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Abstract

IN this research, the author proposes three phenomena of analogical thinking in design.

Analogy has been ascribed a key role in the architecture design. Until now, there is no a
complete theory describing how analogical thinking process works in design domain.
Moreover, analogical thinking always relates to freehand sketches and rarely connects with
other medium. Therefore, this research attempted to investigate the analogical thinking from
the perspective of design media. Two purposes in this research are to study the common
points of analogical thinking in design field, and the differences of analogical thinking
process in conventional media and computer. In order to achieve the objectives, there are
three parts consisted in this research including two phases of experiment, analyzing the data
and addressing three phenomena of analogical thinking. According to the results of analysis,
analogical thinking is an interaction between designers, analogical sources, design target, and
design media. Designers play the most important role in analogical thinking process because
they can choose and transfer the idea which they-are interested in. The analogical depth also
depends on the designer's imagination  and creativity. ©On the other hand, the design media
play a supporting role in analogical thinking process.| It means that the characteristics of
design media not only affect design process.-and design result but also offer the variability of
analogical thinking design. The contribution of-the-resgarch is a preliminary understanding of
analogical thinking in design field. The limitation of the research is owing to few numbers of
subjects and still no theory describe how analogical thinking works in this field, the author
use the common research method of investigating design process. The research discusses
some phenomena of analogical thinking in design field. Our further study will focus on broad

approach of analogical thinking and offer a framework of analogical thinking process.
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Three Phenomena of Analogical Thinking in Design
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Chapter 1: Introduction

1.1 Research Background

Analogy, which refers to similarity between relationships, is of particular importance because
it is the main human cognition affecting human learning, thinking, working, and creative
work throughout everybody’s whole life. Yet Plato declared the analogy was “the most
beautiful bond possible.” Umberto Eco ridiculed analogy as “Hermetic semiosis”, the
cabbalistic obsession and paranoid credulity that uncritically leaps to link everything in the
cosmos to everything else. Moreover, both the proportional and the participatory varieties of
analogy are inherently visual. It requires perspicacity to see what kinds of adjustments need to
be made between uneven cases to achieve a tentative harmony. It also presupposes

discernment to discover the relevant likeness in unlike thing (Stafford, 2001).

Throughout the design domain, analogy has been ascribed a key role in the architecture
design (Lawson, 2004; Rowe, 1998; Leclercg, 2002). Donald Schén, who was interested in
the formulation of problems as the-basis foriaction throughout his career, pointed out how
powerful the transfer of concepts from-one case to:the-next and from one field to another can
be (Goldschmidt, 1999). Most architects used pencil or charcoal pencil to develop their idea
in conceptual design process. The lines they drew are:obscure that leads to the possibilities of
analogy (Smith, 2005). All most architectural-designers have their own notebook. When they
impress by something, such as any objects, natural forms, or architectural projects, they will
note these things by simple sketch with the pencils and their notebooks. Then, they develop
their design and try to observe percept, discriminate, and image by these sketches. Thus,
visual experience is the essential to designers to discovery new ideas that depend on the
quality and quantity of other types of “references”. There are different kinds of reference that
support the developing design. For example, in creative and conceptual designing, architects
often look to books, magazines, and other collections of images to find forms they can adopt
and adapt in designs (Do and Gross, 1995) Studying more high quality architectural projects
also a powerful way to lead designers’ invention and imagination. Moreover, natural form and
biological development provides a possible source to inspire some ideas about the production

of diversity during design development (Gero, 2006).

In the age of conventional media, most of analogies could be studied by designers’ freehand
sketching and scholars deduced these two-dimensional sketching materials to understand the

design thinking and design process. However, the appearance of digital media has not only
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broken the mode of visual analogy in design, but also raised the controversial issue about the
possibilities of analogical thinking happened in other kind medium, except for conventional
media. Depend on the merit of the new media, the analogy in architectural design has greatly
advanced during recent years. To cite one example, zoomorphic appeared in the nineteenth
century and few buildings simulated animals or plants. In twentieth century, the concept of
“zoomorphic” became more flourish because of the improvement of technologies and the
invention of computers. Genetic algorithms, one new mode of finding the best solution
relying on working with computer, have much practical merit because it is modeled on natural
processes of evolution. Generative architecture ideally allows environmental parameters to
dictate the architectural solution as nature does during ontogeny (Williams, 2003). Definitely,
this new issue merits our attention. If scholars are to develop efficient design tools for
architects, we must know more about analogy in architectural design than presume it is

unchangeable in design.

1.2 Problem and Objective

1.2.1 Research Problem

As was stated above, it could be known that!the importance of analogy in the architectural
field. Studies of design method and-process often identify analogy, metaphor, and visual
references as important activities-in creative designing: Even tough not all architectural
designs use analogy in the conceptual design process, it is undoubtedly that analogy is play an
important role in stimulating designers’ innovation and exploration. Analogical thinking
process is a process that designers stimulate designer’s creativities and design ideas by
integrating or associating with their individual life experience, the nature of objects, the whole
creation on the earth, the physics, or life experience. However, There is no a complete
theory describing how analogical thinking process works in design domain. When the
researchers discuss this issue, they usually cited theories from other areas, such as Gentner’s
(1983) Structure-Mapping Theory and Holyak and Thagard’s (1996) the notions of “System

Structure”.

Moreover, when scholars explore designer’s analogical thinking, they almost focus on
sketching and rarely talked about the possibilities of other medium, such as computer.
Generally, analogical thinking are happened in the conceptual design process, which in the
traditional view sometimes also means drafted sketching process. Designers use freehand
sketch as its primary mode of development because sketching has the essential *“dense,
ambiguous, and amorphous” fostering their creative capabilities (Goel, 1995; Do and Gross,

1995). Nevertheless, the development of digital media improves the possibilities and broadens
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the representation of architectural design in recent years. Many architects begin their original
ideas, develop their conceptual design, and expand their invention with digital tools, but some
researches are shown that drafted sketching process could not be replaced due to the
computational conception requesting humans though to be precise, rigid, discrete and
unambiguous which are well known that is difficult to be happened in the human cognitive. It
means that traditional designers and some scholars think that sketching-thinking with

pencil-remain is an essential design skill (Herbert 1993; Lawson 2004; Robbins 1994).

However, appearance of computer has created a new ear for the modern society. Definitely,
computers have been the primary media to think, record, and communicate with others. More
and more people note everything with the machines, not pencils. To the architectural design
domain, it has already been proved that the conceptual design process could be happened in
only digital media (Hanna and Barber, 2001). In spite of the differences between two kinds of
media, the digital media could provide with more various essential, which could not be
possessed by the conventional media, such as continuous, continuous pliability, localized

focus, fluid, biomorphic—in other words quintessentially analogue(Porada, 1999).

1.2.2 Research Objectives

Until now, there is no definite research method to investigate the process because few
scholars in design domain focus=on how analogical thinking process works. Moreover,
analogical thinking always relates to freehand sketches and rarely connects with other
medium. Therefore, this research attempted to investigate what is common point of
analogical thinking in design field. Another question is how design medium affect the
analogical thinking process. Therefore, two purposes in this research are shown below.
The main goal of this study is to provide experimental evidence regarding differences and

similarities of analogical thinking in conventional media and computer.

1. The same point of analogical thinking process in design field

2. The differences of analogical thinking process in conventional media and computer

1.3 Research Steps

In order to achieve the objectives, there are three parts consisted in this research. Firstly, the
experiments are involved two phases. In the phase one, subjects are asked to generate
concepts with conventional media, such as pens or pencils, which the subjects used habitually.
When the subjects finish their design assignment, they are asked a brief interview which

includes describing their design process and answering some specific questions about their

3
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sketches for the minor data of analysis. In the phase two, the author would like to understand
the same thing as the first experiment in a computer-aided way. The unsuitable subjects were
eliminated from the phase one of the experiment and the suitable ones proceed the phase two
of experiment which also contains the same kind of design assignment. Finally, the author

chooses three subjects from six subjects.

After these experiments, the second part of the method is the analysis of the results from the
fore experiments. The major analytical source is the visual data from experiments, and the
minor data is form the verbal data which are the design processes describing by subjects and
the questions that subjects been asked after the experiments. Then, the author uses a coding
scheme to analyze the major visual data and minor verbal data. In addition, one pilot
experiment would be gone on to confirm the structure of experiments is feasible and
reasonable. The final part of the research is analyzing the whole data and addressing three
phenomena of analogical thinking in design.

Backgroud Knowlege

Phase One: Conventional Media

Experiment e . | Design Assignment oo
p—) Phase Two: Digital Media )
Brief Interview
Analysis Major: Visual Data (from design assig : :
Minor: Verbal Data (describtion design process and some specific qucsri(y... .............
Coding Schema

Data Processing

Fig 1.3.1a The Research Structure

This paper structures as five chapters. First chapter give the simple image of this paper and
research problem and goal. Second chapter introduces the research background and formal
related work. Third chapter plans the entire structure of the experiment. And based on the
third chapter the analysis of experimental results is showed in chapter four. Fifth chapter is

conclusion, limitation and future studies.
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Chapter 2: Background Review

2.1 Role of sketching in the design process

2.1.1 Design process

Design process has been widely explores in design research domain. Form follows function
and function follows form—is a classic expression in design for a long time. Different views
about design process have emerged in the last forty years. Alexander (1964) proposed
“analysis-synthesis” model for design activities. B. Munari has proposed that design is a
process from problem to solving (Liu, 1996). W. Pefia and S. Parshall (1987) asserted that
design is a process from problem-seeking to problem-solving. DA Schon and G Wiggin (1992)
advocated a theoretical model of design thinking "seeing-moving-seeing" and they have the
idea that design is a circulation, which means a progress from finding problems with seeing,
modifying models with moving, and then observing effects with seeing again. A. Purcell and
J. Gero(1999)have proposed that a characteristic-of the design process is the use of a number
of different types of sketches, and the relatively unstructured and ambiguous sketch occurs

early in the process.

Nevertheless, R. Hanna and T. Barber (2001)have proposed that the digital media has
transformed the traditional design method-of ”sketching-to-concept formulation” into “a CAD
approach-of thinking-to-concept formulation,” which means that designers do not need to use
sketching to construct their design when single digital media is used in design process. It
demonstrates that the new media has changed the design process. It also means that working
in the three dimensional forms demands the architect to more than just a problem solver
(Abdelhameed, 2004). The design process has no ideal step-by-step technique; rather, there
are many different styles of decision-making, each with individual quirks as well as
manifestations of common characteristics (Rowe, 1998). According to Goel(1995), design
process has been recognized as involving complex cognitive tasks. The basic activities in
design includes exploration of the problem space, creation preliminary solutions,

understanding consequences of design decision, and so forth. ( Achten and Joosen, 2003 )

2.1.2 Sketching
Even though some scholars asserted that the sketching has replaced by single digital media in
the design process (shown above), sketching still possesses some important characteristics

deserving our attention. Theses characteristics are also helpful to make us know more about
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design process, understand how creativities are stimulated by sketching and try to find the

same nature happened in the digital media.

Sketching of image has been a part of human cultural production for a very long time. If
evidence from hunting gathering societies in any guide, people drew before they built. As a
symbol, sketching has a dual and contradictory nature for societies. Sketching is the
phenomenal representation of a conceptual practice; moreover, sketching can also provide a
code or template that guides the social production of the object it represents. Within
architectural practice, sketching as a pure cultural conception and cultural production defines

the world free of any institutional, political, or economic constraints (Robbins, 1994).

At the same time, sketches are the designer’s principal means of thinking: the origin, nature,
and method of obtaining knowledge in architectural design can be explained largely in terms
of a few culture-dependent properties of study sketching (Herbert, 1993). Sketching today
serves as primary medium for generating, testing, and recording individual architect’s own
creative and conceptual musing about a design. Sketching is also seen a language because it is
used to communicate ideas with others-and to instruct other about design, and describe a
world of objects through a series of personal and conventional representations. It cannot be
described by any grammar because of‘its level-6f ambiguity and the multiplicity of ways that
it can be seen, cannot be readily described-by-thesuse’ of other sketching in the same way
(Robbins, 1994).

In addition, sketching are more than just a convenient way of working out design problems.
According to the book “what designers know” by Bryan Lawson (2004), the process of
sketching is one of the best ways we know to absorb design ideas. The need to pass an idea
from eye to mind and then hand results in a level of understanding not necessarily achieved
when simply looking at or even photographing an object or place. Paper and pencil sketches
are one form of externalization of mental images, and therefore can inform us about
characteristics of these images (Gero, 2001).Architectural designers are taught to use
conventional paper and pencil media when developing conceptual designs. Beginning with
the simple sketch, the doodle, and the proverbial cocktail napkin diagram, designers develop
ideas graphically through the medium of freehand soft line sketching on tracing paper.
Sketching activities include finding, adapting and combining new forms with previously
learned shapes and structures, for example from precedents, design studio experiences and
case studies. Designers sketch to explore design solutions, to record their ideas, or to illustrate
them and communicate them with others. The act of sketching is important not only as a

vehicle for communication; it actually helps designers see and understand the forms they

6
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work with (Do and Gross., 1995). Architects could not promote their idea without using
sketching in it germination or its evaluation. Wile defining, exploring, and redefining a design
problem, architects construct, evaluate, and form their design ideas by utilized different type
of sketching (Abdelhameed, 2004).

