore work in concert. The field of
Learning Designisone possible example of sucha
collaboration.
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Everyone is familiar with the phenomena

we call emotions. They are, however, difficult

to describe for most of us. W

have words to describe these persona

generally difficult to precisely express the kinds of feel-

ings corresponding to a given “emotion”; except for the

talented writer, emotions often remain in the domain of

the inexpressible. Nevertheless, emotions are still com-

municable, even contagious. They are accompanied by

events recognized by all as, for example, the ex-

pression of anger, of joy, or of sadness. For the

sake of concealing intimate feelings, or out of re-

spect for social conventions, this expression can

be monitored. Emotions alsovary greatly interms

of duration. Sometimes very brief, emotions may

take only a few moments; other times, they are

experienced over alongerduration,and may even

settle in permanently over time. Sometimes, the

emotion subsides and then bounces backinasuc-

cession of episodes. Emotions contain many more

mysteries. Sometimes they seem to obstruct psy-

chological functioning; sometimes they seem to

boost it. Thus, an emotion can have the effect of

hampering the person by preventing them from

advancing towards their goals (e.g., despair, dis-

tress, boredom), or, conversely, it may help them

to undertake their task (e.g., joy, pride, happiness,
satisfaction but also anger).

The object of our attention and curiosity
since ancienttimes, emotions have often inspired
the thinking of philosophers and scientists (see
Channouf, 2006 for a history) who have sought
to explain the nature and causes of these experi-
ences. Emotions are sometimes regarded as sepa-
rate from rational thought and reason; however,
this dualism, attributed to Descartes, tends to
be abandoned by today’s scientific community.
For the past century, research has been exploring
the multiple facets of our emotions, demonstrat-
ing that they merge with thoughts into a single
movement: personal adaptation to a situationin
the present moment. This research is centered
around several questions: What is emotion?;
Why do we experience emotions?; Do emotions
change with time, and, specifically, with psycho-
logical development? Are the emotions of a baby

comparable tothose of an adult?

This article aims to present some of the an-
swers coming from these scientific inquiries.
Firstly, we will see that emotions are complex
phenomena because they incorporate several
components (psychological, physiological and be-
havioural). Then we will seethatemotions seemto
fulfil an adaptive function: they signal the nature
of asituationtotheindividual (in particular, where
a threat to one’s security and welfare are con-
cerned). Finally, we will outline the link between
the psychology of emotion and design, especially
in a critical area of human development: educa-
tionandaccess to knowledge.

Emotions as Complex
and Dynamic Phenomena

The lexicon of emotions is both economical
and misleading. The “labels” anger, joy, sadness,
disgust, fear, or surprise are economical because
they refer to states characterized simultaneously
by feelings (pleasant or unpleasant), behaviours
(expressions, actions) and physiological events
(involving the heart rate, sweating, driving ex-
citement, the activity of adrenal and lachrymal
glands, etc.). Butthisvocabularyisalsomisleading
because it suggests that emotions are states that
arise suddenly, ex abrupto, and without explana-
tion, ex nihilo. But emotions do not occur spontaneously
inthe human being. They are originally constructed only
because, at some point, somethingin particular happens
totheindividual. They develop and give rise to a complex
and dynamic configuration of elements as diverse as the
feeling of being happy, the desireto get closertoanobject,
person or situation, the desire to smile, and even the urge
tolaugh; a person may wish to prolong the feel-
ing,doing anythingtoencourageits continuation
or avoiding doing things that might challenge it.
As previously described, theemotionisanepisode
and not a state. Emotion is movement; in other
words, it is a sequence that feeds on several com-
ponentsinteracting with each other:an appraisal
of the situation, a change in the inclination to act
a certain way (action readiness), physiological
activity (trembling, sweating, agitation, etc.), psy-
chological activity (thoughts, memories, etc.),and
behaviour (laughing, attacking, escaping, etc.).
Therefore,emotions are described as “multi-com-
ponential” phenomena. Among the components
of an emotion, we can highlight cognitive evalu-
ation, action tendency, physiological activity and

feelings in particular. The characteristics of these
components are outlined below.

The Cognitive Evaluation Component

Darwin took a deep interest in emotions and
their expression during his voyage around the
world aboardthe Beagle (1831-1836). His work, con-
sidered to be the first scientificstudy onemotions,
hasledtoseveralhypothesesthatresearchershave
since explored. Struck by the fact that the same
emotional expressions are observed throughout
the world in many species — not justin humans —
Darwin developed the following theses:

Emotions are a result of evolution. This ex-
plainswhytheyoccuratthelevel of humanbeings
and other highly evolved species.

Emotions are important for the adaptation of the or-
ganism to its environment. This explains why they have
survived the process of natural selection. They correspond

to categories of situations vital tosurvival (hazard
orthreatas opposed to safety or well-being).

Emotions correspond to biological programs. This
explains the universality of facial and behavioural expres-
sions andtheir associated physiological activity.

In the 19505, a lively debate took place con-
cerning the occurrence of emotions and the need
to analyze the situations that move us to experi-
ence them. The question can be stated as follows:
is it sufficient that the appearance of an object, a
person, or a situation should trigger an emotion?
With regard to human beings, the answer to this
question is now well-known: everyone should
feel the same thing at every confrontation with
this object if the occurrence of a particular object
triggers a given emotion (e.g. fear or joy); clearly,
however, thisis not what is observed. Instead, the
most robustfindingis thatthe confrontation with
an object varies depending on the individual and,
foreachindividual, depends on the context. Since
the 1960s, research has demonstrated that the
determining factor leading to an emotion is the
appraisal of the situation made by the individual.
This appraisal is described as cognitive because it
correspondstoaninformation processing. Butitis
alsoqualified as subjective because this treatment
ishighlysingularand personal. Thisappraisal plays
a key role in adapting the individual: it aims to
identify the meaning of the situation to him. This
evaluation takes place very rapidly and occurs at
the subconscious level.
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The appraisal is organized around several
criteria whose importance and place vary slightly
according to the authors (see Fonds & Cuisinier
in this issue, based on the model called Stimulus
Evaluation Check (SEC) developed by Klaus Scherer
of University of Geneva. Theinterested reader may
also refer to the book of D. Sander & K. Scherer,
2009). The most consensual criteria are:the rel-
evance and consequences of the situation for
the individual; his or her coping potential (his or
her coping potential (possiblities for adjustment
to this situation); and the situation’s normative
meaning, (i.e. its resonance or discordance with
personal and social values). These major evalua-
tion criteriacan be broken down furtherinto more
specificcriteria.
Asituation’s relevanceincludes the identifica-
tion of novelty, familiarity or predictability (does
this situation or object have a high probability
of occurrence or is it unusual or unexpected?).
Relevance is also based on an appraisal of agree-
ableness (is the situation or object pleasant or
unpleasantto the individual?). Finally, relevance
also depends on appropriateness and the situa-
tion/object’s priority in relation to the goals and
motivations of the individual (is it a threat or,
conversely, does it harmonize in some way with
the individual’s personal goals? Where does the
situation or object fit within the hierarchy of the
individual’s priorities? Forexample, survival takes
precedence over the threat of discomfort).
Coping potential refers to the resources the
individual thinks he can mobilize to fit the situa-
tion. Facing a threat, he determines his ability to
cope (can hefight, which correspondsto anger, or
does he feel subject to the situation, which corre-
sponds rather to fear?). Facing a new and unusual situa-
tionoranunfamiliarobject, theindividual will evaluate his
resources, particularly in terms of values, knowledge, and
earlier representations. For example, he may feel elated at
thediscoveryofanewlineorform,allowing himtochange
his current representations without damage. On the con-
trary,he maybe embarrassed or offended if his represen-
tations and values are too destabilized by the situation.
The normative significant represents another
major criterion for the subjective appraisal of an
event.Itisbased on personaland social standards,
and is, therefore, an aspect of the evaluation that
may vary considerably dependingonone’s culture,
norms and values. It also varies greatly according
tothe history of the individual and their personal




52 COLLECTION - #2 + FALL 2010

standards related to life experiences. Emotions
such as disgust or pride are especially sensitive to
this criterion. Since the personal standards and /
or social conditions are offended, the associated
emotionalexperience will be linked tothe range of
rejection and to the desire to avoid confrontation.
Thislast consideration leads ustomention anoth-
erimportantcomponentofemotion connectedto
situational appraisal: the action tendency.

The Action Tendency component

According to Nico Frijda of the University of
Amsterdam, one of the immediate consequences
of appraisal is the development of an action ten-
dency.Thisexpression meansthattheindividualis
preparingtoactinacertainwaydependingonthe
current state of his relationship with the situation.
Still referring to the broad appraisal categories of
importancetohissurvivaland wellbeing, the indi-
vidual may be prepared to approach, to maintain
the relationship, to interrupt his present conduct,
or to escape. This action tendency is linked to the
meaning that the individual attaches to the situ-
ation. If the situation is important and pleasant,
the action tendency is more likely to be approach
or maintain.Onthe contrary, ifthe situationisim-
portant and unpleasant, the action tendency will
more likely involve avoidance or attack, depending
on whether the coping potential has been evalu-
ated as low or high. In terms of adaptation, action
tendencies correspond to the repertoire of pos-
sible behaviour in connection with the feelings of
theindividual (Frijda, 2007).

Actiontendencies may be identified by study-
ing subjects’ reports of their emotional experi-
ences. Nico Frijda has indeed seen a constant in
these reports: people invited to relate an emo-

tion systematically evoke “desires” such as “I hoped not

W 3l

to be here”, “I felt | wanted to disappear”, “l wanted to do

N

something but|donotknowwhat”, “Ilwanted toembrace

everyone”, “l wanted to scream my joy but | could not say

anything”, etc. These action tendencies correspond to a

preparation of the organism for an oriented behaviour.
Theydonot, however, necessarily reflectan actual
behaviourbecausetheyare subjecttohuman con-
troland regulation.

Nico Frijda has shown the links between sub-
jective evaluation, action tendency, and emotion,
as well as specifying the functions of these action
tendencies. The writings of B. Rime (2005) pres-
ent further analysis of these relationships. For ex-

ample, desire would be underpinned by the action
tendency toapproach, whose function would be a
willingness to consume. Pleasure and confidence
would be underpinned by an actiontendency to be
with, the functionof which is to access consump-
tion.Theinterested readerisinvited torefertothis
work and to that of Sander & Scherer (2009) fora
complete overview of this concept.

