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This paper focuses on the structure and dynamic of theory in design
research. Problems with existing theory are explored, and a new meta-
theoretical method is suggested for assisting the critical analysis,
comparison and formulation of design theories and concepts. This meta-
theoretical method contributes to building a simplifying paradigm of
design research by providing a means to clarify the existing state of
design theory in the field, to assist with the establishment of coherence
and compatibility between concepts in disparate theories, to validate
theory and concepts, and to uncover ‘hidden’ aspects of design theories.
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ELSEVIER

his paper is a contribution to the study of Philosophy of Design.

In it, a critical overview is taken of the structure and dynamic of

design theory. This overview leads to a method to assist with the
critical analysis of design theories and their associated concepts. If we
consider ‘design theory’ as an artefact to be designed, this paper’s role is
in the part of the design process often called ‘problem analysis’. Under-
pinning what is presented in this paper is an assumption that the act of
designing by human agents is central to the academic study of design. This
theoretical standpoint, that what is described as design always implicates
humans, together with the understanding that any theories, theorising or
theory interpretation has meaning only in a human context, is the basis for
the analyses presented below.

Philosophy of Desigrns different fromdesign philosophyilt is the disci-

plinary equivalent of Philosophy of Science, or Philosophy of Tech-
nology—whereas design philosophy is associated more with the philo-
sophical study of design method. Appropriate questions in Philosophy of
Design are, for example; ‘What, in general, is design?’, or ‘What are the
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characteristics of a valid theory of design?’, or ‘What are the characteristics

of a theory of objects being designed?’, or perhaps, ‘How might a theoreti-

cal design concept be tested for coherency with other concepts?’, or even
‘Should a theory of objects be part of design theory?'.

The termdesign philosophyhas also been used to describe the study of
such questions. The historically intimate connections between design philo-
sophy and the study of design methbélbas, however, limited the scope
within which philosophical issues relating to design have been consitlered
Design Philosophy is not, therefore, a suitable title for the philosophical
study of all aspects of design theory because theories related to design,
and the concepts associated with them, cover a wider range of issues than
the methods, methodologies and techniques of design. The Edito-
sophy of Desigris used in this paper to describe this wider philosophi-
cal inquiry.

In alignment with this philosophical perspective, the capitaliSegbign
Theoryis used here to refer to the sub-discipline in which the role, validity,
coherence and utility of theories and concepts pertaining to design are
researched. In this respect, Design Theory encompasses several other sub-
disciplines such as; Design Science, Science of Design, Design History,
Design Methods, Design Methodology. This is contrary to views expressed
elsewher&™” that design sciencdor the science of designcompletely
encompasses design theory and the theory of technical objects, for
example, in Hubka and Edef'somprehensive development of a theory

of technical systems. From the above human-based position on design
theory, the scientific viewpoint is but one paradigmic perspective within
which theorising about design may occur. Theorising about design goes
beyond the paradigms within which design is practised, and beyond those
theoretical outlooks by which its practice is researched, for example:

e Coyne and his associafés®® have written extensively on the appli-
cation of a variety of post-positivist outlooks to design research.

e Sargent* proposed a meta-theoretical argument that there cannot be a
unifying design science because there appears to be an incommensura-
bility of viewpoints in design research
Broadbent® discussed theory building in the study of design
Thomas and Carrdft explored how design might be best conceived
of in terms of an individual’'s psychological perspective
Daley'” analysed the role of objects in theories of creativity
Dilnot!® investigated the limitations of definitions of design that
excluded its social context

e Liddament® drew attention to the limitations that computationalist per-
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spectives place on the development of design theory, particularly in
terms of ontology, epistemology and methodology

e Galle® explored how the definition of ‘designing’ is influenced by the
inclusion of human design agents into its explanation (and helpfully
clarified the language of ‘brief’, ‘representation’ and ‘artefact’)

e Oxmart! created a new perspective on design education by focusing
on the dialectic nature of designing, the associated theories of cognition
and the epistemology of knowledge structures

All aspects of research into design involve conceptual abstraction and sym-
bolic representation. In each of the above examples, the theoretical abstrac-
tions of Design Science and other paradigms of design research are subject
to scrutiny, and, therefore must lie at a lower level of theoretical abstraction
than the analyses of them. In terms of sub-disciplinary structure, this over-
arching role of Design Theory implies that it should be viewed as being
higher up the sub-disciplinary ‘tree’ of Design Research. Abstractions and
representations are fundamentally grounded in human atdgsvhether
based on paradigmic assumptiét®¥-2% metaphor®? or reified concep-

tual framework®, and form part and parcel of theory-making about
desigri®. Taking a human-centred perspective on design research, there-
fore, also implies that Design Theory subsumes most, if not all, sub-disci-
plines associated with the study of design (theoretically, at least).