Fig 2.1.2.a Sketching thinking process ( Laseau, 2001 )

When we understand the importance of the freehand sketching, how it is difficult to be
replaced and what the special characters it possessed deserves the attention. Early in the
process, designers generate as many ideas as possible. Freehand sketching are integral to this
process, raw sketches that can be readily ;generated, revised, refined, and consolidated in
concert with development of the ideas. Sketches serve as a thinking tool for designers
(Robbins, 1994; Schoén, 1992; Goldschmidt, :1995).: Suwa (2001) also presents a view about
freehand sketching. He asserts that'sketches are used by professionals not just to express ideas
but also to generate new ones. Reexamining.'cld sketches, even one’s own, can lead to the
discovery of new ideas. It is through their reinterpretations that old sketches may be used to
generate new ideas. One way is through regrouping parts of a sketch to form new wholes.
Goel(1995) indicates three characters about why the symbol system of sketching be correlated
with the preliminary stage of design process, which including: firstly, the dense ordering of
symbols in the system of sketching gives the tokens a degree of fine-grandness by making
every distinction count as a different symbol. This reduction in distance between symbols
helps insure that possibilities are not excluded and helps to transform one symbol into another.
Secondly, ambiguity of the symbol system of sketching insures that the reference and/ or
contents of symbols during the early phases of design are indeterminate. Ambiguity is
important because one does not want to crystallize ideas too early and freeze design
development (Fig 2.1.2.b). Lastly, the dense ordering of reference or content classes in the
symbol system of sketching insures that possibilities are not excludes and helps to transform

one idea into another.
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Fig 2.1.2.b Le Corbusier: part of sketch showed the ambiguity (Herbert, 1993)

2.2 Analogy in design
2.2.1 Analogy

Analogy, born of the human desire to achieve union with that which one does not possess, is

also a passionate process marked by fluid oscillations. Perceiving the lack of something —
whether physical, emotional, spiritual, or intellectual — inspires us to search for an

approximation resemblance to fill its place(Stafford, 2001). Analogy is also a particularly
useful approach for solving an unfamiliarinew. problem without adequate or directly
applicable knowledge. The idea in the use of .analogies in theory construction is to use
knowledge from some other domain as_ a seurce of new -ideas to construct the theory in the
target area (Prieditis 1988). The aim of the cognitive activity is “to simulate” the perceived
real while elaborating a mental analogy; and;to simulate the conceived real while elaborating
an analogon idea. In these conditions, the analogy, that appears us in the beginning and to the
term of the knowledge, is the means and the end of it at a time. (Morin, 1986)

It is possible to find examples of analogous models in very early stages of human
development, since one of the most common strategies for resolving problems is in fact
imitation, the reproduction by other means of an external referent, often taken from
nature(Pita, 2005). Based on the nature of the knowledge transferred from previous
experience to the new problem, the analogical reasoning approach can be classified into two
categories: transformational analogy and derivational analogy (Carbonell 1982).
Transformational analogy adapts the solutions to the past problems for the new problem.
Derivational analogy applies the past problem solving processes or methods to solve the new
problem. By analogy, the relations between the new problem and some past experience or
knowledge about a particular phenomenon can be found. This experience or knowledge can
be placed in the new situation so that the new problem can be better understood or a new plan

for solving the problem can be generated (Gero, 1991).
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2.2.2 Analogy oriented architecture

Throughout the design literature, analogy has been ascribed a key role in the design of
architectural masterpiece (Lawson, 2004; Rowe, 1998; Leclercq, 2002). The reason analogy is
important in the context of design has to do with the displays that designers consult. As noted
earlier, such displays are extremely diversified in nature and origin, and as we shall presently
show, they do not necessarily benefit design as exemplars within the domain in which the
designer is working (Goldschmidt, 1995). To support analogy, discovery and invention are
presented as an important focus of their work. Discovery brings the power to bear on a
problem at a moment in time and the success of discovery in design is greatly dependent on
the quality and quantity of the other types of graphic thinking. Invention seeks the basic
discovery, the original idea for the project; concept formation converts the discovery into a
graphic and verbal statement that can give the basic direction to the full development of the
project. The power of a good inventor to invent depends on his ability to see analogies

between results and, secondarily, on his ability to see them between devices (Laseau, 2001).
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Figure2.2.2.a visual analogical process by sketching (Do and Gross, 1995)

The design literature uses the term” analogy” very loosely, as we use it in everyday life,
where it often denotes similarity or resemblance in a general sense (Goldschmidt, 1995). It is
a process that designers stimulate their creativities and design ideas by integrating or
associating with their individual life experience, the nature of objects, the whole creation on
the earth, the physics, or life experience. It means that architects inspired their design ideas by
their experience. According to Rowan’s opinion (1962), the term “experience” defined that
the quality of individual life, and perhaps the survival of human life as a whole, depends on
the ability and disposition of human being to think original thoughts, to reshuffle familiar
facts into new pattern of meaning, to perceive reality behind illusion, and to engage in daring
leaps of the imagination. For example, Tzonis(1992) has dwelt on the use that was made by
Le Corbusier of a number of images, which Tzonis refers to as precedents, including a ship, a
wine bottle-rack, the savage hut and the Greek temple. Tzonis claims that the forms Le

Corbusier invented for Unite Habitation were (Figure2.2.2.b), in part, in analogy to those
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images, which Le Corbusier retrieved from memory (Goldschmidt, 1995). Other Examples
can be found in the oeuvre of no less than Frank Lloyd Wright, Rem Koolhaas and Gerrit
Rietveld- the name only a few. The columns of Wright’s Johnson Wax building
(Figure2.2.2.c), for instance, would have been shaped by analogy to water lilies. (Leclercq,
2002)

Figure2.2.2.b [a] The Unite Habitation in Marseilles
[b] The Ocean Liner Poster (Goldschmidt, 1995)

Figure2.2.2.c The columns of Wright’s Johnson Wax building

Empirical research on analogy in architectural design has focus primarily on the use of visual
analogies (Leclercq and Heylighen, 2002). Of all instances of analogy, designing is most
concerned with visual analogy. Sketching gives rise to interactive imagery and enhances
analogical reasoning (Goldschmidt, 1995). Graphic design process is assisted by sketching.
Most architects used pencil or charcoal pencil to develop their idea in conceptual design
process. The lines they drew are obscure that leads to the possibilities of analogy (Smith,
2005). There are two possible ways that the analogy happened in graphic design process. First,
designers look for forms that are similar in shape to what they have in mind, and perhaps
rough sketches on the sketching board suggest or recall a shell, a rock, or an architectural
precedent. Le Corbusier’s crab shell roof for Ronchamp would seem to fit this category.
Second, designers think of forms that are linked through some concept about the design at

hand. For example, the section of Kahn’s performing art center at Fort Wayne has the form of

10
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a violin in its case. Here the concept of music and the need for acoustic richness in a concert
hall seemed to play a key role in suggesting the building’s form. We call these two ways of
finding visual references ‘shape reminding’ and ‘conceptual reminding’ (Do and Gross,
1995).

In addition, analogy is a powerful problem solving strategy that can help explain new and
non-routine problems in terms of familiar ones. The production of an unlimited number of
unexpected solutions that are significantly different from earlier designs is a characteristic of
non-routine design. Design problems are described as major examples of non-routine
problems (Gero and Maher 1993). Thinking in terms of analogy involves the transfer of prior
knowledge from a familiar situation (named the source), to a situation that should be
elucidated (named the target). Structure-Mapping Theory supports the view that an analogy
can be characterized as the application of a system of major structural relations from a source,
to the problem to be solved (Gentner 1983).

2.2.3 The classification of analogy
When we understand the importance:of analogy in-désign domain, we should know how to
definite analogies and where analogies come from. Different views are showed by several

scholars.

Firstly, Ricoeur (1994) reported five levels of analogy: the analogy of proportion and equal
relations, form, function, organization or structure, the free analogy, or poetical. The five
levels are established on the whole state of language. In the poetics, analogy in the sense of
“proportion” is at the root of the fourth class of metaphor. Proportion relates two quantities of
the same kind in direct relation of one to the other. The structure is the arrangement of parts in
a piece of writing. Other levels, such as form or function, are the elements of language. In
addition, the “property” does not be included in the five levels of analogy since the property
belongs to the sphere of things, not of a word. But the limitation does not happen in design
field.

Proportion: equal relationship between A and B
Form: a way of writing
Function: some special purpose of a word or a writing

Organization or Structure: the arrangement of parts of literature or poem.

o &~ DN

Free analogy or poetical: imaginative metaphor and showing deep feeling

11
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Secondly, William Gordon(1968) has defined four types of analogy: symbolic, direct,

personal, and fantasy.

Symbolic: it is a comparison between general qualities of the two objects, such as the
Latin cross and the plans of many churches.

Direct: it compare parallel facts or operation. For instance, the house is designed to have
the same cooling characteristics as a tree shades.

Personal: the designer identifies himself directly with the elements of the problems.
Assuming that the prime consideration for this house is warmth and comfort on the winter
days without large use of nonrenewable resource, the designer might imagine him to be
the house. To make himself comfortable, he might lie close to the ground below the ridge
so the cold wind can pass over his head.

Fantasy: it uses a description of an ideal condition desired as a source for ideas. In the
case of our recreational house, the designer might fantasize about a house that opens itself
up when the client arrives on the weekend and automatically close up when the client

leaves. It could symbolize a tulip that opens.and closes.

Moreover, Paul Laseau(2001) alsg defined |these “references” in details(Figure2.2.3.a). He

showed that the analogies are easily recognized in-our-everyday invention. The possible

models from which to draw analogies can"be-classified /by categories as physical, organic, or

cultural, and the subcategories include;

o N o g > w D oE

Structural: Referring to shape or relationship.
Mechanical: The way something operates
Control: Maintaining a condition

Plant: Goal orientation and differentiation
Animal: Behavior

Man: imagination and choice

Society: interaction, competition, organization

Symbolic: conventions, references, suggestions
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Figure2.2.3a The sources of analogies (Laseau, 2001)

In addition, among the all kinds of:sources of analogies, organic analogy, which is also called
the biologic analogy, is the most=important-type of 'visual analogy. Biology is a recursive
source of architectural inspiration due to-the tight-relationship between form and function, the
natural balance of forces and the corresponding-geometric solutions found in living beings.
Roughly, one can classify historical analogies between architecture and biology into two main
categories. The first tries to mimic biological forms and the second biological processes
(Couceiro, 2005).1t is very common to see life forms represented in architecture. We have all
seen buildings with biomorphic allusions to plants, animals or even anthropomorphic
allusions. Furthermore, architects and designers like Frank Lloyd Wright have referred to
organic architectures not only from the shape but also from the functioning point of view
(Couceiro, 2005). Accounts of creative architectural design often mention natural and
artificial objects as sources of architectural form. For example, Le Corbusier wrote, “the shell
of a crab picked up on Long Island in 1946 is lying on my sketching board. It will become the
roof of the chapel”. Le Corbusier also urged young architects to study and draw from nature.
Similarly, Wright stated that the form of his Unitarian meeting house in Madison, Wisconsin
derived from the form of hands clasped in prayer (Do and Gross, 1995).
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Figure 2.2.3.h:.
[a] Le Corbusier’s Ronchamp - a crab shell;

[b] Wright’s Unitarian meeting house - hands clasped in prayer. (Do and Gross, 1995)

2.2.4 The Construction of Analogy

To instantiate the utilities of analogical thinking to designing, the author shows some theories
of analogy from other fields. Firstly, K. Holyak and P. Thagard(1996) proposed the notions of
“system structure” given with the help of explaining analogical thinking. It fundamentally
involves the simultaneous satisfaction of the constraints of similitude, structure and purpose.
The analogy functions through a construction of relation between the object source and the
goal object in establishing relations of different level of similitude. When people think
analogically, people do much more than just compare two analogs on the basic of obvious
similarities between their elements.“Similarity, at a more’.general level emerges as the results
of applying the constraints of structure and purpose. These constraints apply at all stages in
analogy use: selection, mapping, evaluation, and learning. After a source analogy has been
selected, that maybe by active retrieval from memory or by some references point it out,
mapping can guide the construction of similarities between the source and target. Once two
situations have been mapped and the source has been used to generate inferences about the
target, one might suppose that the job is done- the process is evaluation. The final stage is

learning more general schemes as a consequence of solving problems by analogy.