In conclusion, action tendencies include the
resultsofa personalevaluation ofthe significance
ofevents,andreflecta possible adaptive response.
These action tendencies are accompanied by a
varying degree of physiological changes in which
the body is put into motion (increase in vigilance
andfield of perception),oreven morethe readying
ofthe body for a significant motor response (such
asescapeorattack).

The Physiological Activity Component

The physiological activities related to emo-
tion are, for the most part, known by everyone:
changesin heartbeat, sweating, motor excitation
(e.g.tremorsinthelegsorarms,and particularlyin
the hands), activation of the smooth muscles (vis-
cera), modificationsin adrenal gland activity (pro-
duction of adrenaline), etc. However, one current
enigma relates to the specificity of physiological
activities linked to each emotion. Research in this
area is difficult, as answering this question would
require provoking an emotional response in the
subject, which raises two types of problem. The
firstis, of course, ethical. For example, provoking
joy to study the resulting physiological activities
may seem acceptable, but it is not the same for
fear or shame. Besides this ethical problem, the
very intention of instigating emotionin a labora-
tory under controlled conditions - far from the
natural context of emotion —leads to a second
problem: Ifanemotion results from the subjective
appraisal of asituation’s significance, itis difficult
toanticipatethisappraisal. Despite these reserves,
some data are available. They indicate that physi-
ological activitiesare poorly differentiated for low
intensity emotions. These activities seem to cor-
respond to the adaptive needs of the individual
and are therefore even more pronounced when
the emotion is intense; their priority is to respond
tothe survival or integrity of the organism. They
are also less differentiated for positive emotions,
which are pleasant and agreeable. This leads us
the subject of “feeling” emotions.

Emotion & Design

Emotion appearsin

asituation
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The Feeling of Emotion Component

Another important component of emotion is
called the “feeling” of emotion. This corresponds
to the conscience of the emotional experience.
We have seen that emotion comes from the sub-
jective appraisal of the situation (or object) and
have stressed the non-conscious character of this
evaluation. The emotion is also accompanied by
physiological activities depending, forexample,on
the sympathetic nervous system. A great number
ofthemareimperceptible totheindividual (varia-
tions in blood pressure, dilation of the pupils, or
changes in digestion).

Others physiological activities are more
noticeable, such as changes in heart rate, trem-
ors, and sweating, etc; similarly, the previously
mentioned action tendency, or the organism’s
preparation for action, more or less perceptibly
contributes to the set of elements that make the
individual conscious that something is happen-
ing.Ata certain point, theindividual notonly feels
something but, more importantly, he knows he is
feelingsomething. This feeling of emotion thrives
on his interaction with the situation, and on per-
sonal or socially shared knowledge related to the
emotion. Thus, emotions such as shame or pride
involve a prior knowledge of the respective feel-
ings associated withtransgression oraccomplish-
ment. They therefore appear after several years of
development, and are only actually understood
aroundeightornineyearsold. Ababy of few hours
feels, without a doubt, states of well-being or dis-
comfort, butitis notyetabletodifferentiate satis-
faction from joy. Henri Wallon, whose research in
child psychology represented major progress, put
greatemphasis onthe role of the baby/child’s en-
tourage in the development of emotional aware-
ness:the individual “learns” to make sense of his
own feelings —as well as the feelings of others —
whileinteracting with others. This understanding
is facilitated by matching emotional phenomena,
throughasortofreciprocaland simultaneous imi-
tation.

In summary, emotion is a complex phenom-
enon because it integrates multiple components,
and the contribution of each componentis part of

the signal. The emotional experience is therefore
partly conscious and may even lead to a verbal la-
belling (anger, joy) or even to the regulation of an
emotion.

Emotions: Friends or Enemies?
Judgments on emotions vary considerably.

Some believe it is necessary to “let our emotions speak”,

to “know how to listentothem” orto “let them grow”. It is

particularlytruefor pleasant emotions. Others believe that

emotionsinterfere with rationalthoughtand must be con-

tained. Scientific psychology has long regarded
emotions as phenomena that are inaccessible to
rigorous study; however, numerous studies have
sought, since the late 19th century, to character-
ise them. Today, emotions take centre stage in
the media as well as in research laboratories. The
adaptive functionis now recognized by consensus
despite some differences regarding its systematic
nature. Emotions are organized into categories
(such asfear, anger or surprise) for different situ-
ations (danger, safety, or interruption). The emo-
tion can be viewed from two aspects, depending
onwhetherwe consideritto beanindicator of re-
sponsiveness to a situation (subjective appraisal)
orasa processofadjustmentoftheindividual’s re-
lationshiptothesituation (action tendency). Emo-
tion is a complex and rapid response organized
around a change of priorities for the preservation
oftheorganism.The essential function ofanemo-
tionis for the individual to gain self-awareness —
ortoinformothers—abouthowhe hasappraiseda
given situation. Accordingto Scherer (1994, p.127),
the emotion plays therole of an interface between
environmental input and behavioural output. He
noted that Hebb (1949) pointed out the follow-
ing paradox:the most advanced animal is the
one with the most complex emotional directory.
According to Darwin, the adaptive function of an
emotion is also about social communication, es-
pecially given the concomitance between expres-
sion and state —the expression being the clue, or
thesignal, of the internal emotional state.
Emotionstherefore perform intra-personal and inter-per-
sonal functions. In the first case, they increase the avail-
ability of certain processes (escape, interruption, attention

adynamicscheme.Emotion, farfrom beinga con-

or focus for example), and in the second, they participate

The social look on human emotions particu-
larly concerns their impact on conduct and how
we regulate our behaviour. Is our performance
affected by our emotions? How do we deal with
our emotions, especially when they are painful
and invasive? The current issue regarding well-
being (to be created, restored or maintained) in-
directly points out the function of signal of the
emotions which has been previously mentioned.
The societal pressures are such that painful emo-
tions, often subsumed under the term “stress”,
are more frequent, more intense, and sometimes
unbearable. The emotion’s function as a signal
does, in fact, have a consequence:the emotional
experience overrides any other information and
becomes a drain on the organism. Consequently,
research in psychology is addressing the impact
of emotions on performance in problem-solving
activities. Is performance better when the indi-
vidual feels pleasant emotions? What happens
when he feels unpleasant ones? Taken together,
these studies show that beingin a pleasant affec-
tive state facilitates the resolution of problems,
particularly when the issues involve exploring
new solutions (creativity). Conversely, being in
an unpleasant emotional state more often has
a negative impact on performance. Studies also
show that these trends become more nuanced
depending on circumstances. Thus, the impact
of one’semotional state seems more important if
theactivityiscomplexorunusual;afamiliaractiv-
ity in which the individual is experienced will be
less disturbed by his emotional state. Another dis-
tinctionis related to the search fora better quality
of life:the human being aspires to feel content-
ment. He avoids situations in which he will suffer,
preferring situations which allow himto maintain
a state of well-being. Therefore, he may be reluc-
tant to fully engage in a risky endeavour, where
success isuncertain.He mayalsouse anactivity as
alever to escape an unpleasant emotional state,
seeking to manage the problemin order to derive
joy orsatisfaction from the experience.

Design and the Psychology of Emotion:
a Desirable Encounter
Isan encounter between design and the psy-
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the encounter between the object (in the broadest sense)

and the individual. In this regard, the aim of the designer

is totempt users towards this encounter—in other words,

tthe conditions for a tendency to approach (i.e.

t

). We have seen thatemotions develop
from an evaluation and from an action tendency
that characterize the current relationship to the
object. The designer’s conceptual activity there-
fore implicitly or explicitly incorporates the con-
cept of emotion as understood by contemporary
science. This encounter between design and the
psychology of emotion is already underway in
the field of knowledge building called Learning
Design.

“Learning Design”: a Preferred Place
for Encounter

Knowledge building represents a major de-
velopment at both the individual and the societal
level. Previously seen primarily in terms of initial
training, knowledge building now stresses learn-
ing throughout the individual’s lifetime. We now
see the rapid development of Information and
Communication (education) Technologies (ICT).
However, these tools, and the contexts of their
use, raise a new issue, as the complexity of these
tools and their diversity often prove to be barriers
to learning. In addition, the place and function
of the teacher must be re-thought. The teacher
plays a fundamental role in knowledge building,
in particular because he intervenes at several lev-
els, organizing information for transmission and
buildinga contextofappropriationforthelearner;
this happensthroughthe use of tools and materi-
als (books and othertextual documents, graphics,
sound, etc...)andis performedin a dedicated space
(the classroom, auditorium, or via hypermedia).
Psychology proposes analytical frameworks for
these very complex processes involved in knowl-
edge building. The researcher in cognitive psy-
chology has knowledge about learning processes,
cognitive development, information processing,
the effects of cognitive overload (when the infor-
mation to be treated is excessive or too complex)
and emotional and motivational factors in learn-
ing (which are beginning to be better identified
and understood).

in communication and control. Products of evolution and
culture,emotions thus play a critical role both for the indi-
vidual andforsocial groups and cultures.

dition that suddenly occurs as a result of any stimulus, is a
process that finds its origin in the subjective appraisal of
thesituationanddevelops gradually asthe appraisal of the
changeofindividual relationtosituation whose emotion is

chology ofemotiondesirable oreven possible? One Gwendolyn Kolfschoten of Delft University of
of the functions of design seems to be to concretize con- ~ Technology points out a new requirement in con-
cepts,ideas, functions, cultural referentsand aestheticsin ~ temporary society:in a dynamic world, always in
anobject,image ora system. The purpose isto stimulate  movement, it is imperative to solve problems in
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a flexible way (Kolfschoten et al., 2010). Learning
Design considers this need to design learning en-
vironments thatincorporate, in their materiality,
the meaning of the learning situation. According
toTom Boyle of the Learning Technology Research
Institute (LTRI) atthe University of London (London
Metropolitan), conceptual clarification and devel-
opment of integrative models specifying the dif-
ferentlayers of design (design of the program, the
sequence, the activities, the objects and the con-
tent of learning) is essential (Boyle, 2010).

A cross-discussion between the psychologist in learn-

ing and the designer would be a highly valuable dialogue.