1 confusion, conflation and multiplicity in Design
Theory

The development of theories of design research has occurred in a piecemeal
fashion, and four serious criticisms may be made:

e That there exists a substantial amountohfusionwith respect to the
underlying basis of many theories, concepts and methods.

e That in developing and validating theoretical aspects of the study of
design, many writers are unjustifiabtypnflatingconcepts drawn from
a range of sources.

e That there exists an unnecessamyltiplicity of design theories and
concepts.

e That the terminology of design research has become unnecessarily and
unhelpfully confused and imprecise by dint of the above points

In 1992, | attempted to collect together a glossary of the main theoretical
terms of the design research literafifreand found that it was an almost
impossible task to do justice to the different variants of major terms: there
are almost as many different definitions @ésignand design processs

there are writers about design. Since the earliest attempts at formulating
theories of design there have been many arguments between proponents
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of different concepts and theories in which reconciliation happens by the

proponents realising that they were using the same words or concepts dif-
ferently. Several researchers have pointed to the problem that few of the
definitions of terms associated with design research have been explicated
satisfactorily, for example:

Ullman®3 claimed that ‘As research results have been published, it has
become obvious that the term “design” has different meanings to differ-
ent researchers... the field lacks a commonly accepted description of
design methods, types and theories’.

Pugh* considered the study of the activities, philosophies, processes
and products of design to be confused.

Roozenburgf pointed to the philosophical terminological and concep-
tual confusion surrounding the abduction—deduction—induction aspects
of innovative design thinking.

Edef® reported that a workshop aimed at developing a glossary of
words and concepts relating to the science of engineering design found
problems where the same words were used with different concrete
meanings, at different levels of abstraction, and where their meanings
were dependent upon cultural context.

Hubka and Edérnoted the difficulty of clarifying definitions when
creating novel theory.

Parnas and Cleme#ftsargued that, in software design, precise defi-
nitions are often not provided, and that ‘there are many terms used for
the same concept and many similar but distinct concepts described by
the same term’.

Talukdar, Rehg and EIfé% claimed that neither practitioners nor
researchers agree on what constitutes design activity. They noted that
Finger, Director of the Design Theory and Methodology program of
the US National Science Foundation, asked design researchers for their
definitions of design activity and received twelve different classes of
answer.

Frencl® commented that there are as many ways of producing block
diagrams of design process as there are of ‘tribal lays’.

In 1984, Cros$identified four overlapping themes which also represent
the chronological development of research into design:

1)
()
®3)
(4)

The management of the design process

The Structure of Design Problems.

The nature of Design Activities

‘Reflection’ on the fundamental concepts of design

Two other themes that can be added to Cross’ list are:
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(1) Knowledge about the environment in which designing takes place
(2) The knowledge needed for designing, i.e. knowledge about objects
and design processes (Hubka and EQjer

Together, these themes can be viewed as different paradigms under which
design researchers have investigated design activities, and proposed
theories and models to represent them. In 1993, Cregwrted on theoreti-

cal developments over the ten years since his earlier review. This later
review implies that a sequential Kuhnian-style development of different
sub-paradigms of design theory, in which the same terms and concepts
have been used differently, has become the concurrent development of
theory across all paradigms. This would provide one explanation for both
terminological and conflationary confusion in the field.

Dixon’ confronted the confusion in design theory by regarding all design
research as being in pre-theorystage. He suggested, from a positivist
scientistic position, that, as a matter of urgency, attempts are made to estab-
lish scientifically testable theories of design. Dixon’s outlook on the estab-
lishment of theories of design may be subject to challenge by postpositivist
academics (for example, Berger and LuckftfarCoyné, Coyne and
Snodgras$ Coyne Snodgrass and Martfrand Margolig?), but his analy-

sis of the potentially impossible difficulties in establishing a general theory
of design and his critique of attempts made so far, were valid from either
a positivist or post-positivist perspective.

It is difficult to prove that it is commonplace for theoretical aspects of the

study of designing to be supported by conflating concepts inappropriately.
It is perhaps more fruitful to indicate how conflation may lead to the devel-

opment of erroneous threads of theory or to faulty conclusions. The sim-
plest case of conflation follows the sequence:

‘A is related to B’ and ‘B is related to C' therefore ‘A is related to C’

The validity of such an inference requires the correct identification and use
of the characteristics of the abstract entities (in this case A, B and C) and
their relationships. A popular example of inappropriate conflation is that
of cat and dog equivalence:

‘A cat has four legs’ and ‘a dog has four legs’ therefore ‘a cat is a dog’

The construction of theory in the study of design sometimes brings forth
similar problems with conflation, for example,

‘Designers think’ and ‘cognitive psychologists study thinking’, there-

fore, ‘research into design lies within the discipline of Cognitive Psy-
chology’
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The issue of conflation is not simply a matter that the logic which has
been used is faulty. It is that two or more ideas have a similarity in some
of their aspects which encourages their unjustified co-association and
improper conflation into some larger conceptual whole. This combined
conceptualisation may then, in its turn, be used as a faulty basis for the
formulation of further theory, or to draw incorrect conclusions from. Whilst
such obviously muddled thinking is fortunately rare, the study of design
and its associated theory is conceptually challenging, and in theoretically
difficult situations unjustified conflation can easily go unnoticed by both
author and critic alike.