Similitude

Structure

Figure2.2.4a System Structure

14



Three Phenomena of Analogical Thinking in Design
Conventional Media vs. Computer

Secondly, Gentner(1983) asserted that an analogy can be categorized into surface analogy and
deep (structural) analogy. Surface analogies relate to easily accessible or superficial concepts
of object properties. Structural analogies, on the other hand, involve a system of higher order
relations that are based on deep properties of a familiar situation. The structure-mapping
theory distinguishes three levels of complexity in analogical thinking, each of which is tied to
an increasingly abstract form of explicit knowledge: attribute mapping(based on attributes of
objects), relational mapping(based on higher-order relations between relations), and system
mapping(based on higher-order relations between relations).The interpretation rules are
characterized as implicit rules for mapping knowledge about a base domain into a target
domain. Gentner’s structure mapping theory paves the ways for a theory of transfer of
configurationally relations from a display(base, or source) to a task at hand(target).
Configurational qualities equate syntax which stands for structure, whereas issues of subject
matter equal semantics, or object attributes and features in Gentner’s model. The notion of
configurational transfer is important because it is relevant to our efforts to provide the
designer with assorts displays in the form of visual databases. Besides, Novick(1988) has
shown that for experts, problem solving makes positive use of analogical transfer when the
features shared by the base problem and-the target:problem are structural. In contrast, when
the base and target share surface features (object attributes) transfer is more like when the

problem solvers are novices, and it is often negative transfer.

Moreover, Casakin (2004) reported that the main processes of analogical reasoning consist of:
(i) identification and retrieval; (ii) mapping and transference. An analogy can be established
between two different domains, each of which embrace dissimilar knowledge, but with a
common shared correlation based on similar structural aspects. This type of analogy is known
as “between-domain”, where the source and the target problem belong to different and distant
domains. In cases in which source and target are embedded in the same or very close domain,
the analogy is called “within-domain” (Casakin , 2004). In addition, llse M. Verstijnen(2001)
addressed the third kind analogical domain * within domain” that is the source and target stem
from the same domain. Therefore, analogy has different aspects and three kinds of domains,

and where the sources of domains come from.

2.3 Digital media in Architecture

2.3.1 Conventional media and Digital media
The development of media has several periods. In ancient time, almost architects expressed
their design process with written record (Hweitt, 1985). Designers only showed their abstract

concepts of visual design by two-dimensional sketchings before the Renaissance era when the
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representation of architecture design was still limited (Goldschmidt, 1999). Even though the
scale models have appeared in Ancient Egypt, classic Greece, and Imperial Rome, they
almost were used to religious activities (Smith, 2004). The most important attribution of
Renaissance architects was that they started to use a vast number of small-scale models in the
design process to display their concepts. This new way of representation could make the

result of design more accurate (Millon, 1994).

By the beginning of the twenty century, the limitation of traditional architectural form was
broken by a few architects, but these innovation buildings were only built by imagination.
However, the way we engage in the design process has been changed the appearance of new
technology when computer appeared. The traditional media as sketch concretes designer’s
ideas in the way of sketching plans, elevations, sections, and perspectives on a sheet of paper,
but the computer media serves as an integrated design tool provides 3D modeling, animation,
audio/video representation, and even the virtual reality and the co-operation in internet
environment on design. Such character of this new media not only make the complexity of
design form possible, but also effectively speed the design process, lower the budget, and
improve the communication with each ‘other (Lin,~2003). It not only breaks the traditional
design methods but also increases:the possibilities that exist within the design experience:
digital media has the capacity to improve design cognition, intuition, and creativity (Hanna
and Barber, 2001). It is possible that the traditional architectural elements, forms, and the
spaces are redefined by digital media because it-offers designers a better way to think

(Madrazo, 1999).The impact of computer media on design is enormous and powerful.

2.3.2 Comparisons between two media

In 1963, Ivan E. Sutherland, who is the pioneer of using digital media, proposed that the plan
of developing the sketchpad, the digital medium of line sketching. After that a large number
of researches focus on computer-aided design. Three important characters of the digital
performance include: First, digital information was transformed into the eyeable algorithm.
Secondly, users-defined parameters are display by hierarchical menu or input. Lastly,
computer-aided designs use machine, such as printers, the appearance of images, and
computer-aided manufacturing. Digital media restructure the architectural representation that
leads to infinite possibilities (Mitchell, 1998; Ho, 2006).

However, some scholars question the probability that the conventional media could be
replaced by the digital media. For example, Goel(1995) argues that the cognitive
computational conception of the world requires our thought processes to be precise, rigid,

discrete and unambiguous; yet there are dense, ambiguous, and amorphous symbol systems,
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like sketching, painting, and poetry, found in the arts and much of everyday discourse that
have an important, nontrivial place in cognition. He also maintains that while on occasion our
thoughts do conform to the current computational theory of mind, they often are—indeed
must be-vague, fluid, ambiguous, and amorphous. He argues that if cognitive science takes
the classical computational story seriously, it must deny or ignore these processes, or at least
relegate them to the realm of the nonmetal (Goel, 1995). In addition, some research on the
functions of sketching in architecture (e.g. Herbert 1993; Lawson 2004; Robbins 1994)
remind us that though digital media is used for making and editing mechanical working
sketching and for producing renderings and animations for clients, sketching is still the
medium of choice for creative design and design development. Despite software that helps
designers produce cleaner and more precisely drafted sketchings, few designers feel computer
tools actually help in developing designs. It may be that CAD software is too structured for
conceptual design thinking, which uses freehand sketching as its primary mode of
development. sketching-thinking with pencil-remains is an essential design skill (Do, 1995).
Due to the essential of sketching, many researches have been done to improve computational
design system for sketching and sketching, For instances, Wellner(1993) provide a system
called DigitalDesk(Figure 2.3.2.a) ;to enhance sketching and sketching behavior. The
Electronic Cocktail Napkin(Figure 2.3.2.b) |developed;by Gross(1996) is am experimental
computer-based environment for sketching and-diagramming in conceptual stage of design.
Lim (2003) made an experiment comparing-differences-and similarities between the digital
media, the Electronic Cocktail Napkin, and traditional freehand-sketching. He had a
conclusion that there are few differences between the two interfaces and using computer
environment could make the sketching strokes transform into the concrete digital
three-dimensional images. Thus, digital use this media that could gain more visual feedbacks

that includes not only ambiguous sketching lines, but also specific three-dimensional images.

Figure2.3.2.a the DigitalDesk
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Figure2.3.2.b the Electronic Cocktail Napkin working screen

Apart from attention to how we simulate the freehand sketching in the digital media,
broadening the potential of the digital media is the important issue. Architecture that is always
very attentive to the technological innovations remains for the meantime conservative in its
whole, and seems to be influenced more in its form by new construction technologies and
materials. Their use produces transparencies, disappearances, apparitions and new space
dialectics: interior-outsides, skin-structure, etc (Porada, 1999). A number of applications have
shown that graphics CAD systems can be operated by lay users to make an effective
contribution to architecture. An important advantage.of the computation design systems is
that they can provide users with access to tutorial, engineering and cost-evaluation procedures.
This information may help users to create design alternatives with realistic cost and
performance attributes (Aish, 1986): Due-to-these.advantages of digital tool, some scholars
believe that the drafted sketching process could be replaced by only digital media. R. Hanna
and T. Barber (2001) proves that using digital media as the only design tool can be addressed.
When experimenters were asked to use digital tools only, they modified their design approach.
Instead of using the conventional approach of sketching=-concept formulation, experimenters
shifted to new approach—a approach of the digital media—of thinking=-concept formulation.
Further empirical research is needed to assess the impact of this shift on the quality of design
solutions. Figure2.3.2.c is show an attempt by the experimenter to use digital media as a tool

to enhance the creation process of design composition. The experimenter has created a

‘penetrating’ design composition by breaking the rigidity of the linear grid with a diagonal,
non-orthogonal mass.

Figure2.3.2.c Using the digital media as the only tool in the conceptual design process
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2.3.3 Three Dimensional Representation

The three-dimensional application is one of the manifestations of the computer media in
digital design. Although the sketching conventions are economical to use, the problem with a
two-dimensional symbolic system is that perceptual ambiguity may occur when multiple
two-dimensional views are used to communicate more complex three-dimensional objects. It
is acknowledged that three-dimensional graphics, such as perspective views, can be used as
an effective output system, but it is difficult to see how users can directly generate or
manipulate three-dimensional geometry via such computer-generated views (Aish, 1986). The
three-dimensional model is on an equal level as a structural model, physical model,
materialization model, and so forth. It also possesses some special characteristics differ from
other design media. For example, making architecture become more three dimensional in
design exploration and in representation is one of the most important characteristics of the 3D
modeling. This transition to three dimensions makes the processes of visual design thinking
more related to digital media (Abdelhameed, 2004). Designers can simulate designs by using
many different angles and scales, when they,are.no longer restricted by the two-dimensional

grid.

In addition, Sorte (1975) demonstrated that different two=dimensional and three dimensional
graphic, photographic and modelling.technigues-used to-represent typical buildings may not
evoke the same responses from subjectsias did the buildings in reality. In particular, he found
that plan sketchings were an unsatisfactory presentation method, while simple
three-dimensional models were more effective. One of the factors which, it is suggested,
contributes to the success of physical modelling presentation methods is the facility which
such a modelling system provides for the user to acquire an unambiguous perception of the
size and shape of exterior forms and interior spaces by allowing the user to vary his eye and
viewpoints. The user also moves around (and possibly through) the model and is, therefore,
able to achieve compatibility between visual and positional cues which will also occur in the
perception of the real building. Three-dimensional modelling systems provide a design
environment which is more realistic and therefore is likely to evoke responses which are more

similar to the responses to real buildings (Aish, 1986).

Not only realistic, three dimensional applications possess some other special characters that
other kinds of media do not have. Henri Achten and Gijs Joosen(2004) defined several

distinct characteristics of the three-dimensional model of digital design process including:

1. Continuous modeling
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During the traditional design process, the designer usually produces a lot of sketches and
models, which involve many resketching, tracing, and modeling; however, the
three-dimensional model has a potentially longer life-span which does not require continuous

reconstruction.

2. Continuous pliability

The technique of three-dimensional modeling allows for a gradual development and
refinement of a shape without the need to delete an old shape and create a new one. It
becomes easier to consider the shape as a preliminary one which is under constant revision,

rather than as a fixed shape.

3. Localized focus
The level of detail can be adjusted in the places under consideration by means of refinement
of the underlying NURBS-equation. This implies that design change occur locally while the

rest of the model updates the changes that are made.

4. Postponed decision

Combined with the characteristics of localize-focus, designing becomes a constant process of
gradually refining parts of the design;at the same time, the three-dimensional model has to be
translated to a built-able solution. Such transformation usually leads to a loss of versatility. It
means that the decision of to “collapse” a surface -has be postponed and also showed that

three-dimensional model has to seen as temporary.
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Chapter 3: Experiment

In order to achieve the objectives, there are three parts consisted in this research. Firstly, the
experiments are involved two phases. In the phase one, subjects are asked to generate
concepts with conventional media, such as pens or pencils, which the subjects used habitually.
When the subjects finish their design assignment, they are asked a brief interview which
includes describing their design process and answering some specific questions about their
sketches for the minor data of analysis. In the phase two, the author would like to understand
the same thing as the first experiment in a computer-aided way. The unsuitable subjects were
eliminated from the phase one of the experiment and the suitable ones proceed the phase two
of experiment which also contains the same kind of design assignment. Finally, the author

chooses three subjects from five subjects.

After these experiments, the second part of the method is the analysis of the results from the
fore experiments. The major analytical source is the visual data from experiments, and the
minor data is form the verbal data which are the design processes describing by subjects and
the questions that subjects been asked after the-experiments. Then, the author uses a coding
scheme to analyze the major visual data and:-minor verbal data. In addition, one pilot
experiment would be gone on to ' confirm.the_structure of experiments is feasible and
reasonable. The final part of the“research is analyzing the data and addressing three

phenomena of analogical thinking in design:

Backgroud Knowlege

Phase One: Conventional Media

e
e Phase Two: Digital Media

) Design Assignment

Brief Interview

Fig 3.1a Structure of Experiment

3.1. The experimental clarification

In this section, the author describes the details about how to design the experiment and how to
conduct the experiment. They are involved the subjects choosing, two phases of experiment,
the design topic of experiment, design tools, the recorded methods and the limitation of the

experiment.
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3.1.1. Choosing Subjects

The object of research tries to understand analogical thinking process in design domain and
explore how designers transfer of concepts from one field to another. Accomplishing the
process should possess abilities which are abundant creativities and expertise in architecture
design. Therefore, the author selects sex expert designers who have more than five years of
design-based education. All of them are proficient at conventional media and computer
simultaneously. They use one or more computer applications frequently when they generate

their designs.

However, every designer has different design method and thinking. Even though these
subjects have professional design experience, it does not mean that all of them could design
with analogical thinking. The short warm-up experiment could not prove effectively that the
chosen subjects are suitable for designing with analogical thinking. In order to make sure that
the experimental results are worth discussing, six subjects participate in the phase one of
experiment and then the author measure the experimental results based on the following basic
analogy theories (Novick,1988; Genter, 1983; Halyak and Thagard,1996; Goldschmidt; 1995).
If any subject’s design does not achigve any one of the-two theories, he or she is unable to go

on the next phase.