Indeed, the skills of the designer in the formal-
ization of objects, tools and learning spaces are
essential when seeking the most favourable
conditions for fostering the development of the
action tendency to approach. How can designers
create, maintain and focus people’s attention on
the learning content? How can they organize the
space and shape the tools of knowledge building?
Collaboration between learning and emotion
specialists and design professionals is certain to
provide a fruitful response. The challenge will be
toachievetheintegration of scientificknowledge
inthe design of educational activities.

“Learning Design” offers a privileged space for
anencounter between professionals ofdesignand
the fundamental research in psychology. This re-
spondstosocietal needs,as wellasan opportunity
formutualenrichment between disciplines.

TRANSLATION FROM FRENCH
Rebecca Cavanaugh
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"Little Altars Everywhere"

“Voudou'’s primary focus is one of love and allows
its followers access to the healing powers of devo-
tion. The practice of Voudou connects believers
to friends/family who have perished as well as to
the living, Therefore, the collection presents gar-
ments as altars on which we can show adoration
apon. Aswe are all traveling altars to be cherished
foreternity.”
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Applying Psychology Research to Design:
Understanding the Effects of Innovation on
Emotional Process, User Acceptance,

and User Acceptability

Abstract

For decades, researchers have been docu-

menting the questions of both acceptance and

acceptability in order to identify the factors and

elements which, in a situation of change orin-

novation, influence decision-making. After many

studies on the subject, a certain number of com-

tors from different categories have

VIDIAN FONDS * b ed'. These indicators enable us, a priori,
FREDERIQUE CUISINIER topredictaperson’s behavior. Nevertheless, some
issuesremainunclearandanessential element of
the individual’s adaptation to this decision-mak-
ing is never raised. Indeed, there is no research
dealingwithemotions resulting fromthis complex
individual evaluation process that determines, to
some extent, the relationship between the indi-
vidual and his/her environment in situations of
change.Thisarticleidentifies common points and
links between research onacceptanceandaccept-
ability. The cognitive evaluation of the emotional
process (Scherer, K/R,1984) informs each common
factor, which can be re-examined using theories
of emotion, notably the stimulus evaluation cri-
teria (SEC). These criteria permit the individual to
broadly and holistically assess his or her environ-
ment. It is only after this evaluation that the in-
* PhD doctorate Université Paris Ouest dividual decides whether or not to proceed with
an action. Therefore, in order to fully understand

} Michéline Zhou
£ .




62 COLLECTION - #2« FALL 2010

decision-making mechanisms, one must take the
emotionsintoaccount.

VIDIAN FONDS
FREDERIQUE CUISINIER

Introduction

As we saw inthe previous article of this issue,
emotions are multi-componential phenomena.
Among those emotional components we can
distinguish: cognitive appraisal, action tendency,
physiological manifestations and the subjective
feeling of the emotion (F. Cuisinier). In the pres-
ent article we will focus our attention on emo-
tions within the context of change, first exploring
the individual’s cognitive appraisal and his or her
interaction with a new artifact through the con-

well as the double dimension of acceptance and
acceptability as they relate to the evaluative as-
pect of decision-makingin the face of innovation.

-The Appraisal Phase ofthe Emotional or Cog-
nitive Process: The Model of Stimulus Evaluation
Criteria (SEC)

- Emotion results from a continual process of
evaluation or appraisal. (See diagram p52). In this
paper, we concentrate on the cognitive compo-
nent, and, more precisely, on the criteria for cog-
nitive evaluation. The cognitive evaluation is, in
fact, the phase that most significantly affects the
other components, as it occurs at the beginning
of the entire appraisal process. In order to predict
the evaluation of an event-stimulus’ meaning
for the individual, Klaus. R. Scherer has proposed
the system of stimulus evaluation criteria (SEC).
The SEC represent the dimensions or criteria con-
sidered necessary to define the majority of emo-
tional states (Grandjean, D.SanderandK.Scherer,
chapter 2 in Traité de psychologie des émotions).
Itis interesting to refer to this theory because it

supplies the elements that enable us to predict an'indi-

vidual’s reaction (approach or escape) and to understand

cepts of acceptability and acceptance. Emotional

how their relationship with the object is constructed.

impact and user acceptance and acceptability are two
relevant concepts for designers, who practice an innova-
tion-centered activity that is very much concerned with
how the user interacts with an object. We will examine
this application of psychological theory to design
through the example of the integration of Intel-
ligent Transport Systems (ITS) in vehicles. This ex-
ample will make explicit the interaction between
the user and the artifact, and the impact of the
emotions on decision-making within the context

ofinnovation.
This articleis organized in three sections:

- An overview of the appraisal phase of the
emotional process and the stimulus evaluation
criteria (SEQ)

A practical case: the acceptability of intelli-
gent transport systems. How do we locate emo-
tionsin concepts of acceptability and acceptance?

What impact do emotions have on decision-making?

The presentation of a diagram outlining this
research question, including the role of emotion
in the conception of use and user-interaction, as

Itis therefore possible to define the elements of
thesituationthattheindividual considersasheor
she decides which behaviortoadoptin response.

First, we will present and illustrate the SEC
introduced by Scherer in order to show how the
theory of emotions can be applied to the world of
design innovation; we will then develop the links
between this model and the question of accep-
tance and acceptability of an artifact.

The SECareorganized around fourevaluative
objectives:

1.Relevancy evaluation: When a new stimulus
appears in his or her environment, the individual
must decide whether this stimulus has a particu-
lar relevance to the activity in progress. This first
appraisal will determine whether the individual
allocates special treatment to this stimulus (for
example more attention), thus preparing him or
hertotake a specificassociated action.

objective with the following question, using the
example of the evaluation of an Intelligent Trans-
port System (ITS): would an ITS be useful for me,
and, if so,which oneis preferable?

2. Implication evaluation: The individual then
determines whether the stimulus facilitates or
hinders the achievement of his or her goals, and
to what extent. Four criteria are considered: the
causal attribution criterion, the likelihood of con-
sequences criterion, the divergence from expec-
tation criterion and the urgency criterion. Again,
followingthe ITS example, the individual may ask
the question:to what extent will | have to change
the way | drive my vehicle? Towhat extent is that
change inconvenient?

3. Mastery potential evaluation: After having
analyzed the situation, the individual must find
the most favorable solution in reference to the
stimulus’ appearance, taking into account the
control criterion, the intensity criterion and the
adjustment criterion. In this case, one might ask
the following: how capable am | of changing my
driving style? And will Ibe ableto use this ITS with-
out encounteringtoomany problems?

4. Normative meaning evaluation: T
vidual is part of a social group that influences his or her
decision-making and representation. The individual must

consider the group’s opinion when he or she takes action

aswell as his or her personal norms. For example, what do

people around me think about this ITS? Do the
people around me approve of it?

A Practical Case: The Acceptability of Intelli-
gent Transport Systems (ITS) in Cars
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The integration of new technologies such as
GPS systems often force users to abandon their
previous modes of operationinordertoaccommo-
date new ones. This radical change can generate
adaptation difficulties and other conflicts, includ-
ing the complete rejection of these tools. Indeed,
although this technological innovation responds
to certain user needs, not all users will necessar-
ily have the same needs —some may identify their
needs differently, or not even recognize the need
atall. Thereare, of course,common functions that
create general difficulties, butsome usersareable
to cope with them without any specific help.

The effectiveintegrationofanITSinadriver’s
activity depends entirely on the potential user’s
subjective appraisal. These are the driver’s own
expectations and specificities, which lead him or
hertoappraise the relevance of the of the ITS’s in-
tegration to his or her driving experience. There-
fore, the user must appraise the whole situation
from an emotional point of view. In fact, accord-
ing to emotional theory, every single situation or
eventis, prima facie, analyzed emotionally. More-
over, according to a number of studies, the way
one perceives (or, in other words, “appraises”) a
situation will have an impact on its acceptability.
If one feels joy or pleasure while thinking about
usingan ITS or while actually using it, they will be
inclinedtoapproachtheobjectandtouseit.Ifone
is uncomfortable around or frustrated by the ITS
technology, he or she willtend toavoid it.

When we pose the acceptability/acceptance
question orthe question of publicsupport, we are
trying to decipher how individuals react and face
changestaking placein theirenvironment. |
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jective consists of three criteria: the novelty criterion, the

intrinsicattractiveness criterion,andtherelevancytogoals

andneeds criterion. We can sum upthis evaluative

' Adel, Eand Varhelyi, 2008, Erikson, L, Garvill,J and Norlund, 2006, Katteler, H, 2005, Schade, J and Schlag, B, 2003, Young, K|, Reagan,

M.A., Misopoulos, E.,and Haworth, N, 2003, Van der Laan, V., Morris, M., Davis, G.G,1997.

The extensive deployment of new technology
is currently a crucial issue. Technology is devel-
oped to satisfy needs; it represents efficiency and
is supposed to improve the user’s life. Neverthe-
less, change comes with new problems for the
user as well as for the purveyors of this technol-
ogy.Producers mustfaceamajorquestion: willthe
publicaccept, support, and use this new technol-
ogy? Therefore, itisimportant forall concerned to
understand the mechanisms that lead to the in-
dividual’s decision-making, especially concerning
acceptance and acceptability. One such example
istheintegration of Intelligent Transport Systems,
such as GPStechnology, in cars.

inquiry is to understand what determines decision-mak-
ing. Several studies have attempted to define the concepts
of acceptance and acceptability, while others have tried to
identify and describe the socio-psychological factors that
influence those concepts. This article, however, focuses
on the possible links between emotions and the mecha-
nisms of decision-making. We will therefore first
define acceptance, acceptability, and the context
inwhichthey occur,which will help us to differen-
tiate the terms. Then, we will present commonly
used factors to determine, measure, and influ-
enceacceptance and acceptability. Finally, having
made the distinction between acceptability and
acceptance and based on the factors linked to
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those two concepts, we will establish connections
between acceptability-acceptance and emotion.
Once again we will reference studies concerning
ITS technology.

Acceptance and Acceptability

For a long time, the terms “acceptance” and
“acceptability” were used interchangeably in ref-
erence to the same phenomenon: user reaction
when a new device, system, or set of rules is intro-
duced. As we have stated previously, acceptance/
acceptability questions appear when one wants
to understand decision-making mechanisms. Ac-
cording to several researchers, the key factors in
this decision-making are interaction, transaction,
and communication with the public (potential or
actual users)’. From this point of view, the proper
consideration of potential users’ needs in the de-
sign phase and a clear explanation of how the ITS
functions increases the chances of the ITS being
used effectively in the future.