Since the 1950s, the volume of design research literature has increased
from a handful of books in the 60s to the current level of several hundred
books, articles and conference papers written each year. When!Cross
identified the four sequential themes in design research mentioned earlier,
he suggested that the development of each was necessitated by the failure
of its predecessor. The increase in the literature has resulted in the number
of theories and concepts in design. This high level of multiplicity of con-
cepts and theories in design research has several aspects:

Theories are speculatively proposed

Theories are generated from within a wide variety of paradigms.
Theories and theoretical developments are not subjected to sufficient
critical epistemological and ontological attention.

e There is little agreement on the most fundamental aspects of theory,
for example, ‘Whatis meant bydesigr?’

e Some useful theories that would help with the integration of Design
Theory are ignored, partly because they are ‘not invented here’, or
perhaps because they lie outside what is seen as the province of the
study of design.

This problem of unbridled abstraction, and its associated language needs,
threatens to overwhelm design research, and the protocols of academic
research add to the problem. Whilst developing their own theories, contem-
porary design researchers are supporting their work by analysing the work
of earlier theorists, each of whom has been trying to provide theories of
and about design, or critique the theories of those before them. The next
generation of theorists will in their turn be attempting to provide overviews
of and theories about current work. This continuous production of new
abstractions by each new generation of design researchers, and the require-
ment for terminology that differentiates each new abstraction from earlier
ones, appears to be never ending. The Indian literature of the Vedas pro-
vides a parallel to this situation in describing how the earth is supported:
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‘...on elephants, and they are supported on more elephants, and they
on other elephants. Elephants on elephants for ever....’

This is temporallybased conceptual development, in which new concepts
and new terms are needed as time goes by to describe patterns in the
theories of previous generations. What is needed is some means of structur-
ing existing concepts and theories to bound the unnecessary growth in
abstractions and terminology so that it is clearer to design researchers
which concepts, theories and theoretical strands are pragmatically more
useful or better justified, and what their relationships are to each other.
This is an important step in any move toward the development of the
‘simplifying paradigm of design research’ that Crshas identified as
important for the field.

The meta-theoretical method proposed in his paper is intended to hasten
this process. The method provides a bounded structure for the development
of theories that reduces the need for new language and new concepts to
explicate the work of previous theorists. This simplification provides an
underlying structure that enables the main focus of conceptualisation to be
directed towards theorising about the activity of designing, the knowledge
needed, the tools used, the information available, the management of the
process, the environment, and the specifications of products being
developed.

2 Critical analysis and design theory

Critical analysis provides the basic tools for clarifying design theory
because its purpose is the clarification of relationships between individual
concepts and theories, and between these individual concepts and theories
and their underlying assumptions. Critically analysing the concepts and
theories associated with design is not easy, however. In some cases, the
researcher finds that an author has defined a concept to have a particular
meaning, and then used it later in the same text with a subtly different
meaning. In other cases, authors confuse metaphoric meaning and literal
meaning of terms. In another case still, a term may have been applied
simultaneously to different concepts, processes or activities. In many texts
these problems are compounded by confusion about the epistemological
relationships between proposed ideas, and existing concepts and theories.
For example, it is clear that the study of the geometric properties of a
particular element of a design, such as a crankshatft, is different from trying
to understand the cognitive mechanisms by which a designer chooses such
a shaft. Confusion arises in the literature, however, because the same words
and similar concepts are used in theoretically different circumstances. The
following not untypical sentence illustrates how ill-defined an apparently
coherent phrase may be:

: a meta-theoretical structure for design theory 299
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‘The design of the shaft depended on the decision making processes
used by the designer.’

To be clear about the meaning of the sentence as a whole requires correct
understanding of the potential meaning of each element in that sentence.
This is not straightforward. For example, in the case of ‘decision mak-
ing processes’

e ‘Decision making processes’ may refer to decisions based on basic
models of shaft behaviour, for example: models of force, stress or
dynamics

e ‘Decision making processes’ may alternatively mean that the design is
defined by the results of higher order methods which use the output
of, for example stress behaviour, to optimise shaft geometry

e Or, perhaps, it is the designeitgernal cognitivedecision making pro-
cesses that are being referred to

e Perhaps ‘decision making processes’ refers to a process based on a
wider internal perspective (or world view) of the designer that includes
their personal habits, values, beliefs about the world, the effects of the
designer’s environment, etc.

In the case of ‘the design of the shaft”:

‘The design of the shaft’ may mean the activity of designing the shaft
‘The design of the shaft’ may refer to an engineering drawing of the
shaft (or some other communication or representation)

e Perhaps ‘the design of the shaft’ refers to an actual shaft

By taking combinations of the possible meanings of each of the above two
phrases in the above sentence it is possible to see how easily confusion is
brought into any discussion about designing, and how difficult it is, at
present, to clearly and unambiguously critically analyse even small
amounts of design literature. The meta-theoretical method proposed in this
paper provides a means of resolving such conceptual tangles.

The semantic and conceptual confusion in design research is compounded
by theoretical constructs at different levels of abstraction having many
similarities. There are several reasons that may be advanced to explain
this. From a Kuhnian perspective, researchers (often with little experience
of designing products) have a restricted range of conceptual tools, which
when applied to research into designaaty level of abstraction produces
similar sorts of analyses. This is clearly true when a systems approach
is applied. Both designing and researching are human activities that are
undertaken within particular cultural and environmental ecologies which
is likely to result in a uniformity of conceptualisation and language. This
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argument is supported by existence, in the areas of History of Technology
and Design History, of research into the culturally based reasoning behind
the development of particular artefacts or technologies (see, for example,
Margolint4).