1. Analogical thinking is a process form source totarget.
2. The positive use of analogical transfer.is that the features shared by the source and target
are structural. In contrast, when the source and target analogy shares only objects attributes

transfer, it is often negative transfer.

Finally, three of these subjects cannot accomplish the objects. One subject indicates that he
could not think with analogical transfer to design. Experimental results of two other subjects
show only objects attributes in their design.

3.1.2. Two phases of experiment

When the researchers discuss the analogical transfer, most of them mention the relationship
between analogy and sketching. The author tries to comprehend the analogy in design domain
deeply and understand the analogical thinking process in different media. However, every
subject has different design thinking and method. The only way to judge the comparison
between analogical thinking using conventional media and computer fairly is that let the
subjects participate in two experiments using different media. Thus, the experiment has two

phases. The phase one is a design assignment using conventional media and the phase two is
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the other design assignment using computer with similar topic. Two phases have an interval

of one month.

3.1.3. Brief interview

After every phase of design assignment, a brief interview would help the author understand
the design process accurately. The analogical thinking is too complicated process to
understand only by visual data. When the subjects remain memory, they are requested to
describe the design process, and then some specific questions are asked by the authors. The

brief interview is about fifteen to twenty minutes.

3.1.4. Experimental topic

Every analogical thinking process involves source and target (Genter, 1983; Holyak and
ThaGard,1996; Goldschmidt; 1995). Thinking in terms of analogy involves the transfer of prior
knowledge from a familiar situation (named the source), to a situation that should be
elucidated (named the target) (Gentner 1983; Novick 1988). The identification and retrieval
of a similarity between potential relations sinsthe, target, and known relations in the source
enables to understand the new situation on the basis of-a familiar situation.In design domain,
the source means that something inspires-the design-idea and the target signifies the design
purpose. This experiment is the short time design assignment and subjects must finish their
conceptual design within restricted-time, Also, the sourceand target are not the main research
goal in the study. In order to achieving:the experimental purpose in limited time, the design

ideas and the design purpose are bounded by particular resource and one topic.

The sources of analogy are various, such as structural, mechanical, plant, animal, society, etc,
but the organic analogy is one of the most widely discussed issue in design domain (Couceiro,
2005; Do and Cross, 1995; Gero, 2006). Therefore, the author selects two organisms that the
subjects maybe know but not really familiar with, and offer them the reference materials to

them to build their knowledge background.

In addition, the design purposes cannot choose traditional topics that are too easy to design,
but complex topics also are not a good selection to quick designs. Therefore, novel topics
have simple function that it is easy to handle and has much space to be developed. Finally, the
author decide the first design topic in the phase one is “a roadside stall design which inspired
by the concept of the jellyfish.” The second design topic on the phase two is “transient living

space which inspired by the concept of the sponge.”
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3.1.5. Building background knowledge

In order to avoid the surface analogy (Gentner, 1983), the author offers a material to build the
subject’s background knowledge before the beginning of every design assignment. The
material containing text and graphics have explicit introduction about two design sources
“jellyfish” and “sponge”. All kinds of knowledge about the sources are listed to improve
efficiency of obtaining information from the material. Subjects have ten minutes to read the
material before generating their design. When they start developing their design, they still can
skim the material at any time they need.

3.1.6. Experimental tools

The subjects are requested to use their habitual tools in the two phases of experiment that
make them generate their concept as usual. In phase one, the author asks the subjects to
prepare the conventional tools that they use habitually. In the phase two, it also does not limit
what kinds of applications the subjects use. The author arranges for all applications that the
subjects need, such as 3Ds max, Maya, Sketch up and FormZ. Besides, the author prepares
the AMD Turion 64 Mobile notebook Wlth154mch monitor, keyboard and mouse.

3.1.7. Experimental time and recorded nlrethods _

Because the subjects generate -thelr con;:eptual de5|g:n in recorded circumstance, the
experimental time could not be t00" iong SubJMneratmg conceptual design in experiment
phase one is about forty minuets. The' pllot experlmen‘t shows that when designer generating
their design with computer is more time consuming than conventional media, so the design
assignment in the phase two is about one hour. If subjects think the time is not enough to
complete their design concept, ten minutes could be prolonged. In addition, the whole

processes are recorded by video. For the unease of getting visual data, the author takes a

photo with digital camera per minute.

Fig 3.1.7.a the experimental environment and recorded methods
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3.1.8. Limitation

Analogy has the various types, different levels, and diverse resources, but this study is only
aimed at organic analogy as the experimental topic. Because the author focuses on the
analogical thinking process, much variability would disturb the objectives of the research.
Therefore, the author has to choose one kinds of analogical transfer that must be the limitation
of this study. On the other hand, it is difficult to find expert designers who proficient at
conventional media and computer simultaneously, but too few experimental data are
unconvincing. Ultimately, the author chooses experimental result of five subjects to be the

analytical data of the study.

3.2. Experimental scheme

This section discusses two parts of the research including hypothesis, two phases of the

experimental design assignments.

3.2.1. The phase one: design with the conventional media

The Phase one of the experiment is about the process that designers generate their design by
analogical thinking while they use .conventional media’in the concept generation stage. The
objective in the phase is to comprehend the process analogical thinking accurately and regard
this results in this phases as the-foundation of studying the analogical thinking in digital

media.

1. Subject: six architectural designers who have perfect ability of generating concepts, using
conventional media and proficient at one or more digital media. They all have been educated
with more than 5 years of architectural design.

2. Topic: the new type of roadside stalls which inspired by the concept of the jellyfish. The
topic has simple functions that it is easy to handle and has much space to be designed.

3. Tools: the conventional tools that the subjects use to generate conceptual design, such as
papers and pens.

4. Process: subjects were asked to generate one or more conceptual design.

5. Time: The sum is about one hour. Before the subject start to generate, the author described
the demand of experiment to the subjects and also let them to read the related materials and
think for ten minutes. Then, the subjects could generate their design for forty minutes. If they
think the forty minutes are not enough to complete their design concept, ten minutes could be
prolonged. After the concept generation part, the author would ask the subjects to describe
their design process and answer some questions about twenty minutes.

6. Recording Process: during the experiment, the subjects are recorded by video among all
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time. And the author used digital camera to catch some visual images.
7. Interview: After the experiment, the subjects are some specific questions about their design
for the minor data of analysis. This process would be recorded by the voice recording and the

video.

After one phase of the experiment of, the author has known the analogical thinking process of
designer while using conventional media generating concepts. After the experiment in the
traditional way, the experiment in computer-aided way in the same degree is that the author

mainly discuss. Therefore, there comes the phase two of the experiment.

3.2.2. The phase two: design with the digital media
This phase is about the analogical process that designers generate their conceptual design
while using computer media. The objective is to know if the analogical thinking of generating

concepts could be happened in the computer-aided aspect.

1. Subject: three architectural designers proceed the experiment two because three unsuitable
subjects are eliminated (the reasons are shown the next passage).

2. Topic: transient living space which inspired:-by. the 'concept of the sponge. The topic has
simple functions that it is easy to handle and has‘much-space to be designed.

3. Tools: Hardware (AMD Turion 64 ‘Mobile-netebook; 15.4 inch monitor, keyboard and
mouse), Software (computer applications that the subjects use habitually to design, such as
3Ds Max, Maya and Sketch Up, etc.)

4. Process: the same as the phase one.

5. Time: the sum is about one hour and twenty minutes. The time of subjects generating their
design extends to one hour. Other parts are the same as the phase one.

6. Recording Process: the same as the phase one.

7. Interview: the same as the phase one.
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3.3. The summary of the experimental process

The passage is a discussion about the experimental process and results. The recording data
(visual data) is the main source and the brief interview (verbal data) is the minor data. The
author uses the two kinds of data to describe the design processes of three subjects. The key

point of this passage focuses on subjects’ analogical thinking process, not the design results.

In addition, because every subject carries out two phases of experiment results, three subjects
have six experimental results and processes. Therefore, this section is divided into two parts
included phase one and phase two. Before describing the experimental processes, there is a
brief description of the background of the three subjects. The full detailed data, such the

whole recording data or texts of brief interview, are given in Appendix.

Subjects A

Architectural design-based education: six years
Experiment of computer aided design: five years
Choice of conventional media: pen and ink
Choice of computer application: 3Dg:Max

(Currently he uses computer as main design tool and conventional media as supporting tool.)

Subjects B

Architectural design-based education: seven-years

Experiment of computer aided design: five years

Choice of conventional media: pencil

Choice of computer application: 3Ds Max

(Now he uses computer as only design tool, but sometimes he use freehand sketching to

stimulate design ideas.)

Subjects C

Architectural design-based education: six years

Experiment of computer aided design: two years

Choice of conventional media: pen and ink

Choice of computer application: Sketch Up

(He need to use both conventional media and computer application to design.)
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3.3 1. The results of experiment phase one: using conventional media

Subject A
Subject A spends fifty minutes to complete phase one of experiment. At the beginning, he

reads the source material and searches some keywords relating to space, such as flocking
together, illuminated, transparent, water jet and moving in reverse direction, and so on. Then
he begins to select some interesting images and learns the forms. He tries to find some special

forms or structures from the jellyfish; therefore, he firstly draws jellyfish, and then responds

to the design topic” roadside stall.”

Fig 3.3.1.a Subject A’s design result

The process of imitating and sketching the‘form-of jellyfish takes about 23 minutes. Firstly,
he sketches simple patterns of jelyfish™ (Fig 3.3.1:b."(a)). Later, he draws the umbrella
structure of traditional stalls, or is the style of traditional roadside stalls (Fig 3.3.1.b (b)).
Finally, he tries to connect sources and target. He puts the simple sketches of jellyfish and the
sketches of roadside stalls together (Fig 3.3.1.b (c)), and thinks how to build a relationship
between them. He draws, thinks, ponders, and sometimes goes back to read the source
material. In the process, he finds new keywords or new meaning and writes them down, such
as clusters symbolizing combination, eight meridional canals, water signifying transparency,

and so on.
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Fig 3.3.1.b (a) Imitating the form of jellyfish

(b) sketching the umbrella structure of traditional stalls

(c) putting the simple sketches of jellyfish and the sketches of roadside stalls together
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“When | generate my design, | could not always draw and draw. Sometimes | need to stop sketching
and thinks which sketch has the potential to develop. There is a transitional period from simple
imitation to design. Moreover, the previous sketching also help me to has a flash of inspiration for my
design.”

Then, Subject A chooses jellyfish tentacles and jellyfish’s character “flocking together” to
sketch, and tries to use the two key points to stimulate his thought. When he draws one sketch
(Fig 3.3.1.b (c)), he makes sure that this one is his conceptual diagram. Then he draws a
simple elevation to show the concept of his design (Fig 3.3.1.b (c)). Finally, he uses another
paper to draw details, functions, or structures about his design.

Fig 3.3.1.c (a) conceptual diaram

(b) Elevation of final conceptual design

“| think that the first step of analogical thinkingroriented design should be search, and then draw
something which you see in the source’ material. The intuitive process can make designer quickly
understand its structure, and it is helpful to the ‘later exploration and development. In fact, the form
would be transformed. At the beginning, the first sketch is really like a jellyfish, but designer may find
some important points in the first sketch, and applies them to the next sketch or transfers them to other
new thing. The process of sketching many diagrams could be accumulated a power to provoke

designer’s creativities.”

As far as the analogical ideas are concerned, Subject A searches some key words at same time,
but every diagram are discussed only one key words. After sketching many diagrams, he
starts to consider how to integrate these ideas. The definite transfers of analogical ideas would
be presented in final conceptual design. For example, at the beginning, he catches the some
key words, such as cluster, light, water jet and moving in reverse direction, tentacles , and so
further. The final design represents the large or small group of stalls, LED light source, the

line-shaped skeleton framing, and so on.
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Subject B

Subject B takes 45 minutes to complete phase one. Like Subject A, he spends almost time on
the mapping stage and he decides his final conceptual design at 33 minutes. At the beginning,
subject B reads source material and write some keywords quickly, including zooplankton
meaning can morphing, flocking together symbolizing combination, containing water
meaning inflated. In addition, because he thinks intuitively that the jellyfish is a “round”

animal, so the basic form of his every sketch is round.
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Fig 3.3.1.d Subject B’s design result

He begins to think how to integrate these ideas and-how to make them become part of a
design. He draws umbrella structure of tradittonal*stalls, and parallel relationships of roadside
stalls (Fig 3.3.1.e). Then he starts 1o think how:combine the source “jellyfish” and the design

target” roadside stall” together.