The terms acceptance and acceptability are
often used in a context where public support is
required. However, acceptance and acceptabil-
ity are just stages. In fact, one can accept certain
behavior without supporting the underlyingidea,
and only support can guarantee the success of
a new policy. So, why do we need two words if it
looks like we use them in the same circumstances
and contexts? A careful examination of this ques-
tion reveals that acceptance and acceptability
represent two distinct moments in the decision-
making process. Later, we will see more details on
what distinguishes one from the other, and what
thetwoterms haveincommon.

Acceptance

In 2005, Ausserer and Risser defined the ac-
ceptance of ITS technology as “a phenomenon
that reflects to what extent potential users are
willing to use a certain system.”” We can think of

hermometer that indicates a person’s

t.ForSchadeand Schlag (2003), accep-
tance implies the user’s attitudes and behavioral
responses followingtheintroduction of a new sys-
tem or product; it is linked to the user’s effective
experience of those devices. For example, is this
person in favor of obstacle and collision warning,
and do they use it daily? Other researchers have
distinguished two types of acceptance:accep-

tance based on a direct evaluation of ergonomic
criteria for the ITS technology and social accep-
tance, which is more of a predictive evaluation of
consequences of the system.* In those studies, ac-
ceptance is measured through behavioral chang-
eswhendrivingwithanITSascomparedtodriving
without it (“habitual” behavior).

Acceptability

In general, acceptability is regarded as a
foreseen (prospective) judgment that leads to
attitudes and specific behavior in relation to the
object. Even if the individual has not experienced
those devices in practice, he or she expresses a
judgment based on what the system represents
and their beliefs about it. While acceptability
and acceptance may be confused because of the
thin line between them, some authors have ex-
plained their specificities’. In the case of accept-
ability, the individual anticipates him or herself
using the object and his or her relationship with
the object, whereas in the case of acceptance, he
or she effectively tests the object and judges it
with full knowledge of the facts. In both cases, it
is a matter of judgment, attitudes and behaviors
(anticipated, fictional or real), and as a result we
find a large number of factors in common when
measuring them.

Eight useful indicators for studies about ac-
ceptance and acceptability are listed below:

-Socio-demographicuser profiles such as age,
driving experience, driving style, attitudes about
driving safety,driving speed, and tendency toward
risky road behavior.

-Social influences, notably social acceptabil-
ity, or external elements that the user could take
intoaccountin deciding whetheran ITS is accept-
ableornot.

- Problem Awareness (depending on the ITS),
such astheindividual’'s awareness of the dangers
of speeding in relation to their use of the cruise
control function.

- Effectiveness, or the user’s conviction that
the system does whatitis intended todo.

- Usability corresponding to the driver’s per-
formance while using the ITS, and the ease with
which itis used.

-Usefulness perceived.

-Satisfaction of the user’s needs.

- Affordability, or the financial accessibility of
thelTs.

Acceptabilityseemstobealongand unstable process,
while acceptance is the final, stabilized, decisive state that
is essential for decision-making. Emotion seems, therefore,
torepresentanimportantelementofthe acceptability pro-
cess; indeed, emotion is organized around the individual’s
evaluation with regard to the situation (or the object).

Thisevaluationaimstodeterminethesignificance
of an event-stimulus for the individual. This con-
stantappraisal mayormaynotleadtoanemotion
characterized by tendencies toward an associated
action, a subjective feeling, a behavior, and physi-
ological manifestations. In fact, the individual’s
point of view on his or her relationship with the
object (the ITS) represents the major decisive ele-
ment that will determine whether he or she em-
braces orrejectsit.

Thesis Question

We propose that those common indicators
used to analyze acceptability are re-read and
translated usingtheories of emotion, in particular
following the component process model and the
theory of sequential criteria in the differentiation
ofemotions (Scherer,1984). This re-reading reveals
similarities and connections between these com-
mon indicators of acceptance and acceptability
and the stimulus evaluation criteria described by
Scherer’s theory.
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user’s goal (the criterion of facilitation or obstruc-
tion of goals and needs). In another example, a
novice in newtechnologies might worry about the
usability of an ITS, which would increase the im-
portance of the potential for mastery evaluation
inhisorheranalysis of thessituation. Similarly, the
criterion dealing with normative meaning is rel-
evantwhentheindividualisa partofagroupthat
does notvalue ITS technology (social influence) or
where its affordability is concerned. In effect, ac-
ceptability will depend on the cost and the avail-
able funds (socio-economic category) but also on
the symbolic value attributed by the individual
tothe objectin question (internal standards). To
close this series of examples, let us look at the
category of “problem awareness,” which will il-
lustrate the complexity of research on acceptabil-
ity and emotions. For anindividual who perceives
theroadasahostileand dangerous environment,
any ITS that will enable him or her to avoid or sur-
vive an accident will be considered relevant. This
impliesthat he or she has identified the elements
likely to lead to a road accident, which combines
a knowledge of objective factors and value judg-
ments on those objective elements: how do road
accidents occur, what is the probability of having
anaccident,andwhatarethe consequences? How
canITS technology help the individual toavoid an
accident? Nevertheless, he or she will have to ap-
praise whether it will be possible to drive with a
specificITS, and the impact that it will have on his
or herdriving ability (mastery potential).
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J,2003, Steg, Letal, 1995.
3 Vlassenroot, S., K. Brookhuis, V. Marchau and F. Witlox (2008).
4 VanDerlaanetal,1997.
5 Schlag,B.and Schade, )., 2003.

The stimulus evaluation criteria encapsulate
alarge number of indispensible events in the in-
dividual’s life; they are at the origin of his or her
adaptation strategies and actions. These events
are all-powerful and ubiquitous; it is reasonable
to assume that they can be identified amongst
the factors used to measure acceptability. Thus,
we notice that each acceptability factor echoes
at least one evaluation level and consequently
corresponds to at least one stimulus evaluation
criterion. For example, the socio-demographic
profile comprises, among other things, attitudes
and behaviorsassociated with speeding.Foranin-
dividualwho likes todrive fast, adevice that limits
their speed would not be relevant to the satisfac-
tion of this desire (the criterion of goals and needs
relevancy) and it would therefore be considered
a significant hindrance to the attainment of the

Once these different evaluations have been complet-
ed (inaddition tothose concerning otherfactors of accept-
ability), the individual will have constructed his or her cur-
rent personal relationship with the object—in other words
the level of acceptability of the ITS concerned and his or
herinclination to use it. One will notice that all of
theelementsarein constant,complexinteraction
with each other. The factors are all inter-related
and mutually influential. It is not easy to isolate
one particular element and study it separately,
and/orinrelationtoonlyoneevaluation stimulus
criterion.
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Design >emotion > innovation

PhD dissertation issue: "The emergence of emotion as an evaluation

criterion of the impactofaninnovation onanindividual”

VIDIAN FONDS

Discoveringan innovation

..limagine myself ..lexperience

ACCEPTABILITY . ACCEPTATION
I have a prospective and llike (ordon'tlike)touse
anticipated judgement - this object
towardthe object !7
..DEPENDING ON CRITERIA:
Socio-demographic profiles « « Social influences
Affordability - - Problem awareness

Needs satisfaction - - Effectiveness

Usefulness perceived -

Usability -

The emotion asanew
acceptation and acceptability
criterionforaninnovation ?

Conclusion

Acceptability is one part of the process that
leads to decision-making. Throughout this pro-
cess, theindividual mustevaluate and re-evaluate
the situation according to his or her own speci-
ficities and expectations, as well as those of the
people around him or her. The environment in
which the individual moves is dynamic and prone
to numerous - and possibly frequent — changes;
consequently he or she must analyze this environ-
mentin order to adapttoit. These mechanisms of
decision-making enable us to predict one’s future
behavior; they are therefore the subject of numer-
ous studiesin thefield of newtechnologiesandIn-
telligent Transport Systems (ITS). Generally, those
studiesfocusonvariables such as attitudes, beliefs
surrounding a phenomenon, noted behaviors, so-
cial influences, ergonomic criteria, and certain in-
dividual factors. However, they tend to ignore one
oftheindividual aspects —emotion —that governs
how users function and their attitudes towards
the world around them. Furthermore, this aspect
isomnipresentintheindividual’s life.

Indeed, emotion is a phenomenon that is
known and experienced by everyone, but very few
understand how it functions, or even its useful-
ness,in helpingtheindividualtoadapttohisorher
environment. Emotion is, in our view, an essential
element of acceptability. It establishes a relation-
ship with the object that will determine action
tendencies favoring contact, approach, or avoid-
ance ofthe object, and consequentlyits long-term
use. These action tendencies hold a central posi-
tion in the attitude of the user. ITS technologies
are strongly defined by their functionality for the
driver.Yetthe pleasurable dimension of the object
is not adequately treated in acceptability models.
Eventheergonomicaspectsare generally oriented
towardstheobject’s functionalityandthe usability.

Nevertheless, the designer and the design of the object
undoubtedly play a major role in creating a dimension of
pleasure and beauty through esthetic attraction, in order
toorient the potential user towards the object, or, in other
words, to solicit the user’s the desire and the behavior re-
t. This said, we can also reproach designers

for giving priority to acceptance over acceptabil-
ity, which suggests that they are only interested
inthe user’sinteractions with and reactions tothe
object.

COLLECTION - #2 + FALL 2010
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This paper will starttoanswerthe above ques-

tion with the definition of L. Bruce Archer: “Design

researchis systematicinquiry whose goalis know|-

edge of, orin, the embodiment of configuration,

composition,structure, purpose,value,and mean-

ingin man-made things and systems.”