Poppef® addressed the problem of theoretical confusion and validation
with his analysis of the relationships between the following three worlds:

e World 1—Physical and material objects
e World 2—The subjective world containing minds and their contents
e World 3—The objective world of theories, knowledge and problems

He argued that confusion arises when concepts from different worlds are
conflated, and that it is better to regard the analyses of each world as
incommensurate. Phillips discussed Popper’s three world concept with
reference to research into educating native speakers of English to speak
Russian. He asked how a pedagogical theorist could validate a particular
theoryof language learning by testing a student. It is clear thatitiyiis-

tic skills andlearning skillsof a student could be tested by observing them
answer, in Russian, questions which are competently phrased in Russian.
The internal subjective workings of the students mind, however, cannot be
proven by these observations, and, more importantly, the information does
not indicate the workings of the learnintheory in question. If the
researcher asked faubjectivedetails from the student it is not obvious
how the researcher could prove them or use them to validate theoretical
aspects of the learning theory. For example, how could the researcher prove
that the student was actually conversing in Russian rather than using two
acts of translation and thinking in English? Phillip’'s example illustrates at
least one of the problems facing design theorists who are attempting to
formulate well justified theory about the internal creative processes of
designers. (The reviewers of this paper have commented that this argument
is somewhat similar a position taken by Kl&Un the relationships
between ‘theory’, ‘method’ and ‘object’.) Clearly, any theories about
designing must comport well with our material and subjective worlds, but
the real test of theories lies in their validation and coherency with respect
to other well supported theories that are drawn, not only from the field of
design, but from the widest range of relevant theoretical constructs across
all disciplines. The proposed meta-theoretical method below provides a
theoretical structure for validating design theories and concepts in this man-
ner.

3 Meta-theoretical analysis
Theories, concepts, assumptions and human values are studied and ana-
lysed astheoretical abstractionsThey are World 3 entities in Popper’'s
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terminology. Although the practice of studying, generating, using and criti-
cising such abstractions is not commonplace in the contemporary disci-
plines of science and technology, such epistemological and ontological
analysis is widely used in other disciplines and dates back to the earliest
Greek philosophers. Whilst not at the forefront of academic consciousness,
the structuring of abstractions is a basic tool in most disciplines. It can be
seen perhaps most clearly in Mathematics—where theorems depend on
axioms (both abstractions), and in Philosophy—especially in the field of
Logic which is concerned with the manipulation of abstract entities and
the verification of logical relationships between them.

Disciplines that involve practical human action, particularly the Social
Sciences such as, Anthropology, Ethnography and Sociology, have a sig-
nificant focus on the epistemological and ontological analysis of their
theoretical abstractions because their theoretical foundations are not amen-
able to Cartesian validation. This lack of Cartesian validation means that
the development of empirical research programs requires a critical identi-
fication of the assumptions and implications of abstractions reaching back
to an understanding of the ontological and epistemological bases of such
research The development of Grounded Theory by Glaser and Strauss
and its methods of validation are a typical case. A human-based perspective
on design research implies that it should be viewed in the same light as
these other disciplines that involve research into human action and, in
consequence, needs a similar level of attention to epistemological and onto-
logical issues relating to theories involving humans in design.

There are many different means by which similar attention to epistemologi-
cal and ontological clarity could be brought to design research, and some
are more appropriate than others. In this paper, a meta-theoretical approach
is used because it is just post-positivist and aligns well with Science and
with a constructivist approach to human knowing. The approacheita
theoretical because the analysis of a particular set of theories can only be
done at a higher level of abstraction, and because concepts and theories
exist in meta-level relationships to each other. The basis of meta-theoretical
analysis is that it provides a means to analyse, relate, position and validate
concepts and theories that are in and from different theories and theoreti-
cal stances.

3.1 Metaphors of design as meta-level abstractions

It is not just the ‘hard’ theories of engineering design that are abstractions
in the sense used above. It applies to metaphors and other mental constructs
also. Metaphors are used to describe phenomena or patterns of mental con-
structs as if they were something else—something more familiar—and may
be used consciously or unconsciously. This is relevant to design research
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because attempts to describe the process of design have been generally
metaphoric in nature, and this is especially true of general theories of
design. These metaphors are useful in that they enable the grouping of
concepts at lower levels of abstraction into memorable patterns. Such
groupings or meta-abstractions allow us to place concepts relative to each
other, describe relationships between them and fit new concepts into an
overall theory. Each metaphor, however, is both limited in its scope and
limiting for its users. Whilst metaphors provide a basis for checking the
internal consistency of a grouping of concepts they also exclude other ways
of describing and analysing phenomena and are limited by them not being
literal descriptions. This in turn may cause difficulties in including new
insights and information. Coyne and Snodgfassed this metaphoric view

of design to discuss the limitations of the overarching metaphors of design
process in how design problems are formed and addressed. A lack of clarity
about abstractions, meta-abstractions and metaphors along with an uncon-
scious use of metaphors or meta-abstractions of design is likely to result
in semantic difficulties and theoretical confusion.