“When | think about how to connect jellyfish ‘With roadside stalls, | draw a basic form of
roadside stalls to understand what its characters are. Then | look at the previous diagrams
describing jellyfish, go back to draw the form of stalls, and look at the jellyfish diagrams
again. The process makes me know how to combine them together. For example, I find that
stalls have the character of horizontal arrangement, so | try to draw many circles to see
whether these circles are arranged to has some direction(Fig 3.3.1.e Right), but | feel it is
very difficult.”

Fig 3.3.1.e (Left) Umbrella structure
(Middle) parallel relationships of roadside stalls

(Right) arrange some circles
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Later, subject B finds that it is difficult to manipulate his design idea. He stops sketching and
write down some key words promptly. In this time, he finds a new key word “reverse” that
stimulate the developmental stages of jellyfish (the form of jellyfish reverses in
different stages). He begins to manipulate the possibilities of “reverse”; however, reversing
something with two-dimensional angle is restricted. He could not continue to test his ideas

and finally abounds this idea.

Fig 3.3.1.e (Left) Subject B finds the new key word “reverse”
(Right) sketching process

“In the process, | test the possibilities of flocking together. When | search the new idea”
reverse”, my thought is really confused: Because.there'are too many interesting ideas, | do
not know how to combine them with one design or how to present them with one angle.
Therefore, in the difficult circumstance, I"continue to draw many diagrams. When | draw one

diagram, my intuition tells me this is my conceptual diagram.”

The final concept is decided after repeating the process of writing keywords, sketching
jellyfish diagrams, and roadside stalls diagram. Then he draws some detailed structure,

functions about his design with another paper.

As far as the analogical ideas are concerned, subject B also reads the source material and
searches some interesting key words. However, because there are many analogical ideas, he
could not integrate them into one design concept at once. Therefore, he repeats many times in
the process of writing keywords, sketching jellyfish diagrams, and roadside stalls diagram.
His definite analogical transfers also represent in the final stage, including the form, structure,
inflated, and flocking together. In particular, subject B applies the concept of jellyfish’s
flexible body to his stalls design that the form of stalls could be changed and spreaded on the

surface by changing tangent lines.
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Subject C

Fig 3.3.1.f Subject C ‘s design result

Subject C spends 46 minutes to complete the phase one of experiment. At firstly, he writes
down some keywords, such as containing 95% water, transparent, three layers of jellyfish’
body, slender tentacles, cnidoblast(a type of cell as a means for jellyfish catch prey and
defend themselves from predators), and luminous body. At the same time, subject C writes
down some keywords to express the characters ©of ,roadside stalls, such as not fixed, cluster,
luminous lighting for attracting people, and.-so.on. Then he links the keywords of jellyfish
with the characters of roadside stalls (Fig 3.3:1.-g Left), In.the mapping process, he draws one
simple sketch of jellyfish (Fig 3.3.1..g Right).
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Fig 3.3.1.g (Left) Subject C writes down some keywords and build relationships between source and target
(Right) One simple sketch of jellyfish

After the mapping process with keywords, he confirms some relationships of functions

between source and target. At 17 minute, he begins to use some sketches to visualize these
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relationships (Fig 3.3.1. h Middle). At this stage, he tries to combine the relationship with the

image of jellyfish in his mind. He draws four diagrams to describe his thinking.

“I think the jellyfish is a light-weight and transparent animal. | consider how to connect this
image with my concept. Then | think maybe | can use inflatable membrane to symbolize the
movement of contracting muscles and then releasing the contraction, the feeling of
light-weight, and the transparent appearance. Moreover, | transfer jellyfish’s tentacles as a
skeleton, so I start to draw my conceptual draft. After finishing the draft, | begin to consider
more realistic parts, like how to inflate the stall, how the skeleton framing works, the scale

relationship between the stall and the person, etc.”
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Fig 3.3.1.h (Left) Subject C connects the relatlonshlp betweeri sourcesand target
(Middle) Subject C draws several drafts to visualize the 'relatlonshlp

(Right) sketching main sketch to'show his design -

At the final stage, subject C build'sr‘al‘n%ost desig‘n_‘ideas and he starts to draw the final
conceptual diagram. He draws one main sketch to show his design (Fig 3.3.1. h Right). Then
he draws several minor sketches to describe detail about design function (Fig 3.3.1.i Left),
present how to link every unit into clusters, and show the three levels of service function
symbolizing the three layers of jellyfish’s body (Fig 3.3.1.i Right). The analogical ideas that

he uses is the same as the keywords which he search at the beginning.
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Fig 3.3.1.i (Left) design functions

(Right) three layers of services, cluster, and inflation
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“It is easy for me to generate design ideas with keywords because what | write can directly
transfer a draft. The lines of draft are rough and ambiguous, but they are full of designer’s
thought.”

3.3.2. The results of experiment phase two: using computer

Subject A

Subject A takes 59 minutes to complete the phase two of experiment. After reading the source
material, he chooses one of sponge’s tubular structures “Leuconoid” to be his main design
idea. Secondly, he also use the concept of the water folwing which water enter spongocoel

through incurrent pore and flow out through osculum transfer into aerial currents of the living

space. Then he generates his design with 3Ds Max.

Fig 3.3.2.a Subject A’s design result

As the beginning, subject A imitates the sharp of sponge. He established an arc-shaped object,
and hollows out the object. In order to edit different level, he multiple several copies of the
same object,

Subject A edits every object to generate the pores, the skin, skeleton framing, etc. He uses one
model to complete his final conceptual design. Finally, he establishes an animation (Fig 3.3.2
b). This animation symbolizes the sponge’ abilities “morphing” and “reproduction.”

Fig 3.3.2.b The animation
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As far as the analogical ideas are concerned, at first he just applies one or two analogical ideas
to his design. When he generates his design in different stages, he adds new analogical ideas
into his design. For example, when he edits the surface of object and excavates many holes
(Fig 3.3.2 b Left), he put the analogical transfer “tubular structures” into the design. When he
builds the skeleton framing, he stimulate the special structure of sponges’ skeleton (spicule)
(Fig 3.3.2 b Right). All analogical ideas happen in different stage of design process. Every
move the designer do sometimes means that they put new transfers into their design.

Fig 3.3.2.b (Left) excavating many holes

(Right) skeleton framing

In addition, Subject A has several gvaluating situation, which means he spends more time on
testing different parameters or functions. He tries to find the most suitable form or functions.
This situation occurred in several design stages. The time is long or short.

“When designers generate their design with conventional media, what they draw affect their
next step of their design. It is a step by step process that the final design result is decided by
the previous study. However, computer allows the designer to explore numerous creative
solutions to problems. When designers adjust a parameter or input a command, they can find
novel points and the design may become a new look that they cannot imagine before it. At the
same time, it also means more time consuming because designers must study with different

parameter and find the suitable result they want.

Subject B
Subject B spends 60 minutes to complete phase two of experiment. At firstly, he quickly

reads the source material, searches some keywords and writes them down in Power Point. The
two main analogical ideas that he apply to develop his design is the ability of reproduction

and the tubular structures.
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Fig 3.3.2.c Subject B’s design result

Then he uses 3 Ds Max software to generate his design. At the beginning, he use simple
cube to establish the unit and he modify the cube to make it become free-form and possess
many holes. He multiples the unit and arrange them in circle. Then he links every unit and
makes them have some common paths. He establishes a relationship of mutual links between
every unit. Later, he multiple the group of units and stacked the new group below the
original group. After that he links the every unit and two group again He repeated this
process many times until his design like a hol;lqw-t;q_rrel.
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“l produce a unit and copy many unlts ol thlnk thatﬂ the relationship like Single-cell
reproduction. The source material tjlscusses‘“Spange also called Protozoa, is more than the
most primitive cells in the anlmals Ihe most S|mple’of a group. Therefore, | apply the
analogical ideas and transfer it to my‘ deSIgh Not only the concept of Single-cell
reproduction, but also the Structure of sponge are my analogical ideas. The sponge has
spongocoel which the hollow body, so my design concept is a hollow building. Many pores

appear in my design that likes the relationship of porous sponge.”

Fig 3.3.2.d Subject B’s design process

Then, Subject A tries to generate the opening above the building. In this process, he spends much
time on evaluating. He tests five or six parameters (Fig 3.3.2.e) and wants to find the best one.
After complete one building, he multiplies several copies to transform the concept of flocking
together. He takes a lot of time to establish a base and render to some conceptual images.
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“I think it is a multiple family dwelling. I use the concept of sponge’s tubular structures to
connect every unit and offer a new concept of housing. Every unit or whole group reflects
the tubular structures. The opening comes from inside to outside or from outside to inside.
There is no floor and it like the growth of organization.”

Fig 3.3.2.e Evaluation: he spend much time on testing different parameters

At the design process, Subject B begins from one or two simple analogical ideas and then
adds some new ideas at different stages of the design process.

Subject C

Subject C spends 52 minutes to compl‘et‘e‘ ﬁhase fv;/o’of.experiment. When he reads the source
material , he uses Word to record the keywaords, :\_Nhich s:p'onge’s tubular structure ”Asconoid”,
velocity of current affecting the shape of slpc')n'gé énd ‘m'ovement of sponge , and osculum

flowing out water - o i—

“When | find that the sponge could sWing by Water flows, | imagine that housing needs the
light and ventilation. Asconoid is the simplest structure of sponge and at the top of asconoid
has a opining. | think it could be transformed to the top of housing has light and the air can
outflow from the top opening.”

%

Fig 3.3.2.f Subject C’s design result
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Then he uses his habitual application Sketch Up to generate his design concept. He spends
much time on trying to generate the form in his mind, but it does not work. It is difficult to
generate free-form organic surfaces by Sketch Up, so he use the application 3Ds Max to build
the form which he imagines in mind. However, he is not familiar with 3Ds Max. Thus, after

completing to build the form, he imports his model into Sketch Up and continues his design.

“l am not sure that it is restricted or not to generate my design with Sketch Up. In fact,
because of the limitation of this software, it has already decided what my design looks like. |
know 3Ds Max could help me to design something that | really want, but I am not good at
handling 3Ds Max. Moreover, the limited time forces me to reflect my design to more direct

analogical relationship.”

Then he starts to design other parts, including the metaphor of sponge’s Osculum and
incurrent pore, the movement affected by time or seasons, and other spatial functions, such as
staircase or floor. He not only put the analogical ideas which he captures at the beginning in
his design but also considers problems of architectural functions and space. Then he tries to

connect the analogical ideas with his architectural functions.

“I think the relationship between-current velocity and sponge swing by Water flow could
transfer to the movement of building affecting-bysthe different time or different season. The
building has a main pole. The building would be rotated or tilted by the main pole. The top
opening is moved by different time. For example, the midday sun is very hot, so the building
tiles to one side to keep the sun off. Because the temperature and light are changed by
diverse time, the building could move to the suitable angle. Therefore, | reflect every

analogical ideas | gain at the beginning.”

i

Fig 3.3.2.g Subject C’s design process

Finally, subject C manipulates the relationship of color and scale. In addition, Subject C
multiples many copies at the base that symbolizes the flocking relationship of sponge. As far
as the analogical ideas are concerned, Subject C capture four or five analogical ideas as the
direction of design development at firstly. He chooses one idea to start to develop his design

and then he adds different idea at every phase of design process.
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Chapter 4: Results and Analysis

The chapter is showed the experimental results and analyzes the data. After these experiments
are completed, the second part of the method was the analysis of the results from those
experiments. The final part of the research is analyzing the whole data and addressing three

phenomena of analogical thinking in design.

Analysis Major: Visual Data (from design assignmenn)
- Minor: Verbal Data (describtion design process and some specific qu:sli(y

Coding Schema

Data Processing

Fig 4.1a Structure of Analysis

The author needs to find the suitable investigating method to analyze whole data. Until now,
there is no definite research method to investigate the process because few scholars in design
domain focus on how analogical thinking-process-works. Nevertheless, the author thinks that
designer’s analogical thinking is still_.one type of design thinking processes; therefore, the
common method for researching the nature of 'design thinking is applied by the research.
Hanna and Barber (2001)proposes that the studies attempts to investigate the design process
by recording the designer’s behavior and his or her spoken thoughts using several techniques,
one of which is the protocol analysis. Introduced by Newell and Simon(1972), and adopted by
many investigators, protocol analysis involves setting up quasi-laboratory experiments to
record the behaviour of the designer using video-tape (Akin and Lin, 1994), audio-tape
(Goldschmidt, 1991), sketches on paper, etc. The objective of studies like Akin and Lin’s is to
understand the intuitive process in design, using concepts and tools from cognitive
psychology, and predict how architects design. Schuck(1973) also asserts that the visual data
should analyzed by the method of protocol coding system. Thus, the author integrates two
kinds of analogical theories in to the coding scheme to analyze the major visual data and
minor verbal data. A conceptual sketch of the entire design process in one phase of
experiment is regarded as a section and then each section would be encoded. After coded,
each encoded data of sections are put together to integrate and compare with two phases of

experiments through several directions.
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4.1 The coding scheme

4.1.1 Acquiring analytic data

The major analytical data of this research is the visual data recorded from the experiment
phase one and two, and the minor aided data is the brief interview which is asked after the
design assignment. This is the research dealing with visual process. The reason why the
author chooses visual process for the main analytical data is that it is a tough task to ask
designer to generate concepts with computer. So if the designer is still asked to think aloud
while doing this tough task, the author believes that the result of the experiment will be
disturbed. For this reason, the author decides to use visual data as the main analytical data.
Besides, for the unease of getting visual data, the author takes a photo with digital camera per
minute. And the total process of experiment is recorded by video in order to prove the total

process of visual data.