Inthis paper, looking at design research from
the design methodology and design science per-
spectives restricts our view in a sense that is nec-
essary forsuch atopic. The objectives of design re-
searcharethe study, research, andinvestigation of
the artificial made by human beings, and the way
these activities have been directed eitherin aca-
demic studies or manufacturing organizations.
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NIGAN BAYAZIT

What s Design Research?
This paperwill starttoanswerthe above ques-
tion with the definition of L. Bruce Archer: “] h
is systematicinquiry whose goal is knowledge of, orin, the
embodiment of configuration, composition, structure,
purpose, value, and meaning in man-made things and

In this paper, looking at design research from
the design methodology and design science per-
spectives restricts our view in a sense that is nec-
essary forsuchatopic. Designresearchtriestoan-
swerthe obligations of design to the humanities:

a.Designresearchis concerned withthe phys-
icalembodiment of man-made things, how these
things perform their jobs, and how they work.

b.Designresearchis concerned with construc-
tionasahuman activity, how designers work, how
they think,and how they carry out design activity.

c. Design research is concerned with what is
achieved at the end of a purposeful design activ-
ity, how an artificial thing appears, and what it
means.

d. Design research is concerned with the em-
bodiment of configurations.

e. Design research is a systematic search and
acquisition of knowledge related to design and
design activity.

The objectives of design research are the study, re-
search, and investigation of the artificial made by human
beings, and the waythese activities have been directed ei-
therinacademicstudies or manufacturing organizations.

As Simon indicates, we can call overall activities
of design research, “the sciences of the artificial”’.
Some oftheart, craft,and design people call what
they doforartand design “research”. That kind of
researchis notthe subject of this paper.Anartist’s
practicingactivities when creatingaworkofartor
a craftwork cannot be considered research. Yet it
is possible for an external observer to do research
into how an artist is working on his or her work of

arttomake a contribution tothe common knowl-
edge. These can be observable phenomena. As
Christopher Frayling’ says, “Research through art
and design is less straightforward, but still iden-
tifiable and visible”, consisting of materials re-
search, developmental work, and action research.
Architects and engineers have applied these defi-
nitions of design research since the 1960s.

All design research reports are related to the
history or past activity of the subject area under
study. Studies of the present are part of the past
because every research report has to prove its

rootsinthe past. Iwill try toidentify some instances of the
state oftheartfrom someresearch papersaswellas books

ondesign research. This paper will provide a sum-
mary of designresearch history concerning design
methods and scientificapproaches to design.

Many writers® have pointed to De Stijl in the
early1920s as an example of the desire to “scien-
tize” design. The roots of design research in many
disciplinessincethe1920s are within the Bauhaus,
which was established as the methodological
foundation for design education. After the Bau-
haus closed, most of the staff moved to the U.S.,
Britain, or Russia, where they were well accepted
and took the Bauhaus tradition to other institu-
tions. Moholy-Nagy moved to the U.S., where he
finally became the director ofthe “New Bauhaus”,
which becamethe Institute of Design atthelllinois
Institute of Technology in 1949. Gropius went to
Harvard,and broughtanewlineofthoughttothat
side of the U.S. Le Corbusier described the house
as an objectively designed “machine for living”.
Heenvisioned a desire to produce works of artand
design based on objectivity and rationality. Dur-
ing this same period, Buckminster Fuller sought
to develop a “design science” that would obtain
maximum human advantage froma minimal use
of energy and materials.In1929, he called his con-
ceptof design “Dymaxion” or “4-D”.

Role of Design Methods
in Design Research

Main sources for the history of design meth-
ods and design research can be found in various
publications. Some historical reviews of design
methods have been written by Geoffrey Broad-

L. B. Archer, “AView of the Nature of the Design Research” in Design: Science: Method, R.Jacques, J. A. Powell, eds. (Guilford, Surrey: IPC

Business Press Ltd., 1981),30-47. L. Bruce Archer gave this definition at the Portsmouth DRS conference.

H.A.Simon, The Sciences of the Artificial (Cambridge, MA: MIT Press, Third Edition, 1999).
C.Frayling, “Research in Artand Design”, Royal College of Art Research Papers 1:1(1993/4).
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AsJacques Barzun and Henry F. Graf indicated in their book, Modern Arastirmaci (translated into Turkish from the Modern Researcher),
(Ankara: TUBITAK,1993).

Nigel Cross, “Designerly Ways of Knowing: Design Discipline Versus Design Science” in Design Plus Research, Proceedings of the Politenico
di Milano Conference, Silvia Picazzaro, Amilton Arruda, and Dijon De Morales, eds. (May 18-20, 2000), 43-48.
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bent®, Nigel Cross’*®, Vladimir Hubka and Ernst
Eder”, Nigan Bayazit", Margolin and Buchanan”,
invarious conferences”*""*.

HorstRittel” made the following statementin
aninterview:

“The reason for the emergence of design
methods in the late '5sos and early "60s was the
idea thatthe ways in which the large-scale NASA
and military-type technological problems had
been approached might profitably be transferred
intocivilian or otherdesign areas”.

After World War II, the new techniques that
had been used in the design and development of
arms and wartime equipment, and the methods
and techniques used in developing many new
inventions, attracted many designers. Creativity
methods were developed mainly inthe U.S.in re-
sponse to the launching of the first satellite, the
Soviet Union’s “Sputnik,” which caused the Ameri-
can government to free up quite a lot of money to
do research on creativity™®°™.

During the 1960s, it became evident that design-

ers no longer could rely solely on their ability to fo-

cus upon the product as the center of a design task:.

21

Due to technological developments and the
implications of mass production, interest had
to be shifted from hardware and form to the
consideration of human needs. This required
a new look at the subject of design methods”.
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First Generation Design Methods

Theinfluence of systems analysis and systems
theory on design established the grounds for the
foundation of “systematicdesign methods”, which
Horst Rittel” later called “first generation design
methods”. The Conference on Design Methods,
whichwasorganized by J.C.Jonesand D.G. Thorn-
ley”, was the first scientific approach to design
methods in England. The methods proposed at
that conference were simplistic in character. Ev-
eryone was systematizing his orherownapproach
to design, and externalizing it as design method.
Morris Asimow, a chemical engineer, wrote the
book Introduction to Design, published in 1962,
aboutengineeringdesign. L. Bruce Archer, the pre-
vious HfG teacher, became the head of the Design
Research Unit in the Royal College of Artin 1964,
and published his book Systematic Methods for De-
signers in 1965. His method was based on critical
path analysis, a model of operations research, and
gavedesign research examples. These publications
can be considered pioneering examples of design
methods and scientificapproaches todesign.

The first Ph.D. thesis in design methods by
Christopher Alexander™”, entitled “Notes on the
Synthesis of Form”, brought new ground in archi-
tecture.S.Chermayeffand C.Alexander”® dedicated
their book, Community and Privacy, to Walter Gro-
pius.ltapplied “patternlanguage”, usingthe same
approach as Alexander in his Ph.D. thesis. Alexan-
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der tried to split the design problems into solvable
small patterns by applying information theory. He
sorted out those that interacted with each other,
andsolvedthe problemsofeach group by drawinga
diagraminwhichtheinteractions—eitherfitormis-
fit — of user requirements were resolved between
the components withinand among patterns.

In 1965, Sidney Gregory's” paper, included in
The Design Method proceedings of the conference
he organized in Birmingham, defined for the first
time the concept of “design science”. That confer-
ence contained papers on design research, as well
as the design methods used in different engineer-
ing disciplines. The late Nobel laureate Herbert A.
Simon from Carnegie Mellon University, invited
to deliver the Karl Taylor Crompton lectures at
the Massachusetts Institute of Technology in the
springof1968, used this opportunityto presentthe
thesis that had been central to his research. It was
published under the title The Sciences of the Arti-
ficial that same yearzs, He proposed applying the
extensive scientificapproachtothesciences ofthe
artificialineconomicsaswellastoengineeringand
other disciplines, in which the design of the artifi-
cialisthe subjectofits own discipline. The artificial
hereincludesallkinds ofthe man-madethingsand
organizations.Heand his colleagues presented ar-
tificial intelligence (Al) in design at Carnegie Mel-
lon University.

During that period, research approaches to
design became common in Europe and the U.S.
The conference/course, “The Teaching of Design —
Design Methods in Architecture”, was held in HfG
inUImin April1966, and following that at the 1967
Design Methods in Architecture Symposium™ held
in Portsmouth. Organized by Geoffrey Broadbent
and Anthony Ward, the symposium looked at the
design research approaches to design.

Broadbent commented on the symposium as
follows:

“The 1967 Symposium was held at a particular
moment in history when general change in con-
sciousnesswastaking place of the kind which Kuhn
(1962) would have called paradigm shift. This was
having profound effects on society and on social
organizations in general including - which is im-
portant for us - the role of the designer in society™.

Design methods people were looking at ratio-
nalmethods ofincorporating scientifictechniques
andknowledge intothe design process to make ra-
tional decisions to adapt to the prevailing values,
something that was not always easy to achieve.
They were attempting to work out the rational
criteria of decision making, and trying to optimize
the decisions.

Somedesignersthoughtthattheirapproach-
eswere a waste of time. This view was not exactly
true. The design problems in architecture and in
engineering after World War Il were severe. The
postwar diminished male labor force was a very
importantinfluence,and required new production
methods,and new designs to meetthe new needs
of the society in Europe and in the U.S. The Cold
War with the Eastern Block countries gave impe-
tus to new human requirements, with scientific
approaches to design in this new era generated
from political decisions.

As Broadbent™ said after the Portsmouth
Symposiumin1967,

The Symposium had been set up by Tony Ward to in-

clude a specific confrontation between those whom he

saw as behaviorists, representinga mechanized, quantified

view of designandthose (including himself) he saw as exis-

tentialist/phenomenologist (formerly Marxist) concerned,

above all, “with the humanness” of human beings.

His “behaviorists” included Bruce Archer; Tom
Markus above all; Ray Struder, whose very title
“The Dynamics of Behavior-Contingent Physical
Systems” summarized what they were all about.
Design was to be “scientific” — Struder was look-
ing for a “unit of analyses in design measurable,
in his words, against dimensions that are both
relevantand empirically accessible”. The designer
has to start by analyzing human behavior, from
which he could derive “quantities, qualities, and
relationships”.

Meanwhile, a design methods group was es-
tablished at the University of California, Berkeley
in1967, and began to publish a newsletter called
Design Methods Group (DMG) Newsletter”. This
newsletter provided information about research
in progress, as well as publications in the fields of
design research covering planning, architecture,

1 S.A.Gregory, ed., The Design Method (London: Butterworth Press, 1966.

8 H.A.Simon, The Sciences of the Artificial,1 (Cambridge, MA: MIT Press, 1968).

29 G.Broadbentand A.Ward, eds., Design Methods in Architecture (London: Lund Humphries, 1969).
3 G.Broadbent, “The Morality of Design” in Design: Science: Method (1981), 309-328.