3.2 The use of meta-theoretical analysis

Abstractions are closely tied to human assumptions (which in their turn,
are also abstractions) about how the world is. Every theory or concept is
dependent upon a variety of other abstractions at different levels of abstrac-
tion than itself, and for its validity it must be seen to be coherent with them.
Abstractions relating to any situation lie in a meta-theoretical spectrum in
which the lowest level of this spectrum refers to the sensual ‘concrete’
world as experienced through our senses, and the most abstract higher
levels refer to the ontological world of assumptions about reality, personal
values and value systems. In between lie all other abstractions, each
grounded in human experience and conceived on the basis of our ontologi-
cal assumptions about existence.

To give an example of this hierarchy, consider the concepit@fssas

an abstraction in engineering mechanics. Contrary to the beliefs of many
engineers, stress does not exist as a physically perceivable phenomena
(except, perhaps, mental or psychological stress!). It is a theoretical
abstraction depending for its meaning on the lower level abstractions of
force and area. Usuallgtressis defined as théorce transmitted per unit

area The abstractionforce andareain their turn depend for their mean-

ings on our more concrete conceptualisation of our observations of the
movements of physical objects.

The metaphor or paradigm within which we can conceive mechanical stress

also, however, depends upon the human values espoused in higher level
abstractions about existence such as:
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Assumptions about the consistency of the universe
Assumptions that the world can be mathematically modelled
Reliabilistic beliefs about the constancy of the world and our percep-
tions of it (see for example Lewvif)

e Areligious belief system which allows us to make such models without
fear of divine retribution.

The abstraction ‘stress’, therefore, lies in a hierarchy of abstractions. It
depends upon both lower and higher level abstractions. It not only depends
upon these other abstractions and its coherency with them for its meaning
but it is validated (or not) by them.

To summarise, theories and concepts are abstractions (Popper's World 3
entities). These abstractions lie within a co-dependent hierarchy. At the
lowest level of abstraction is the direct perception of reality, where infor-
mation is available to each individual through their perceptive senses. The
highest level of abstraction is concerned with the beliefs and values asso-
ciated with fundamental issues of existence. Between direct perceptions of
‘reality’ and beliefs about ‘what is fundamental about existence’ we have
the everyday abstractions which are the stock in trade of communication,
reflection and theorising in such diverse occupations as journalists, artists,
scientists, technologists and academics.

4 A meta-theoretical structure for Design Theory

One simple solution to problems of confusion and conflation of the con-
cepts, theories and terminology in design research is to take a meta-theor-
etical perspective, use a critical framework for analysis, and create a struc-
ture that enables elements of different theories and concepts to be located
relative to each other. The most obviously useful method is to use a meta-
theoretical structure based on levels of abstraction because it offers a means
of classification that is hierarchical and relatively independent of the
domain-based meanings associated with each theoretical element. This
method provides a straightforward means of clarifying and externalising
many of the hidden dependencies between abstractions in Design Theory.

The meta-theoretical taxonomy proposed below also offers an opportunity
for using rationalist methods to inspect and critique the theoretical frame-
works that research is undertaken within, and to explore the bounds that
particular individual and culturally formed realities place upon theory-mak-
ing. In this meta-theoretical taxonomy, the levels of abstraction or meta-
theory are based on a hierarchical form. The lowest level of abstraction
refers to an individual's direct, sensual interaction with the world. The
highest level is concerned with human values, assumptions about existence
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and the implications of those assumptions. Thus the taxonomy ranges from
‘our perception of reality’ to our questioning ‘What is reality?’.

It is emphasised that although this taxonomy was developed as a basis for
categorising different theoretical abstractions about designing, the focus is
not on thecontentof the abstractions or theories. This is a taxonomy of
abstractions and theories in terms of their theoretiediaviour that is a

study oftheory qua theoryThe relationships which are important in this
taxonomy are those of theoretical and conceptual definition, and necessary
assumption. To give an example, the meta-theoretical level of ‘Theories
relating to mechanisms of choice’ is concerned with choices about parti-
cular theoretical elements that each have particular behaviours. At root,
the description of these elements and their behaviours depends on empirical
experience (level 1). These theories about choice also depend (however
unconsciously to users and theorists) on various privileged assumptions at
higher orders of abstraction, such as assumptions, and presumptions about
design method and process, or even more abstractly, about what designing
is, or more abstractly still, about what the world is.

4 .1 Meta-theoretical structure for classifying
abstractions of design theory

Each level in the following hierarchy contains: the number and name of
the abstraction level, a short description and illustrations or examples.

(1) Direct perception of realities-This is the level at which we ‘sit on
chairs’, ‘watch sunsets’, ‘hear the sound of a bird’..Fre wood-
worker feels the movement of the hammer as the nail is driven.’

(2) Description of Objects-The level that encompasses simple descrip-
tions of objects, processes and systerfesvacuum cleaner’, ‘a car
body’, ‘a groyne’, ‘a typeface’, ‘a database’... ‘The woodworker
uses a “claw hammer” rather than a “chisel”.’

(3) Behaviour of ElementsThe level at which the behaviour of
elements which may be incorporated into objects, processes and sys-
tems is described-or example, ‘a camshaft rotates at 600 rads/sec’,
‘headline type needs to be set closer than body text’, ‘the lower
windows need to offset the visual weight of the portico’, ‘the melody
returns to the tonic’. ‘The hammer is made up of two parts; a head
and a handle... The correct angle between the handle and the face of
the hammer head is necessary for nails to be hammered in straight.’