Additionally, some absent aspects would exist for the only concerning about visual data as
analytical source. For example, the analogical thinking is a complex process. Some important
processes are happened in subjects’=mind,-such as what kind of design resource they choose,
and how they evaluate the resources. It is difficult-to discovery some important thinking with
only visual data; therefore, the author decides‘to use verbal data to aid visual data. The verbal
data is from description of the design process by the subjects and some specific questions

asked by author after the design assignment phase.

4.1.2 Segmentation

There are huge visual data which collect the six sections from two phase experiments of three
subjects, but deleting any part of these data would make the whole analogical thinking
process be not complete. The author tries to abridge the visual data by segmenting one section
on several paragraphs. The definition of segments in this study is based the shift of subject’s
intention, of the contents of their thoughts, or of their actions (Suwa, Gero etal. 2000). It also
means the design moves that are the basic coherent operation detectable in designing. In
present study, a design move is defined as an act of reasoning which presents a coherent
proposition pertaining to an entity that is being design (Goldschmidt, 1991). Therefore, the
author distributes the section into several moves. For example, the subject C in experiment
phase one write down the keywords and then connect the function of the street roadside stall
with these keywords. Even though the subject’s actions in both moves are writing something,

segments in this instance should be coded into two parts.
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4.1.3 The coding system
Most analogy theories have been developed primary under linguistic paradigms. There is no
specific analogical theory to designing. The author applies some important theories originated

from other fields to analyze the rough data.

The author integrates two kinds of theories into one coding scheme (TABLE 4.1.3 b) to
analyze the major visual data and minor verbal data. The author focuses on analogical
thinking process and the types of analogical ideas. The analogical thinking in design field is a
complicated process that designers may transfer several analogical ideas from sources to
target, but these ideas do not occur in independent analogical thinking process. Most of them
are happened in the same process but in different stage probably. The author tries to
investigate the relationship between the idea occurrence and the stages. Thus, the author
adopts two theories that come from the background review, which include the four stages in
analogical thinking (Holyak and Thagard, 1996) and the five levels of analogies in design
field (Ricoeur, 1994).

Le\:els( stage and time)

Fig 4.1.3.a Relationship between levels and stages

Firstly, Holyak and Thagard (1996) propose that there are four stages in all analogical
thinking included selection, mapping, evaluation and learning. It is the only theory that
describes the process of analogical theory. The author uses their opinion to judge the
designer’s analogical thinking. However, it is found that after the designers specify their
analogical ideas to conceptual design, they still spent more time to draw more sketches which
describe the detailed functions, structure, activating route and so on. It is a process that is
representation of detailed ideas and images held in designer’s mind. The author deduces the
process call the representation and adds it being a last stage behind the learning. This stage in
computer media means that when designers finish their conceptual design, they start to do
something to support their design, such as rendering, making an animation, or building the

base.

Secondly, there are various kinds of discussing the types of analogy, such as methods of
analogy, depths of analogy, the levels of analogy, types of source and so on. In the research,

the author mainly tries to know what kinds of spatial relationships of the analogical ideas.
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Ricoeur (1994) reported five levels of analogy included the analogy of proportion and equal
relations, form, function, organization or structure, the free analogy, or poetical. Even though
the theory is based on linguistics and semantics, the levels which the scholars mentions relates
the spatial relationships in architecture. The author thinks that this classification not only
clarifies effectively the subjects’ various kinds of analogy in their design but also support
make the author know what levels of analogies happen in different stage and what the
sequence of the analogies. The author offers new spatial definition of these levels. However,
among the five levels of analogies, the level “proportion” is rare used in architectural field. It
more often appear on the field of mathematics due to ratio among numbers in a set (Stafford,
2001). Designers rarely consider exactly relationship of numbers between analogical source
and target, and they often use “property transfer”. Designers concern about the property of
their design and transform some property from other fields, such as light, color, characters or
special behaviors, but it is not contained in five levels; therefore, the author decides to delete
the level “proportion” and add the new level “property” to the coding system. The five stages
and five levels are defined to accurate meaning. Table 4.3.2 shows the coding scheme and
definition. In addition, the free analogies in linguistic filed almost possess poetical meaning;
however, free analogy (poetical analogy) is difficult to.definite in design domain. Therefore,

the author removes the free analogy:from the coding scheme.

Coding Definition
Stages Holyak and Thagard(1996) and the Author’s Deduction
S Selection Choosing the sources to transfer
M | Mapping Connecting the sources and target
E Evaluation Evaluating two or more decisions and selecting one of
them
L Learning Confirming and sketching the final concept design

R | Representation | Describe or improve the design details

Levels Ricoeur(1994) and the Author’s Deduction

P Property Transferring the quality or characteristic

F From Transferring the appearance or shape from source
Fu | Function Transferring the spatial function

Str | Structure Transferring structural relationship

Table 4.1.3.b The coding scheme of Analogical thinking
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Then, the whole visual data and verbal data are structured by tables. One section is divided
into several parts of one table by different moves. Table 4.1.3.c is the instance of one part
included the main visual data, time, clarification and the coding scheme. The left area of
Table 4.1.3.c is one or more key images of one move which the author adopts from the video
recording data. But the analogical thinking process is too complicated to comprehend by only
images, the clarification would support the visual data to be coded. Then, the author gives a
short explanation about the move and offers other additional interpretations which come from
the subjects’ brief interview or summary the analogical levels. The right area is the coding
system that involves the five stage and five levels. Every move is classified to proper level. If

any analogical idea happens in the move, the author would classify it to the suitable level.

The author defines the time of the analogical idea by the visualizing the definite analogy. For
example, in the phase one, Subject C associates the three level of jellyfish body with the
different spatial functions of a stall in the second move from the five minute to twelve

minutes, but he does not specify this analogical idea on his sketch until the last move.

Therefore, this analogy is counted in the last move.

Search for ‘key words from! the

source materially =

(The clarification that the author
explain the move of the visual

data)

He writes down 95% water, | (Classify the move to

transparent, three layers of jellyfish | proper level)

(One or more visual

body, slender tentacle, nematocyst, [p [ F [ Fu | Str
data in one move)

and illuminated.

(If any analogical idea

(Additional interpretation about ]
happens in the move, the

the analogical levels or the .
author would classify it to

subject’s verbal data) the suitable level)

Table 4.1.3.c One part of the section: it is the instance of whole process of one section. All sections of the experimental processes

are given in the appendix.
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4.1.4 The coding results

This passage contains coding results of whole experiments. The author uses the coding
scheme to analyze the major visual data in the sketching process of three subjects. The
relation between coding result of three subjects and time can be produced as a figure. Fig
4.1.4 a is a model about how the author constructs one coding result included time, moves,
stages and the level of analogy. All of them are integrated into a complete figure that aids to
search any analogical information. Firstly, every move is encoded by the fit stage, and then all
moves are combined to a complete process which is composed of full stages. The information
of analogical stages, such as the length, sequence, and so on, could be gotten by the figure.
Moreover, the several white circles lying below the figure reveal what time, what stage and

what level the analogical idea happen.

Subject
5

1213 17 25 30 46 time(min)

-
L]
*met

Pa:.fégmph Analogical idea
(One Move) (Level)

Fig 4.1.4 a The model of coding result

Figure 4.1.4 b represent the whole coding result between coding result and time of three
subjects who generate concepts with conventional and computer media. From the
representation of these three figures, we can clearly see the shifting times and amounts of
analogical behavior of three subjects. According to the convenience of pens and papers,
subjects in phase one can generate a rough sketch in a short time. According to the immediate
visualized feedback of computer, subjects in phase two would generate a more concrete
sketch in a longer time. Generally, every stage consists of one or more moves. Five to eleven
analogical ideas happen in one section. To analyze the data effectively, the author separate the
coding result into three directions included analyzing by stages, levels, and relationship
between stages and levels. Then, the author will apply the general ideas gaining to support the

further analysis in the next passage.
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Fig 4.1.4 b The coding results
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4.2 Three phenomena of analogical thinking

In this passage, the author integrates coding results, visual and verbal data to analyze three

phenomena of analogical thinking.

4.2.1 Phenomenon One:

Designers search some key words or meaningful pictures that contain spatial metaphor to
be their analogical sources. Then they transfer the sources to equal architectural

relationship.

The central parts of understanding analogical thinking are how the designers pick their
analogical sources and how they connect the sources with design target. The author
discoveries a general rule of designers’ analogical decision. It is that designers search and
decide some spatial keywords or images, such as color, light, function, structure and so on.
They write down these keywords or draw some sketches to support their thinking. In the two
phases of experiment, the author offer source materials to build subjects’ background that is
detailed knowledge about the source inithe materials;:such as this animal’s body structure, life
habit, appearance, and so further,*The author.discoveries that when all subjects read the
material, they search some key words relating spatiality or some images which has a spatial
metaphor. In the phase one(conventional“media); for example, all subjects choose some
characters of jellyfish hinting some spatial meaning, such as illuminated, umbrella structure,
flocking together, body containing 95 % ‘water, and so on. They put these interesting sources

in their minds or penciled down on paper.
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Fig 4.2.1 a designers write down the keywords

In the phase two (computer), all subjects choose one image about three kinds of sponge’s
tubular structure (Fig 4.2.1 b), because the image is like one architectural section, simple but

full of spatial meaning.
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Fig 4.2.1 b Three kinds of sponge’s tubular structure

Moreover, the selection process also shows when designers choose their source. Sometimes,
the mapping stages often go on at the same time (Fig 4.2.1 c). The process of selecting
information containing spatial metaphor is also the reason why selection stage and mapping
stage often happen together. The mapping thinking is a complicated process of alternate
source and target. The designers read the source and ponder the characters of design purpose,
and then go back to think the source and think the function of the purpose again. It is an
important process in analogical thinking,because the process decides how deeply the
analogical results would be. The mapping stages often related to the selection stage and
sometimes are happened together with selectionstages or:learning stages because mapping is

a connecting stage that the subjects link between source and target.

Subject A Subject B Subject C
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S
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Phase one= Coventional media
Phase two= Computer

Fig 4.2.1 ¢ mapping stage sometimes happens together with other stages

Therefore, designers select the information symbolizing spatial meaning in source material
and meanwhile they think about the possibilities about which images or sentences could
connect to their design target. They transfer the sources to equal architectural relationship.
The designers capture some spatial characteristics or relationships of the source; at the same
time, they relate what architectural characteristics or relationship are equal to the resource.

For example, the subject B in phase one reads the source material and then he writes down
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“floating>moving, changing”, “flocking together>combination”, and *“body containing
water>pneumatic.” When he tries to select some source and meantime he thinks what points
are able to relate to design purpose. On the other hand, the mapping stage sometime occurs
with learning stage since mapping thinking can aid the designers to generate their design
concept. In phase one, after selecting the source and possible target, subject C draws several
sketches to attempt to confirm the analogical relationship and starts generating his design

using mapping thinking.

In the mapping thinking process, designers capture some sources and try to transfer them to
the equal architectural meaning. Most designers have the same analogical ideas that they
choose the same sources and associate the sources with the same transfers. Table 4.2.1 d
presents some examples of popular sources the subjects choose and what the equal
architectural relationship they use.