3 G.Broadbent in Design: Science: Method (1981): 309.

32 (DMG) Newsletter, published by Sage Publications. Gary Moore was the editor of the firstissue of the second volume; andJ. C. Jones, Mur-
ray Milne, Barry Poyner, Horst Rittel, Charles W.Rush, and Henry Sanoff were the Editorial Committee. C. Alexander, M. Starr, G. Nadler,
W.lIssard, M. B. Teitz, and B. Harris were among the members of the Review Committee for the new publication.
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andindustrial design mainly fromthe U.S.and UK,
but seldom from Europe.

In June 1968, the DMG International Con-
ference was organized at MIT. The purpose of
the conference was identified in the “DMG De-
sign Methods Group Conference Purpose and
Program””leaflet:

“TheFirst AnnualInternational Conferenceisa
research conference in the theory and application
of design, planning, and engineering methodol-
ogy.The purpose of the conference is twofold: first
to provide a format for researchers to present
their current work for evaluation from their peers
and, second, to encourage dialogue between the
researchers and the practitioners who are inter-
ested in the application of this work. Because the
conference is directed both at the researcher and
the practitioner, the responsibility for the level of

communication lies with the speaker”.

In1973, The Design Activity International Con-
ference in London, in1977, the California-Berkeley
Design Methods in Action Conference,andin1976,
the Portsmouth Changing Design Conference all
were indicators of the interest by designers and
neighboring disciplinesin design research.

In West Germany in 1970, the Institute for
the Basis of Modern Architecture (Institute fur
Grundlagen der Modernen Architektur) began
to produce a series of publications called Studies
Related to Planning Methods (Arbeitsberichte zur
Planungsmethodik). These studies were following
the design methods movement in the U.S. and
UK35363738'

In the '70s, two leaders who were pioneers
of design methodology announced a manifesto
against the design methodology of the era. Chris-
topher Alexander” said:

“The odd thing is that people have lost sight
completely of this objective. They have very defi-
nitely lost the motivation for making better build-
ings. | feel that a terrific part of it has become an
intellectual game, and it’s largely for that reason
that I've disassociated from the field. | resigned
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from the Board of Editors of the DMG Newsletter
because | felt that the purpose which the maga-
zine represents is not really valuable, and | don’t
want to be identified with them”.

3

Eventhough he rejected the idea of design methods,

he continued to apply his own pattern language to design

problems and user design participation utilizing ready-

made patterns, in various places of the world.
Although he wrote the first comprehensive book,
which comprised almost all of the methods rel-
evanttodesign uptothe1g7os, ChristopherJones
first refused to be a professor of design discipline
atthe Open University, and then rejected design
methods in the first issue of Design Methods and
Theories Journal in 1977. He explained that his re-
jection aimed at the computer use, behaviorism,
and continued attempts to fix all of life into logi-
cal frameworks*. He moved into another field of
design, literature.

People like Churchman had warned at least
eight or ten years earlier of the consequences of
the illegitimate simplifications of the first gen-
eration design techniques. But the reaction had
led to a kind of unintentional self-elimination.

The first-generation design methodology had turned into

asortofacademicsubculture”.

Second-Generation Design Methods
Herbert Simon, in his book The Sciences of the
Artificial, defined design problems as “wicked”
problems, forwhichfindingappropriate solutions
was very difficult and each solution to a problem
created new problems to be solved. Reactions
againstdesign methods by Christopher Alexander
surprised newcomerstothefield. HorstRittel, call-
ing the paradigm shifts in design “generations”,
saved the design methods, according to Nigel
Cross*™ in his article. Horst Rittel’s proposal of the
idea of generations for design let newcomers find
new ways forthemselves. First-generation design
methods were simplistic, not matured enough,
and not capable of meeting the requirements of
complex, real-world problems. The design meth-

33 DMG Design Methods Group, “First Annual International Conference Purpose and Program,” MIT (Cambridge, MA: June 2-4,1968).

34 1bid.

35 Siegfried Maser, Horst Rittel, Jirgen Joedicke, Hans-Otto Shulte, John Luckman, West Churchman, Horst Hofler, and many others were

among the writers of these publications.

351GMA, Arbeitsberihte zur Planungsmethodik 1: Bewertungsprobleme in der Bauplanung (Stuttgart/Bern: Karl Kramer Verlag,1970).
37IGMA, Arbeitsberihte zur Planungsmethodik 4: Entwurfsmethoden in der Bauplanung (Stuttgart/Bern: Karl Kramer Verlag, 1970).

38 IGMA, Arbeitsberihte zur Planungsmethodik 6: Nutzbeteiligung an Planungprozessen (Stuttgart/Bern: Karl Kramer Verlag, 1972).

39 C.Alexander, “State of Art in Design Methodology: Interview with C. Alexander” DMG Newsletter (March 1971): 3-7.

40).C.Jones, “How My Thoughts about Design Methods have Changed During the Years,” Design Methods and Theories: Journal of DMG

and DRS 111 (January—March, 1977).
4 H.Rittel, The DMG sth Anniversary Report (1972).

42N. Cross, Design Methodology and Relationship with Science (1993).
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odologists weretryingtoapply OR models and sys-
tems theory to design problems in a very abstract
way forevery problem. Thefirst-generation design
methods were formulated and applied by scien-
tists and designers. The objectives of the design
problem also were identified by them during the
design process, which caused rigidity in design de-
cisions and unexpected failures. These simplistic
methods were necessary at the beginning.

Horst Rittel proposed new argumentative
methods as “second-generation design methods”.
His methods, argumentative method, and IBIS
(Issue Based Information System) were problem
identification methods, which were influenced by
the British philosopherKarl Popper. These second-
generationdesign methods begantocompensate
forthe inadequacy of the first-generation design
methods. User involvement in design decisions
andtheidentification of their objectives were the
main characteristics of the second-generation de-
sign methods. User participation was a new dem-
ocraticapproach paralleltothe prevailing political
movements of the era. The Design Participation
Conferencein Manchesterwas organized by Nigel
Crossin1971. Asindicated by Bayazit™*.

User participation to P&D is a very wide and
comprehensive subject, with its political, ideologi-
cal, psychological, managerial, administrative, le-
galand economical aspects in relation to various
countries. The concept of user participation is as
wide and variable as that of democracy.

study.Inthe U.S.in19og and 1917, Gilbert’s motion
study was based on the intelligent observation of
people at work. Through the end of World War |,
the equipment and machines in factories used by
the war industries were relatively unsophisticat-
ed. During that war, new kinds of weapons such
as aircraft and tanks came into widespread use,
and were designed for mechanical efficiency. The
first research studies focused onthe design of air-
craft toimprove the performance of the product.
Throughout the1920s, industrial fatigue research
became the most important subject. Volkswa-
genwas another initiator of performance studies
aimedatincreasingthe efficiency of the carforthe
German public.In1937, Volkswagen soughtto pro-
ducecheapaswellas physically powerfuland long-
lasting cars. Thousands of repeated performance
testsinfluenced theirengineeringas well asindus-
trial design, and inspired the development of new
and unusual designs. It became a good model for
the design of cars and a host of other products.
Facing social and economic problems after
World War II, and for the purpose of solving com-
plex design problems and meeting user require-
ments, the fact of design was considered as a
problem-solving and decision-making activity.
The scientific developments during World War Il
made great contributions to the solutions of de-
sign problems, especially in the engineering dis-
ciplines. Multidisciplinary teams were set up con-

sisting of engineers, industrial designers, psychologists,

physiologists,and above all, statisticians. Especiallyonthe

The success of the participatory design process de-

engineering side after the war, it was necessary to move

pended on the designer’s awareness of user values, and

faster and faster to reconstruct Europe from its rubble.

obliged professionals to collaborate with social scientists

as well as anthropologists to carry out design research.

There were some obstacles in the application of
participatory design in larger-scale projects, such
asthoseinurbanplanning.

Development of Scientific
Research in Design

In the manufacturing industry, design has
been formally acknowledged as a separate activity
foratleastthe last 150 years. From the beginning
of the twentieth century, the concept of design
systemsand operations wasfamiliartothe people
who developed and used the methods of work-

Cybernetics developed during the war by Norbert
Wienerasthescienceof managementbecamethe
modelforrational behavioremployed in econom-
ics, and obtaining information and making deci-
sions using computer systems®. Consequently, cy-
berneticsinfluenced many design methodologists
and design theoreticians. Design theoreticians
such as L Bruce Archer*® and Gordon Pask*’ saw
the similarities between designers’ design behav-
ior and the organisms’ self-control systems, and
developed their own theories accordingly.

The study of human performance and man-
machine relationship developed great momen-
tum. Ergonomics and work-study were well

4 Cf.G.Friedman, La Crise du progrés, Paris, 1936, p.138

4 N.Bayazit, (Guest Editor of theissue), Papers: Architectural design. “Interrelations among Theory, Research, and Practice,” Design Meth-

ods and Theories13:3/4, (1979).

45 H.A.Simon, “Rational Choice and the Structure of the Environment,” Psychological Review 63 (1956): 129-138.
46 L. B. Archer, Systematic Methods for Designers (London: The Design Council, 1965).
47 G.Pask, “The Conception of a Shape and the Evolution of a Design”inJ. C.Jones and D.G. Thornley, eds., Conference on Design Methods

(Oxford: Pergamon Press, 1963).

45

46 47

48

49

known by many people, and applied to designs
during the war. Scientific management gave
workers a healthier environment, and introduced
new designs of office furniture, thereby improving
workercomfort. Changing postures with furniture
reduced fatigue, and made workers happier and
more efficient.

As Broadbent*said: “After the war, it became

necessary, therefore, to identify their combined interest

in such a way that they could continue to contribute to it

witharealsense of purpose.So,in1949, Murrell and others

arranged an interdisciplinary meeting of anato-
mists, physiologists, industrial medical officers,
industrialhygienists, design engineers, architects,
illuminatingengineers,and soon,outofwhichthe
Ergonomic Research Society was formed”.

These experiences stimulated interest in de-
signresearchinthe1950s.