(4) Mechanisms of ChoieeThe level of descriptions about the way
that choices are made between different objects, processes, or sys-
tems, and how solutions are evaluatédr example, ‘Why does a
woodworker choose a claw hammer rather than a sledge hammer
for hammering a small nail?’
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(5)

(6)

(8)

(9)

(10)

Design Methods-The level in which theories about and proposals
for design methods and techniques are describBEde—theories
about designing wood artefacts. ‘How does one design a chair?’
Design Process StructureThe level that includes the theories about
the underlying structure of design process, and the influences of
domain, culture, artefact type and other similar attributes and cir-
cumstanceskor example ‘What are the processes underlying the
design of Polynesian catamarans?’

Theories about the Internal Processes of Designers and Collabor-
ation—This level includes the descriptions of theories about the
reasoning and cognition of individual designers, of negotiated design
in collaborative design teams, and of cultural design effects on
designers’ output-or example ‘How did Mackintosh design furni-
ture?’” ‘What communication is necessary between the different
designers of timber framed housing?’

General Design TheoriesThis is the level that is concerned with
the details of those general theories which seek to describe the whole
activity of designing and its relationship to the objects involveat.
example, ‘The activity of designing a boat, or a turbine, or a comic
strip can be described as follows....’

Epistemology of Design Theory and the Theories of Objedtsis

is the level that contains those analyses and discussions about the
critical study of the nature, grounds, limits and criteria or validity
of design knowledge-What is a theory of design?’, ‘What does it
include and exclude?’, ‘On what assumptions is this theory based?’
Ontology of Desiga-The philosophical study of the ontological
basis for design theory and the activity of designing. It is at this level
where human values, and the values and fundamental assumptions of
researchers, are included in critiques of the®iyr example, ‘Which
human values and assumptions effect the design of new legislation
for narcotics?’, ‘Are the methods of evaluation used to choose
between different design alternatives consistent with the ethical pro-
scriptions of the relevant professional bodies?’, ‘What is reality?’,
‘What is existence?’

The above taxonomy has been structured hierarchically in a manner which
separates different groups of abstractions, as found in the literature on
design research, into a dependent sequence. Abstractions in levels 2—-10
provide theories and patterns of concepts at lower levels. Abstractions in
levels 1-9 of the taxonomy are based on assumptions drawn from follow-
ing levels. Abstractions at higher levels provide assumptions for preceding
levels. Clearly there is much interaction between research and theory gen-
eration done at each level of abstraction and other levels. Where new con-

Design Studies Vol 21 No 3 May 2000



cepts are proposed at any level, appropriate language is needed to separate
its concepts from that of other levels of abstraction.

At first glance,

e Levels 2 and 3 relate to objects
e Levels 4-7 relate to design process
e Levels 8-10 relate to philosophical matters

On this basis it may be argued that the theory categories relating to objects
(levels 2 and 3) and the theory categories relating to design process (levels
4-7) form two parallel but co-ordinated streams. This may be a useful
identification of the foci of research effort, but in terms of theoretical
relationships between abstractions the matter is different. Theories relating
to design procesapply to othelless abstract elements or entitiasd their
behaviour It is levels 2 and 3 that contain the descriptions and details of
behaviour of these entities, and hence, in terms of abstraction, there is a
hierarchical dependence between levels 4-7 and 2-3. It is irrelevant that
some of these level 2 and 3 entities or elements, particularly the non-
physical ones, are difficult to conceive, or in human terms ‘very abstract’
because it is matters of theory structure and dynamics which are being
addressed rather than cognitive difficulty.

The elementary verbal or literal ‘descriptive tokens’ of level 2 do not
necessarily refer only to the physical. Complex theoretical abstractions may
also be tokenised similarly; for example, different logic chip architectures
may be given descriptive tokens and dealt with as abstractions in a similar
manner to more physical phenomena. This tokenisation also applies to
elements of design theories. This is as it should be, because meta-theoreti-
cal analysis is applicable to any abstraction or abstraction structure where
the focus of the study is on theory-making qua theory-making.

In the above meta-theoretical structure, different sub-disciplines or fields
of design research have a different balance of activity at each level. For
example, the main theoretical abstractions relating to Engineering and
Graphic Art, might well occupy predominantly different niches, or have
different distributions in the above hierarchy. Both will be different to the
distribution of the more abstract aspects of Design Science (or Science of
Design) which would be found mainly in levels 9 and 10 (epistemology
and ontology).

Phillips*® evaluated several contributory postulations on the development

of knowledge and noted the weight of academic opinion that all theory is
unprovable in isolation but depends for its existence on a wider structure
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or theoretical ecology (see also, Stegdieri* and Murray©). It should be
expected that successful general theories of design would provide a com-
plete range of coherent concepts at all levels. In addition, each individual
concept or theoretical element should also, potentially at least, be a part
of a general theory. For each theoretical element or theory to be coherent,
and to stand up to the rigours of comparative and critical analysis, it must
be a part of a web of theory that ranges from direct perception of reality
to assumptions about existence itself. To repeat, theoretical elements and
concepts should form coherent chains that are represented in all levels of
the meta-theoretical hierarchy.