Analogical source

The possibilities of transfers

The form of Jellyfish

1.The umbrella structure of traditional stalls

2.Round space

Flocking together

1.Combination

2.Group

Jellyfish body is made up of 95% water

1-Transparency
2.Inflatable

Three layers of jellyfish” body

Three Spatial functions

Flexible body of jellyfish

Flexible space

Zooplankton

Morphing

Sponge’s tubular structures

The structure of housing

Water flow

Air current

Table 4.2.1 d Some examples of popular sources the subjects choose and what the equal architectural relationship they use

In addition, when we discuss the relationship source and transfer, the levels of analogical
ideas must be paid attention to. The coding results show that designers select source of
function and property among various levels of spatial analogies than other kinds of analogies.
Analogy of function is the most important level that designer concern about. Table 4.2.1 e
shows the percentages of numbers of analogical levels in two phases. Analogy of function
occupies the highest percentages which are 43 % in phase one and 33% in phase two. The
designers read the information and then transfer some characteristics of the source organisms

to some functions of their design. The level of function contains spatial metaphor and deeply
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relationship between source and target. It is not like the analogy of form that is only attribute
mapping. Most functional analogies imply relational mapping. For example, the flexible body
of jellyfish is converted into changeable space dimension of the roadside stall. The similarity
between jellyfish and umbrella signifies that the roadside stall has the function providing the
wind and rain. The water movements which water enter spongocoel through incurrent pore
and flow out through osculum transfer into aerial currents of the living space. On the other
hand, the analogy of property also plays a key role in analogical thinking because it is the
secondary one they use frequently. The spatial properties, such as color, movement, light,

composition, and so forth, are the obvious features that subjects could get from source

material
Phase One( conventional media) Phase Two( computer)
P F Fu Str | Fr P F Fu Str Fr
A 1 3 1 0 2 1 5 3 0
B 1 2 1 2 0 3 3 2 1 0
C 3 1 6 1 0 2 1 2 2 0
Sum |5 4 10 4 0 7 5 9 6 0
22% | 17% | 43% | 17% | 0% 26% | 19% | 33% | 22% | O

Table 4.2.1 e The percentage of choosing analogical levels

Most designers map and create their’ design with-various level analogies. The analogy of
property, form, and function are often appears before than the analogy of structure since most
designer concern design functions and forms than structure. According to the coding result,
the levels of form (F) and property (P) emerge in the early part of the process, the level of
structure (Str) appear in the latter part of the process. Most designers build their transfer with
attribute mapping, such as the form and property, and then they concern about deeper
analogies. Another reason is that most designers concern design functions, forms, property

than structure.
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Phase one= Coventional media
Phase two= Computer

Fig 4.2.1 f the order of appearance of analogical ideas

4.2.2 Phenomenon Two:

The analogical ideas occur concentrated in the latter part of the process in conventional
media. On the contrary, the appearances of analogical ideas scatter in different move in

computer media.

All subjects spend much time in mapping stage with conventional media (phase one), but they
consume few time in mapping stage with-computer (phase two) that displaces is more time
consuming in learning stage (Fig 4.2.2 a). For instance, subject B in phase one consume
twenty-seven minutes in mapping stage and eight'minutes in learning stages, but he in phase
two costs only seven minutes in mapping stage and thirty-five minutes in learning stage. The
opposite situation result from the characteristics of two different media. The conventional
media aid the subjects with sketching many diagrams that improve subject’s mapping but not
help them form their final concept efficiently. Subject A and Subject B spend much time in
mapping stage with conventional media because they draw many diagrams and imagine many
possibilities. But it does not mean that they could confirm the final design concept easily. On
the other hand, it is difficult that using computer media to generate many diagrams, the whole
process has only one model. When the designers start to build the model, they have already
entered the learning stage. They think and try as they build their concept design, so they spend

more time in learning stage in phase two.

In addition, more fragments appear in the phase two (computer). Some evaluation stages
emerge between learning stages that cause more fragmental stage. To cite one example,
subject A has two times of evaluation stages happen in phase two. When he tries to generate

his design concept, he often discontinues his learning stage because of trying the various
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computer parameter and different instructions. However, rare evaluation stages happen in
phase one. Subject B encounter evaluation stage in phase one because he search too many
analogical possibilities but does not know how to combine them. Then, he abandons one of
them to generate his design by few analogical ideas.

Phase One- Conventional media
78 12 14 23 27 35

time(min
it o )

A R

L
q! M
B 4 7 10 1617 23 33 36 42
®
—
5 1213 17 25 30 46
C

Phase Two- Computer time(min)

5 8 10 12 16 21 27 32 39 45 59

A Phase two
R .
WE _E DE E—

3 § 10 15 19 23 28 30 36 41 60
B rPhasé two
IE N TE——
3 1 13 17 22 29 36 46 52
C Phase two
M e

w

Fig 4.2.2 a Coding results

Figure 4.2.2 b presents appearance of analogical ideas in six experimental sections. In the
phase one, the analogical ideas occur concentrated in the latter part of the process. On the
contrary, the appearances of analogical ideas scatter in different move in phase two, and some
of them appear at the beginning of the process. In phase one, the subjects draw many
diagrams at beginning but they confirm their design concept at latter process. It means the
analogical ideas may be established in their mind but not be specified the final analogical
result until the latter process. Thus, most analogical ideas do not happen in the early design
moves and aggregate in latter process. On the other hand, when the subjects generate their

design with computer media, they decide one or two analogical ideas as their design base to
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constructer the model at beginning. Then, they put other analogical ideas through the process,

and these analogical ideas are distributed in whole process.

Phase One
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C b6 6 6 & & 8

Phase one= Coventional media
Phase two= Computer

Fig 4.2.2 b the appearance of analogical ideas

As discussing the issue of the relationship between stages and ideas appearance, the author
proposes an interesting situation by the codmg result (F|g 4.2.2 c¢). In the phase one, most
analogical transfers happened in: Iearnlng and representatlon stages, but the analogical
transfers appear in selection, mapplng, Iearnmg and representatlon stage in phase two. As was
stated above, the analogical ideas occur conctWated |n "the latter part of the process, but the

appearances of analogical ideas spread n design process in phase two.
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Phase one= Coventional media
Phase two= Computer

Fig 4.2.2 ¢ Relationship between appearance of analogical ideas and the stages
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4.2.3 Phenomenon Three:

Every medium possesses different characteristics that lead the analogical thinking process
and design results to become diverse. It found that conventional media could assemble the
analogical ideas and the computer media could broaden the possibilities of analogical

thinking.

In this section, the author discusses how the characteristics of media affect analogical thinking
process. Different characteristics of design media offer the variability of analogical thinking
process. It could change the design process and design result. In this research, the author
discusses analogical thinking in conventional media and computer tools. It found that using
conventional media improves to collects different analogical ideas together, and using

computer media can make the design result more variously.

According to previous review, many features of conventional media are very different from
computer applications. The conventional media could help designers generate many sketches
that learn the form of analogical sourcg, capturesthe analogical features, or use them to
develop design. It also means that .designers using:conventional media spend more time on
mapping stage, which is pondering-process. They-spend much time on sketching sketches and
diagrams. The freehand sketch -possesses the characteristic of dense, ambiguous, and
amorphous that can stimulate the ideas collection. In addition, the freehand sketch could be
modified easier and draw faster than®computer ‘media that help designers change their
thinking through simple sketching faster. At the beginning they draw some diagrams which
are similar to the source organisms and finished off these diagrams with a few deft strokes of
the brush. Because these free strokes contain the train of thought of the designers, every
stroke may be the inspiration of the next sketch and designers could find interesting
information form these diagrams. Then, they apply this information to draw new diagrams
and transfer the original source to a new condition. The sketches they draw are gradually far

from the original appearance of the source organisms to their own design concept.

For example, fig 4.2.3 a is the mapping process of subject B. He draws the jellyfish’s shape at
firstly. He learns and copies the form of jellyfish to gain some source information. Next, he
generates several diagrams to study jellyfish’s characteristics to not only improve his
understanding about jellyfish but also stimulate his design ideas and combine these ideas
together. It is the process that the designer learns the jellyfish’s form to transform it into his
spatial analogy and integrate them into final concept. Fig 4.2.3 a is similar mapping process of

subject A.
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Fig 4.2.3 a the mapping process of subject B
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Fig 4.2.3 b the mapping process of subject A

Therefore, designers using conventional media can draw many sketches and diagrams, and
gather many analogical ideas together at one time. Assembling keywords and sketching
sketches lead to designers clarify their various analogical ideas and improve their personal
ability to integrate these ideas. After combining the ideas and accreting the analogical
relationships, they start to generate their design concept and present the definite analogical
transfers on the paper. It is also the main-reason'that'mast specific analogical ideas appear in

latter stages on whole design process.

The studying method in conventional ‘media helps.designers to clean their thought and gather
together the analogical ideas, but it could not aid to draw more complex design and has
difficulties to present sense of three-dimensional space. The freehand sketch shows the design
by only one angle and the real three-dimensional space still only exist in designer’s mind.
While the designer tries to draw complicated concept, the perceptual ambiguity of
conventions sketching may occur when multiple two-dimensional views are used to represent
more complex objects. Subject B using conventional media only finish his conceptual design
in ambiguous condition since it is difficult to precisely present the complex concept through
two-dimensional sketch, such as the flexible shape which could be changed freely. Thus, the
final result of his design is too abstract to comprehend and the author could not understand

easily without his explanation.
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Fig 4.2.3 ¢ Ambiguity of conventions sketching

Subject B also meets other difficulties in design process and try another possibility. He gets a
revolving feature of jellyfish life history and tries to apply this feature to his design, but he
draws some diagrams and could not develop his idea with sketching. Finally, he abandons the

idea and chooses other new idea to develop his design.

Fig 4.2.3 d Difficulties of manipulate complex concept

Moreover, designing with conventional media reduce. possibilities of spatial transformation
because the next sketch come from the previous sketches.-The final result is the accumulation
of the previous works. It is difficult that the“final result has huge differences from the
designer’s expectation at first. In addition;;the thinking with conventional media is abstract
because designer draw their sketches with few angles and the blur lines are difficult to

ascertain their design concept.

As given above, conventions sketching make designers draw many diagrams or sketches.
However, it becomes easier to consider the shape as a preliminary one which is under
constant revision, rather than as a fixed shape. Therefore, computer media make the

analogical thinking process become different from the traditional process.

According to phenomenon two, analogical thinking using computer media has very different
process from conventions sketching. The designers use computer media to expand their
design with only one model, and add every analogical idea to their design in different phase
of design process. They seek a key analogy to start to generate their design and then add put
other transfers individually in whole process. In addition, designers using conventional

sketching spend much time on sketching many sketching which process also called mapping
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process, but they using computer media sometimes consume much time on trying that is

involved in the learning stages in analogical thinking process.

Computer media improve the possibilities and diversities of design results. When designers
generate their design with conventional media, what they draw affects their next step of their
design. It is a step by step process that the final design result is decided by the previous study.
Every word they write, every stroke they draw and every move they make influence their
design result. The concepts are developed gradually by the designers. However, computer
allows the designer to explore numerous creative solutions to problems, overcoming design
fixation or limitation of conventional wisdom by generating these alternative solutions for the
designer. When designers create their design with computer media, they know the design
direction but cannot expect the possible final result about their design. The designers
proficient at computer media manipulate the application’s commands and parameters to
change the form or other spatial functions. Using mathematical algorithms, the computing
tool has an enormous capacity to describe things of extremely diverse nature. For example,
one function of three-dimensional application, a NURBS (non-uniform rational B-splines)
modeller, means that 3D free-form organic surfaces‘ and solids can be created intuitively and

quickly at the early design stage, a Serious-limitation of the traditional polygon modellers.

When designers adjust a parameter.or input-aicommand,.the design may become a new look
that they cannot imagine before it. Figure 4.2.3 e shows that Subject B change the shape of his

model by control parameter.

Fig 4.2.3 e Subject B change the shape of his model by control parameter

Nevertheless, computer has its own limitation. The character of computer broadens analogical
transfers but it is only for some designers conversant with one or more complex applications.
The better analogical thinking design is not only affected by the designer’s ability but also
influenced by familiarization of computer media. The more commands or parameters the
designers know how to use, the more analogical possibilities they show. To cite one example,

subject A and subject B handle the computer applications well and both of they use 3Ds Max
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to be their main design media. 3Ds Max possesses complex interface and has sorts of
functions to build any kinds of models. Both of them often design with only computer and
think the computer media make their design results more deeply and broadly. They finish
their design with a complete model and their analogical design is complicated than their
previous one with conventional media. In contrast, the design situation of subjects differ from
Subject A and B. Subject C indicates that the thinking process of two phases is similar. Even
in different media, he captures the same kinds of spatial key words from the source material
and connects them with design topic. But the limitation of Sketch Up which the application he
use does not proficient at generate free form sharp, he has difficulties in creating the
imaginary sharp which he want with only computer media. It is an obstacle to interrupt his

analogical thinking.

Table 4.2.3 f shows the tools and applications that three subjects use and indicates the

obstacles some of them encounter in design process.

Phase one( conventional media) Phase two( computer)
A Fountain pen 3Ds Max
B Pencil He could =not |draw-| 3Ds Max
the complex. form
with conventions
sketching.
C Fountain pen Sketch Up | He could not create the image
3Ds Max he really holds in mind with
computer.

Table 4.2.3 f Obstacles the subjects encounter at design process

Table 4.2.3 g shows the analogical ideas that three subjects generate in two phase. Subject C
generate more analogical ideas with conventional media. Subject A and subject B generate

more analogical ideas with computer.

Phase One ( conventional media) Phase Two (computer)
P |F |Fu |Str |Fr | Sum P |F |[Fu [Str |Fr | Sum
A 1 1 3 1 0 6 2 1 5 3 0 11
B 1 2 1 2 0 6 3 3 2 1 0 9
C 3 1 6 1 0 11 2 1 2 2 0 7
Table 4.2.3g
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Moreover, because the designers need to spend much time on different analogical possibilities,
the process is more time consuming. Designers spend much time on studying different
commands or parameters to pursuit their design results. On the other hand, they also spend
much time on observe their design model and rotate their model with different view or scale.
The computer media could help designers know more about the relationship of space and
spatial dimensions. Designer can examine their design models with different scale and view.