Cornell University, MIT, the University of Syd-
ney, Carnegie Mellon University, and the University
of Californiawere the centersforthis development
line, especiallyinthe design science and computer
aidstodesign by the leading theorists*. One of the
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first social research studies was conducted at the
Cornell University Agricultural Experiment Station
on one-thousand army personnel to investigate
hygienic behaviors and attitudes™. That was fol-
lowed by one of the ergonomics as well as cultural
studies on bathroom and sanitary fixtures, which
was conducted by AlexanderKira®,and influenced
the sanitary fixture market with its new approach
to human body and cleanliness concepts all over
theworld, startinginthe U.S.and the UK™. Cultural
anthropology and its influence on design began
during the 19505”**%*. In the UK, the application
of social psychologytodesign started inthe1960s”
#59% |n Sweden, various ergonomics studies were
made on housing, especially on bedrooms and oth-
er home spaces” %% In the UK, Loughborough
was another center for scientific research related
to ergonomics. At the Royal College of Art, Misha
Black and L. Bruce Archer were doing extensive
design research for industry. In his book, L. Bruce
Archer® mentions research work on hospital beds
that derived from work-study observations in the
“Design of Hospital Bedsteads”™ .

The Environmental Design Research Asso-
ciation (EDRA) was founded in 1970, and the first

75
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48 G.Broadbent, Design in Architecture (London: John Wiley and Sons, 1973), 115.
49 Leadingdesign researchers of the era were Peter Cowan atthe University of Sydney, Herbert A.Simon and Alan Newell at Carnegie Mellon
University, and Horst Rittel at the University of California at Berkeley.
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M.Langfort, Personal Hygiene Attitudes and Practices in 1000 Middle-Class Households (Ithaca, New York: Cornell University Agricultural

Experiment Station, New York State College of Home Economics, 1965).

4
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E.Berglund, Bord (Stockholm: Svenska SI6jdféreningen, 1957).
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Method for Designers” (1965).
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EDRA conference was organized by Henry Sanoff
thatsameyear,and continued annually, mainlyin
the U.S. Their research topics were concentrated
onevaluative studies of architectureand environ-
mental planning. The first collaborative studies
for the investigation of user requirements were
made by sociologists, psychologists, social psy-
chologists, and design professionals, and began
to develop research methods for the artificial.
Also man-environment research (MER) began in
various universities in the U.S., and new journals
such as Environment and Behavior and the Journal
of Architectural Planning and Research beganto be
published in the United States. Sometime later in
Europe, the International Architectural Psychol-
ogy Society (IAPS) was established, and served as
the European counterpart of EDRA and MER.

Meanwhile, the Design Research Society
(DRS) was founded in London in April 1966. De-
sign Methods Group (DMG) and DRS started to
publishthe DMG-DRS Journal instead of the DMG
Newsletter until 1979, when DRS started the De-
sign Studies journal, edited by Nigel Cross since
then. In1980, the Design: Science: Method Confer-
ence was organized at Portsmouth, in which de-
sign research and the contribution of science to
designwere the subjects of discussion. The confer-
ence organizers put forward the question toall of
the members of the Design Research Society, as
did L. Bruce Archer in his paper in the conference
entitled, “What Is Design Research that It Is Dif-
ferent from Other Forms of Research?”®. At that
same conference, the author of this paper pre-
sented the existing situation in design research.
That paper was published in Design Studies®. We
tried to categorize the research areas in that pa-
persuch as profession-based theories, user-based
theories, user-profession-based theories, theories
dealing with building appearance, and theories
dealing with the profession. Also, fundamental
design research tools and techniques up to that
time were classified in the same paper. The De-
sign Policy Conference brought togetherincreas-
ing numbers of design researchers in1982 at the
Royal College of Art. That conference was the most
comprehensive one of that period. The influence
of British philosopher Karl Popper showed itselfon
the designtheory building and scientific formula-
tions of design research.

Four years later, between 1986 and 1993, the
Institute of Design (ID) at the Illinois Institute of
Technology began to issue the Design Processes
Newsletter, edited by Charles Owen. That newslet-
terwas concerned with design research approach-
es of ID, design management, and design policy.

It contained articles on a variety of topics of interest to

thedesign community. They were presenting the projects

andtheresearch works of theirfaculty,asaleadingdesign

research institution inindustrial design in the world.

Inthe meantime, in official government orga-
nizationsandinotherinternational organizations
such as National Bureau of Standards inthe U.S,,
CSTB in France, the Building Research Station in
England, the Center International de Batiment
(CIB)in Holland, Government Research Centersin
Sweden and Denmark, and in many other coun-
tries, userrequirement studies beganinthe1960s
and continued up the 1980s. Research in Europe
concentrated on housing designand performance
problems, because there stillwas a greatshortage
of housing in Europe after World War ll, and the
prefabricated buildings were indispensable.

Prefabricated building design, and research
on the coordinated building elements and the
building layout optimization, were well-accepted
research subjects in the universities as well as in
the research centers. Building performance stud-
ieswere initiated in government research centers
and universities, mainly in engineering design,
applying scientific methods todesign problems in
new housingconstruction.Various environmental
characteristics of housing were subject to evalua-
tion in these studies. In the U.S., during the Cold
War, the government supported environmental
studies on topics such as windowless buildings,
and school environmental research (SER)”. Start-
inginthe1960s, research areas such as acoustics,
heattransfer,and climaticcomfortinarchitecture
were well accepted, and continued to develop.

Researchers began to produce interactive
computer graphics systems. Wireframe and po-
lygonal modeling schemes were developed. Mos-
ley” developed one of the first layout optimization
programs for hospital operating units. Beginning
in the 1970s, computer scientists became inter-
ested in systematic design methods and design
science. They weretryingto programandevaluate
building performance to justify scientific design

68 L. B. Archer, Design: Science: Method (1981).

69 N.Bayazit, N.Esin, and A. Ozsoy, “An Integrative Approach to Design Techniques,” Design Studies, 2:4 (1981).
7° C.T.larson, ed., SER2: School Environmental Research, University of Michigan (1965).

7 L .Mosley, “ARational Design Theory for Planning Buildings, Based on the Analysis and Solutions of the Circulation Problems,” The Archi-

tects’Journal, (September11,1963): 525-537.
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decisions. At the National Bureau of Standards in
the U.S. thefirstinternational Congress on Perfor-
mance Conceptin Buildingwas organizedin1972.
It brought a new perspective to design research
in architecture. Thomas A. Markus” and Thomas
Maver had been working on building performance
at Strathclyde University. Thomas Maver, a com-
puter-aided design programmer, started to work
on the programming of environmental building
performance evaluation programs. Also, Peter
Cowan established the building research center
at the University of Sydney in Australia. Building
science and computer-aided design were well de-
veloped by the end of1960s, and the beginning of
1970s. They still are leaders in the field of artificial
intelligence in design”™"*"°. On the engineering
side, Morris Asimow”, Thomas Woodson”, Vladi-
mir Hubka”™ *, Vladimir Hubka and Ernst Eder™®
introduced a new generation of systematic design
methods. As Vladimir Hubka and Ernst Eder wrote:

“Thefirst evidence of change originates from
the period of the Second World War,and fromthe
reconstruction and construction period. [What]
were the particular features of these situations
which have caused the need for improvements?
Onone hand [there was] an unusual pressure to-
ward performancein a highly developed industry,
especially new and very demanding needs.... Up
to [the] year1967, we could only find some widely
scattered and isolated groups or individual ex-
perts who proposed [a] certain solution for [the]
improvement of [the] design work.

The next period after about 1967 until today
and especially in the seventies, can be labeled as
the prime time for the initial development of de-
sign science”.

Vladimir Hubka organized the first Interna-
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tional Conference on Engineering Design (ICED,
aseries since 1981) in 1967. Vladimir Hubka estab-
lished “Workshop-Design-Construction, WDK”,
and called their approach “design science”, which
we can call a theoretical scientificapproach to en-
gineering design methods. They were the repre-
sentatives of the European engineering designers.
Intheir own words, they differentiate themselves
from English-speaking researchers:

“Continental Europeans tend to being out-
ward-looking and trans-national, but also more
formal and systematic; English-speakers tend to
become more insular and isolationist, with any
“foreign” language as a perceived cultural bar-
rier, but also more intuitive and casual, and less
formal”®,

Vladimir Hubka and Ernst Eder both spent
several years in industry, working and/or leading
design teams. They defined design science in the
same book as: “The term ‘design science’ is to be
understood as a system of logically related know!-
edge, which should containand organize the com-
plete knowledge about and for designing”.

English—-speaking engineering design meth-
odologists were Morris Asimow®, John Christo-
pherJonesSS, Nigel Cross™, L. Bruce Archer”, T.T.
Woodson®®, Stuart Pugh®, David Uliman®, and
many others.

Inthe U.S.in1984,Nam Suh, whowasthenthe
assistant director for engineering at the National
Science Foundation (NSF), created the Design The-
ory and Methodology Program. Among his goals
in creating this program was developing a science
of engineering design and then establishing de-
sign as an accepted field of engineering research.
From 1986 to 1988, this program was directed by
Susan Finger, followed by Jack Dixon”"
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Some of the design researchers and design
methodologists were working in the field of com-
puter-aided design, and developingtheir methods
inrelationtoarchitecturaland engineeringdesign
problems, applying the models of OR and systems
analysis. These approaches caused some problems
in the fields of design methodology and design
research, because they were thought to be too re-
strictivein nature.

There was a close relationship between de-
signresearch and the developmentsinthe IT field,
especially in cognitive sciences, and “artificial in-
telligence” (Al) and expert systems. Marvin Min-
sky”*”was one of the leaders in the application of
cognitive science to Al. Studies on Al researchers
affected the development of studies on designers,
as experts. “Think-aloud” techniques and “proto-
col analysis”* were adopted by designers. Charles
Eastman”was acomputer-aided design practitio-
ner as well as a design theoretician. He published
anarticlerelatedtointuitive bathroomdesignand,
forthe firsttime, focused on the designer’s behav-
jor.Donald Schéngsatl\/\ITopened anew paradigm
in design research, and his book, Reflective Practi-
tioner, did not seem to relate to computer science
atfirst, butit actually was about the designing be-
havior of expert designers.