4.2 The use of the meta-theoretical structure

The above structure provides the means to improve conceptual and linguis-
tic clarity by decomposing differing design theories and concepts into their
relevant contributions at each of the different levels of abstraction. This
decomposition provides a powerful means of comparing and contrasting
different theories, concepts and metaphors of design theory by exploring
the differences and similarities between related elements at each meta-
theoretical level. The following simplified example shows how two meta-
phors of design@esign as Information Processirand Design as a Cre-
ative Processtan be decomposed into their contributions at each level of
the meta-theoretical hierarchy to provide the conceptual detail that enables
their critical analysis.

421 Design as Information Processing

Information processing is the most common theoretical perspective on
design found in the contemporary literature of design research. This per-
spective is closely approximated by that of Suh

(1) Direct perception of realities-Receiving and sending information.
The effect on the user. Feelings of ‘lack of information’ or ‘being
overwhelmed by too much information’ or ‘wondering where to find
appropriate information’.

(2) Description of Objects-Descriptions of information sources such
as; books, computer files, expert knowledge. Descriptions of infor-
mation types such as; ‘fluid viscosity’, ‘Pantone codes’, ‘customer
needs’ and ‘product specifications’. Descriptions of information flow
processes such as; ‘telephoning’, ‘DXF file transfer’, ‘interaction
with stakeholders’, ‘human-machine interactions’, ‘design team col-
laboration’.

(3) Behaviour of ElementsThe behaviour of elements of the designed
artefacts are described in terms which allow for convenient infor-
mation processing. For example, the use of mathematically based
models rather than scale models.
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(4) Mechanisms of ChoieeThe relevance of decision making methods
and evaluatory techniques is dependent upon their communication
efficiency, data integrity and data validation. The relevant fields of
study which relate to the reasoning behind design choice would
include; communication theory, artificial intelligence, cognitive psy-
chology of decision-making, systems analysis and information pro-
cessing.

(5) Design Methods-Design is seen as the codification, selection and
management of information. The characteristic design method is the
use of information selecting algorithms.

(6) Design Process StructureThe design of an artefact is seen as an
information selection and management process. The underlying
metaphor has the following aspects:

e The world can be codified in a form suitable for information pro-
cessing
This coded information can be categorised
The correct information can be supplied to the designer
The designer can use an information processing algorithm to
‘design’

e A description of the designed artefact can be provided for manu-
facture

e The manufacture of the artefact can be achieved from the sup-
plied information without ad-hoc interpretation.

(7) Theories about the Internal Processes of Designers and Collabor-
ation—The designer is seen as a machine capable of rationally sel-
ecting and connecting together elemental information to satisfy a set
of constraints. It is assumed that human expertise can be mathemat-
ically modelled. Interaction between design team members is seen
as the communication of information.

(8) General Design Theories'Design as information processing’ lies
within an atomistic and deterministic framework. It is presumed that
design can be automated and that the human designer is only neces-
sary to oversee that process.

(9) Epistemology of Design TheerThe test of whether particular
design information, methods and theories are satisfactory is whether
they transform and transfer information in the manner in which they
were conceived.

(10) Ontology of Desigh-'Design as information processing’ assumes
that information is ‘value neutral’. The universe is presumed to be
consistent. It is assumed that it is possible to model reality exactly.
‘Reality’ is taken to be codifiable in such a way that information
has the same meaning for any person using it. Cultural factors and
human values are quantified.
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4.2 Design as a Creative Process

Creativity that emphasises the intuitive internal creative processes of the
designer forms the basis of this alternative metaphor of design research.
This perspective has been unfashionable in engineering design research for
some time. Amabilé noted that research into creativity has been mainly
undertaken within Psychology, and even there it is relatively unrepresented.
This creative perspective on the design process is exemplified by @legg

(1) Direct perception of realities-Observation through the senses—
mainly sight in most disciplines. The representation of observations
about bodily sensations and kineasthetics as ‘feelings’.

(2) Description of Objects-Objects are typically described adjectivally
rather than by using simple noun descriptions. Some examples are:
a ‘strong’ red, a ‘pretentious’ vestibule, a ‘convoluted’ melody, an
‘unnecessarily complex’ mechanism, an ‘elegant’ solution.

(3) Behaviour of ElementsThe main focus is on thiterrelationships
between elements. Although elements have intrinsic characteristics
their properties are more commonly defined by other elements and
external influences. To give some examples: from engineering
design—'a gearbox may beell matchedo an engine’, from typo-
graphic design—'this subhead typensre dominanthan the main
headings’, from graphic design—‘the vertical lid&videsthe picture
unequally; from architecture—‘the low rooflinéelpsthe building
to blendinto the landscape’, from pedagogical design—'group exer-
cisesenablestudentso participate more fullyin their education.’

(4) Mechanisms of ChoieeWhere design is seen as a creative process
the dominant mechanism of decision-making and evaluation is the
use of ‘feeling’. Studies of the ‘correctness’ of design decision-mak-
ing based on feeling are usually historical and cultural. Such analysis
depends also on an assessment of feeling and is usually justified by
casuistic means. The type of questions which might be asked in this
metaphor are; ‘Which particulayutlook should be used for design-
ing in this case?’ or ‘How can Roman form and Jazz imagery be
juxtaposedsatisfactorily, or ‘How can asuccessful compromidee
made in placing the camshaft?’. The answers to such questions

depend upon human values and as such lie in the domain of ‘feel-

ing’.