Immense efforts have been made, mainly by
the scientists somehow related tocomputer-aided
design,inthe development of the cognitive aspects
of expert designers all over the world® > %'
One of the first contributions to this field was by
Omer Akin'’, at the 1978 “Architectural Design: In-
terrelationsamong Theory, Research and Practice”
conference'® ™. His Ph.D. thesis, “Psychology of
Architects””, at Carnegie Mellon University was
one of the recognized research works and first
publicationsin this field.

1980s and 1990s opened a new era in design
research.Many U.S.departments of design began
to establish new academic research units, which
were brought about from the government’s
release of funds on design research, and the en-
couragementand demand by American industry.
The “Ohio Conference on Doctoral Education in
Design” in 1998 was one of the first research ap-
peals to education in design (in industrial design
and in graphic design) in the U.S. According to
Buchanan:

“The Proceedings of the Ohio Conference on
Doctoral Education in Design focus on the nature
and current state of doctoral education in design
around the world. This volume explores the foun-
dationsofdesignasafield ofinquiry, therole of re-
search in alternate models of doctoral education,
the relationship between doctoral education and
professional practice, and other issues that are
centraltothedevelopmentofdesignasanemerg-
ingfield of investigation.Included are discussions
of many existing and planned doctoral programs
around the world”"™.

Significant growth in all areas of design re-
search took place during the 1990s.

demands on design research, and the new educational

confrontations for restructuring knowledge changed the

contextof design. Universities around the world are devel-

oping models of doctoral education in design. Philosophies

andtheories of design are popular subjects for discussion.

Foundations and methods of design research are being re-

evaluated. The form and structure for the doctorate in de-

sign still is under development. The relationship between

practice and research in design has become an important

focusing topicamong the academic as well as the profes-

sional communities,
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Conclusion

The history of design research with reference
todesign methodologies, aswellas design science,
is a wide and comprehensive subject that needs
additional extensive research. Only a brief review
of research history onthis relatively newdiscipline
ofdesign has been covered here. Generally, articles
and book chapters concerning state-of-the-artre-
views, the history of the discipline, or original con-
ference proceedings and other documents were
used inthis paper.

Design research and its relevance to design
methodology, as well as scientificresearch, arere-
viewed. Most design research studies were made
in architecture because of the requirements of
the societies after World War Il. Scientific devel-
opments during the war, and the shortage of
resources in postwar societies obviously neces-
sitated and gave impetus to the creation of new
ways to solve existing problems. Future studies in
various design disciplines may benefit from the
experience and progress in disciplines concerned
with building as well as engineering.

Here, I tried to look at design research and its
relevance to design methods and design science
from a Turkish perspective. Mutual influences of
information technologies and design research
were the requirements of the era, although that
is not mentioned in many relevant publications.

Another area of studying design research is the utilization
of the methods of disciplines in such areas as psychology,
social psychology, management, economics, semantics,
E .Here,only main starting points have been
indicated concerning the various disciplines.

Epilog
Academicsin Turkey were followingthe devel-
opmentsinthe UKand U.S.ondesign methodolo-
gy andthescientificapproachestodesign because
the Ph.D.was an obligatory stage of academic life
bylawineveryfield—eveninarchitectural design.
Consequently, the Architectural Design Methods
Chairwas established in the ITU Faculty of Archi-
tecture in 1973. In Turkey, architectural design
methods was recognized by the National Central
Authority of Universitiesasanacademicdiscipline
thatsameyear. Thefirstinternational conference
on design in Turkey, “Architectural Design: Inter-

COLLECTION - #2 + FALL 2010

relations among Theory, Research, and Practice”,
was held at ITU in 1978 in collaboration with DRS
from the UK. Selected abstracts'™ and papers'™ of
this conference were published in the U.S. journal
Design Methods and Theories. Even though it must
be confessed that the idea and the intention were
very good, the conference received few papers con-
cerned with design research and its relevance to
design practice; but it gave an impetus to further
Ph.D.studiesinarchitecture.

In 1982 in Turkey, the First National Design
Conference also was organized in the ITU Faculty
of Architecture™”. It was the first national design
conference in Turkey covering the disciplines of
architectural design, engineering design, and in-
dustrial design.
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As a PhD graduate from Arts et Metiers

ParisTechin 2008, | headedtoJapanforatwo-year

post-doctoral project on design cognition andcre-

ativity at the University of Tokyo. When | describe

my current research project, “Studying Design Cre-

ativity”, lam often asked by Japanese people why|

chosetoworkintheircountry.Infact, theJapanese
aresstill not convinced that they can be as creative
as peopleinthe West! But the reasons for coming
to the Land of the Rising Sun are obvious: Japan
pioneered research in design science and is still a
fascinating place for anyone interested in design.
Collection reports my experience as a young de-
signresearcherinJapan.
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CELINE MOUGENOT

As a PhD graduate from Arts et Metiers
ParisTechin 2008, headed toJapan foratwo-year
post-doctoral project on design cognitionand cre-
ativity at the University of Tokyo. When | describe
my currentresearch project, “Studying Design Cre-
ativity”, lam often asked by Japanese p
chosetoworkintheircountry.Infact,

arestillnot convinced thattheycanbeas creatlve as people
inthe West! But the reasons for coming tothe Land of the
Rising Sun are obvious:Japan pioneered researchindesign
soenceand isstillafascinating placeforanyoneinterested
n. Collection reports my experience as a young de-
sign researcherinJapan.

Background in CAD consulting

Iwasfirsttrained asa designengineeratINSA
Lyon and hired by Dassault Systemes, the leading
producer of computer-aided design (CAD) soft-
ware worldwide. This position consisted of pro-
viding design professionals with methodological
best practices for CAD, depending on their design
specialty and skills, e.g. industrial design. But at
that time, designers had to adapt to the compli-
cated software components that were developed
by computer engineers, who were fairly ignorant
of the design process. Besides, CAD-software was
mainly used in routine design tasks and design-
ers’ creativity was not really supported by these
computer-tools.

Visiting Studentin Japan
To better understand the creative design
process, | specialized in design research through
amaster’sprogramindesignatthe Technological
University of Compiegne (UTC), France. Supervised
by Anne Guenand, my research project aimed at
designing an interface for a music-file browser, based on
affective computing, tangible interaction principles, and
kansei engineering. The goal was to involve the users in
an interactive and tangible user experience and thus to
elicit a high-level of emotional response. This project was
finalized during a 4-month stay at Chiba Institute
of Technology in Japan, thanks to an exchange

agreement signed by the French and Japanese
universities.

A presentation of this project was given at
an international design conference in Taiwan'.
Research conferences are exciting events where
severaldaysarededicatedtolisteningto presenta-
tions, meeting renowned specialists fromall over
the world and discussing ideas with people who
share the same research interest. The participa-
tioninthis conference reinforced my willto pursue
acareerindesign research.

PhD Thesis in Design

From January 2006 to December 2008, |
carried out my PhD research at Arts et Metiers
ParisTech, under the supervision of Pr. Ameziane
Aoussat and Pr. Carole Bouchard. The context of
my research was “TRENDS”’, a project funded by
the European Union with a 2,5 M€-budget. Sev-
eral academic and industrial partners from vari-
ous fields such as design, psychology of design or
computer science were joining forcestod Jel

trieval software similarto Google, but specificallyaimed at

supportinginspiration in design (unlike Google).

Designing products isahuman activity which
involves specific cognitive skills, subjectivity, and
emotions. In order to support designers’ creativ-
ity, design tools have to be developed with a deep
knowledge of designers’ cognitive activity and
cognitive specificities.

In fact, to stimulate their creativity, most de-
signers collect images of precedents, i.e. existing
artifacts; however, thelink between these images
andthe design concepts proposed by designers is

still not really understood. Investigating this creative pro-

cess brings not only insight on design activities, but also

insight on human creativity in general.

In practice, the project consisted of observa-
tions, interviews, and “experiments” with profes-
sional designers at FIAT and Stile Bertone in Italy.
Theresearch hypothesis wasthatimages could be
categorized into sectors, i.e. types of product (au-
tomotive, fashion, architecture...). Remote sectors,
i.e. sectors far from the designer’s own specialty,
would lead tofruitfulanalogies and better support
creativity than images showing products from
the designer’s own field. To quantify the impact

' IASDR (International Association of Societies of Design Research) is one of the main international conferences in design, it is organized

every 2years (next IASDR conference in 201m).
2 Trends Research Enabler for Design Specifications.

of inspirational images, designers’ sketches that
came out of the creativity session were assessed
by design experts based on their level of novelty
and practicality.

Oneofthe mainfindings was that Vi
ration from remote sectors allowed designers to provide
more creative design solutions than inspiration from their
r. This output was implemented in the develop-
ment of TRENDS image-search software, through
animagedatabase structured into sectors.

Post-DocResearchinJapan

Foraboutadecade, therehasbeenanincreas-
inginterestin design cognition and design think-
ing. It is now widely recogmzed that designing is
a unique human activity and sc

design not only helps to support design practice and edu-
cation butalsobrings knowledge about human abilities like
creativity, visual reasoning, perception, emotionand soon.

InJapan, researchindesign scienceis well-es-
tablished, quite advanced, and generously funded.
Thus, after my PhD project was completed, | de-
cided to pursue my research in Japan. My project
on studying design creativity was accepted by Pr.
KatsumiWatanabe, a well-recognized researcher
in cognitive science affiliated with the University
of Tokyo; then, after a competitive selection held
every year by the Japanese Society for the Promo-
tion of Science (JSPS), the project was awarded a
fellowship for foreign post-doctoral research and
generous funding fortwo years.

My research is aimed at studying design
creativity with the tools of cognitive sciences
(response analyses, eye-tracking, brain activity
measurements ...). This type of interdisciplinary
research in design and cognitive sciences is rap-
idly expanding, with labs in South Korea (KAIST),
Australia (Key Center for Design Computing and
Cognition), The Netherlands (TU Delft) and others
leading the way.

This research field is developing its structure
through the creation of networks such as the De-
signand Emotion Society (D&E) orthroughthe or-
ganization of international events like KEER2010
(Kansei Engineering and Emotional Research).
Although Japan is one of the pioneers in design-
and-emotion research, this field is now attracting
researchers fromall over the world.

Good for knowledge! Good for design!’
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Figure 1: Post-doc fellows, funded by the Japanese
Society forthe Promotion of Science (I'm the second
fromthe left, in the back).
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3 Formoreinformation on design research oron research in Japan: celine.mougenot@gmail.com.
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