(5) Design Methods-A range of methods have been developed to
facilitate the designer's use of the right hemisphere of the brain.
Such methods include associative and analogical techniques such as
Synectics, Mind maps and Brainstorming. Many of these methods
are also intended to discourage analytical thinking or use of the left
hemisphere of the brain. Other methods provide guidance in specific
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domains for visual creativity and manipulation of concepts. These
techniques include concepts of visual balance, the flow of form,
repetitive elements and geometrical transformations. All creative
design methods necessarily depend on a sufficient base of experience
residing within the designer(s).

(6) Design Process StructureDesign process models are often similar
to more technically based process models. Many models use a sys-
tems based description of the foramalysis—synthesis—evaluation
with evaluationfeeding information back into the other elements.
Models based on a Romantic metaphor of design often omit the
evaluation feedback loop, presuming that the individual genius of
the designer is the measure of the quality of the design. The ‘cre-
ative’ aspect of the design process is seen as ‘intuitive’ or mysterious
and is the most dominant aspect of the process; with all other process
elements having a supporting role.

(7) Theories about the Internal Processes of Designers and Collabor-
ation—Some theories are Romantic in style emphasising the creative
genius of the individual. Whilst attempting to discuss creativity
phenomenologically the underlying assumption is of creativity as a
mysterious process. Other theories try to explain creativity as a func-
tion of particular biological and psychological processes. Descrip-
tions of individual designer’s creative processes refer to the design-
er's intuition, experience, feelings and style together with the
domain’s traditions. Collaboration between designers is seen as a
process of trying to communicate nuances of feeling.

(8) General Design TheoriesDesign is seen as a creative activity.
Other aspects of design process are subordinate to this.

(9) Epistemology of Design TheeryAssessment of the validity or
coherency of design information, methods and theories is seen to be
part of the intrinsic creative activity of the designer or design theor-
ist. Domain based critics attempt to provide external comment on
the completed works of designers.

(10) Ontology of Desiga-There are many ontological bases espoused by
those who view design as a creative process. This metaphor of
design includes human values, attitudes and assumptions. It does not
depend on any particular world view except in the assumption that
design is not deterministic, i.e. that it is not possible to reduce crea-
tivity to a set of algorithmic steps. It further assumes that design is
an exclusively human activity which cannot be automated.

43 Using the results of the meta-theoretical
decomposition

The above method of meta-theoretical analysis shows many differences
between the two metaphors—in spite of the limited and sketchy nature of
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the deconstructions. The method also indicates the theoretical or conceptual
range of each metaphor and helps avoid the problem caused by proponents
of a metaphor extending it by broadening its meaning without explaining
the theoretical consequences. For examplfarmation Processingnight

be extended by claiming that ‘everything can be expressed as information’,
or Creativity might be extended by insisting that every perception, action
or thought is ‘new’ and hence a new creation. This technique of extending
a metaphor may be useful temporarily for generating new insights, but it
commonly leads to theoretical and terminological confusion in the litera-
ture. In both cases, these changes would grant greater powers to each meta-
phor, but if this increase in the range of a metaphor was given without the
necessary analysis as to whether it was justified then it would simply be
an example of theoretical ‘double-speak’. The meta-theoretical method
helps avoid this, and similar problems, because it shows the actual theoreti-
cal structure that is ascribed to a metaphor regardless of any transitional
semantic reinterpretation of its title. Meta-theoretical analysis publicly lays
bare the agreed underlying facets of any design theory so that when a
metaphor, theory, concept, or other abstraction is proposed, or changed, it
can be critiqued not only in terms of its own content but also in terms of
its conceptual placement and its relationships. That is, the meta-theoretical
structure provides the theoretical framework within which it is possible to
not only ask, ‘What do you mean by this idea?’, but also to ask, ‘What
other concepts and theories is it related to and how?’, ‘What assumptions
does it depend on?’, ‘What implications has it for the meanings of other
concepts or theories?’ and ‘How coherent is it with other concepts and
abstractions?'.

5 Summary

This paper lies within the field of Philosophy of Design rather than Design
Philosophy. In the paper, the problems in Design Theory that are caused
by widespread confusion and conflation and the unnecessary multiplicity
of theoretical concepts are addressed via a meta-theoretical analysis, Pop-
per's three world view and metaphor. A meta-theoretical method that
assists with the move toward a simplifying paradigm of design research is
proposed and an example of the use of this meta-theoretical method is
given in which the underlying theoretical basis @ésign as Information
Processings compared with that oDesign as a Creative Process

6 Conclusion

Confusion, semantic proliferation and lack of coherency in design theory
may be reduced by the application of meta-theoretical analysis. The meta-
theoretical method described above assists the critical and radical assess-
ment of theories, concepts and other abstractions in Design Research. The
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method is simple and straightforward to use, and provides a basis for limit-
ing the generation of unnecessary terminology in design research. The
meta-theoretical method also provides a structured means of identifying
which elements of design theory might contribute to a truly ‘simplifying
paradigm’ of design research, and which potentially simplifying paradigms
are epistemologically inappropriate.
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