It also helps the designer build complex model.
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Chapter 5: Conclusion and suggestion

Base on the above results and analysis, the author proposed the some phenomena of
analogical thinking and brings some different view about the role of analogy in design
field. In the chapter, the author makes a conclusion about this research and then discusses

limitations and future works of this research.

5.1 Conclusion

In this research, the author focuses on understanding analogical thinking in design field and
proposes some new opinions about analogy. Analogy is a common thinking process for
designers and stimulates designers’ innovation, but few scholars discuss the analogical
thinking process in design domain. This research investigates this issue, tries to know more
the design process of designers, and proposes some view of points of analogical thinking
process. Two main purposes that the author tries to investigate deeply are the analogical

thinking process and variation of analogical thinking-with different media.

From the result of the analysis of visual and verbal data from experiments, the author derives
three cognitive phenomena of designersiwhile he/she generate concepts with computer or
conventional media. The three phenomena shows that the analogical thinking in design
domain has some special characteristics that-analogy in other fields, such as linguistics,
semantics, literary or mathematics, do not possess. The first phenomenon is that designers
search some key words or meaningful pictures that contain spatial metaphor to be their
analogical sources. Secondly, the analogical ideas occur concentrated in the latter part of the
process in conventional media. On the contrary, the appearances of analogical ideas scatter in
different move in computer media. Finally, different kinds of media possess different
characteristics that lead the analogical thinking and design results to become diverse.
Conventional media assembles the analogical ideas; the computer media broadens the
possibilities of analogical thinking.

Analogical thinking processes in different media have many points in common. The main
common point is that the designer’s thinking and analogical decisions. Even though designers
design with different tools, the analogical ideas which they choose and transfer are the same.
According to this phenomenon one, it found that the most analogical transfers aim at visual
and spatial analogy. Designers pay particular attention to the words or images which have

spatial metaphor. Most of designers in the experiment capture the same images or key words,
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but how they apply the source to their target and how deep their analogical transfers would be
are decided by designers’ creativity and ability. Therefore, the design tools may affect the
design process and the result of analogy, but it could not decide the main thinking of

designers’ mind.

The different points of analogical thinking process are the results of design and some
differences of whole process due to the disparities of design medium. The phenomenon two
and the phenomenon three show how media influence the analogical thinking process. On the
one hand, freehand sketching helps designers to draw many sketches and clear their thinking;
therefore, the designer can generate more concepts when he/she uses conventional media. On
the other hand, the experimental results prove that generating analogical ideas does not only
happen in sketches. Previous research proposed some limitations of computer; however, from
this research, the author not only makes people know more about analogical thinking with
computer but also proves how the computer breaks the traditional view that offer analogical
thinking other possibilities. For the immediate visualized feedback of computer, the designer
can easily been influenced to have some imaging in his/her mind. Abundant functions of
computer applications aid designers in-stimulate their'design creativities. It needs to concern
the impact of computer on areas of drafting,-visualization, three-dimensional (3D) modeling
and performance analysis, all of which are seen as important elements affecting analogical

results.

Finally, the contribution of the research is a preliminary understanding of analogical thinking
in design field. According to the results of analysis, analogical thinking is an interaction
between designers, analogical sources, design target, and design media. Designers play the
most important role in analogical thinking process because they can choose and transfer the
idea which they are interested in. The analogical depth also depends on the designer's
imagination and creativity. The design media play a supporting role in analogical thinking
process. It means that the characteristics of design media not only affect design process and

design result but also offer the variability of analogical thinking design.

5.2 Limitations

There are some limitations on this research. Firstly, this research is a discussion about the
relationship between analogical thinking and design media. Because there is still no theory
describing how analogical thinking works in this field, the author use the common research

method “protocol analysis” and apply some analogical theories from other fields. The
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segmentation of coding scheme could help abridge the huge data, but it also leads to some

details are neglected.

Secondly, another limitation is each of the subjects are good at different design tools, it is
possible that the subjects’ responses are affected by the tools that they use. Every design
application has different characteristics and diverse functions. For example, the application
3Ds Max provides designers plenty of parameters or commands. The application Sketch Up
offers designer a simple computer design environment to manipulate, but it does not possess
various functions. The author rarely discusses this issue because the main purpose of this
research is to investigate the analogical thinking from the perspective of design media but
not a comparison between different computer media. Thus, this issue should be further
examined.

Thirdly, the analogical sources are limited on organic analogy because the author tries to
understanding the analogical thinking process. The diversity of organism could offer
designers have more sources ideas to choose in a limiting condition. Moreover, paying
attention to various sources would lead:to distract:from our main problem. However, the
only organic analogical source .fis , notrmcomprehensive enough. After preliminary
understanding of analogical thinking,. the further study: will focus on various types of
analogical sources.

Finally, owing to few numbers of subjects.in this.experiment, the results in this paper should
be regarded as a consequence in a case study. The author picks three subjects from eight
subjects that are few numbers, but for the preliminary study, it is already sufficient. More

designers will be invited in the further study.

5.3 Future studies

The research discusses some phenomena of analogical thinking in design field. It is a pilot
study of this issue. Our further study will focus on broad approach of analogical thinking,
such as variability of analogical sources. There is a need for further “applied research’ into
this area where proper research methods and techniques should be employed on a bigger
sample using different media. More architectural designers will join the research and more
kinds of media will be investigated. It is hoped that this research has to some extent
established a ‘framework’ of analogical thinking process in design field. Also, experimental
research is needed in architectural offices, where the context is different and the subjects are
experienced architects whose design knowledge/experience is greater than that of only

‘novice’ students.

61



Three Phenomena of Analogical Thinking in Design
Conventional Media vs. Computer

Reference Table

- Abdelhameed, W. (2004) Visual Design Thinking in the Design Process as Impacted by Digital
Media , 22nd eCAADe Conference Proceedings.

- Abdelhameed, W. (2005) Digital-Media Impact on the Representation Capability of Architects , the
9th Iberoamerican Congress of Digital Graphics, pp. 478-482.

- Achten, H. and Joosen, G. (2003) The Digital Design Process - Reflections on a Single Design Case,
21th eCAADe Conference Proceedings.

- Ager, M. and Sinclair, B. (1995) StereoCAD: Three Dimensional Representation, Sixth International
Conference on Computer-Aided Architectural Design Futures, pp. 343-355.

- Aish, Robert (1986) Three-dimensional Input and Visualization, Computer-Aided Architectural
Design Futures, CAAD Futures Conference Proceedings,pp. 68-84.

- Akin, O and Lin, C (1994) Design protocol data and novel design decisions in analysing design
activity' The Delft Protocol Workshops, University of Delft, The Netherlands.

- Al-Douri, F., Clayton, M. and Abrams, R.(2005) The Impact of 3D Digital Modeling on the 3D
Design Aspects in Urban Design Plans ,.23nd eCAADe Conference Proceedings.

- Alexander, C. (1964) Notes on the synthesis-ofiform, Harvard University Press, Cambridge.

- Carbonell, J. (1982) Towards a computational model of metaphor in common sense reasoning, Proc.
Fourth Annual Meeting of the Cognitive Science Society.

- Casakin, H. (2004) Visual Analogy as‘a €ognitive Strategy in the Design Process. Expert Versus
Novice Performance, Journal of Design Research.

- Couceiro, M. (2005) Architecture and Biological Analogies, Digital Design: The Quest for New
Paradigms, 23nd eCAADe Conference Proceedings, pp. 599-606.

- Cross, N. (1998) Natural Intelligence in Design, Design Studies, Department of Design and
Innovation, the Open University.

- Do, E. and Gross, M. (1995) sketching Analogies: Finding Visual References By Sketching,
Computing in Design - Enabling, Capturing and Sharing ldeas, ACADIA Conference Proceedings, pp.
35-52.

- Eastman, C. and Fereshetian, N. (1994) Information Models for Use in Product Design,
computer-Aided Design, 26(7), 551-572.

- Gentner, D. (1983) Structure-mapping: a theoretical framework for analogy, Cognitive Science, 7, pp
155-170.

- Gero, J. and Kazakov, V. (1999) Using analogy to extend the behaviour state space in creative design,

J.S. Gero and M.L. Maher (Eds.), Computational Models of Creative Design IV, Key Centre of Design
Computing and Cognition, University of Sydney, Sydney, Australia, pp. 113-143.

62



Three Phenomena of Analogical Thinking in Design
Conventional Media vs. Computer

- Gero, J. and Maher, M. (1991) Mutation and Analogy to Support Creativity in Computer-Aided
Design, CAAD Futures ‘91 Conference Proceedings, pp. 261-270.

- Gero, J. and Shi, X-G. (1999) Design Development Based on an Analogy with Developmental
Biology, CAADRIA '99, pp. 253-264.

- Goel, V. (1995) Sketches of thought. Cambridge, MA: The MIT Press.

- Goldschmidt, G (1991) The dialectics of sketching, Creativity Research Journal, VVol. 4, No. 2, pp.

- Goldschmidt, G. (1995) Visual displays for design: imagery, analogy and databases of visual images,
Visual databases in architecture eds A. Koutamanis, H. Timmermans, and I. Vermeulen, pp. 53-74,
Aldershot, Avebury.

- Goldschmidt, G. (1999) Against Arbitrariness: Architectural signification in the age of globalization,
Design Studies, 20(4), 205-220.

- Goldschmidt, G. (1999) Visual analogy: a strategy for design reasoning and learning. Design knowing
and learning: cognition in design education eds C. Eastman, W. McCracken, and W. Newstetter, pp.
199-219, Elsevier, New York.

- Gross, M. (1996) The Electronic Cocktail Napkin-working with design diagrams, Design Studies
17(1), pp.53-69.

- Gudna , F. and Zreik, K. (1993) Analogy; Explofation and Generalization: Three Activities for
Knowledge-Based Architectural Design/SystemsJCAAD. Futures ‘93, pp. 255-272.

- Hanna, R. and Barber, T. (2001) An inquiry into computer in-design: attitudes before-attitudes after,
Design Studies, 22, 255-281.

- Herbert, D. (1993) Architectural Study sketehings,"Van Nostrand Reinhold, USA.

- Hewitt, M. (1985) Representational Forms and-IModels of Conception, Journal of architectural
Education: JAE, 39(2), 2-9.

- Ho, T.-F (2006) The Spatial Interpretation of Freehand Sketches: Using Programming and Rapid

Prototyping, the National Chia Tung University
- Holyoak, K. and Thagard, P. (1995) Mental leaps: analogy in creative thought, MIT Press, Cambright

- Knoll, W., Hechinger, M. (1992) Architecture Model: Construction Technique

- Laseau, P. (2001) Graphic Thinking for Architects & Sesigners, John Wiley & Sons, Cannada.

- Lawson, B. (2004) What designers know, Architectural Press, Boston, MA.

- Lawson, B. (2006) How Designers Think, Architectural Press, Boston, MA.

-Leclercq, P and Heylighen, A(2002) Analogies per hour International , Artificial intelligence in design
'02, Conference on Artificial Intelligence in D, Kluwer Academic Publishers.

- Lim, C.-K (2003) An Insight into Freedom of Using a Pen: Pen-based System and Pen-and-paper,
ACADIA 22, Indianapolis, pp.383-391.

- Lin, C. (2003) Seeing Moving Seeing Model for Computer Media, 8th International Conference on
Computer Aided Architectural Design Research in Asia.

- Liu, Y.-T. (1996) Understanding of Architecture in the Computer Era, Hu's, Taipei.

63



Three Phenomena of Analogical Thinking in Design
Conventional Media vs. Computer

- Madrzo, L. (1999) Types and Instances: a paradigm for teaching design with computers, Design
Studies, 20(2), 177-194.

- Maria, B. (2001) Visual analogy :consciousness as the art of connecting, MIT Press, Stafford.

- Miller, S. (1995) Design Process: A Primer for Architectural and Interior Design, VNR, New York.

- Millon, H. (1994) The renaissance from Brunelleschi to Michelango ,Rozzoli, New York.

- Mitchell, J and McCullough, M (1995) Digital design media, Van Nostrand Reinhold, New York.

- Mitchell, W. (1998) Articulate Design of Free-Form Structure, Proceeding of Al in structural
Engineering 1998, 223-234.

- Mitchell, W. (1998) Picture This. Build That. Harvard Design Magazine, Fall, 1998, pp.8-11.

- Morin, E. (1986) La méthode 3: la connaissance de la connaissance. Paris: Seuil.

- Newell, A and Simon, H (1972) Human problem solving Prentice Hall, Englewood Cliffs, NJ.

- Novick, L. (1988) Analogical Transfer, Problem Similarity, and Expertise, Journal of Experimental
Psychology: Learning, Memory, and Cognition, vol. 14, no.3 ,pp.510-520.

- Pefia, W. and Parshal, S. (1987) Problem Seeking: An Architectural Programming Primer, John Wiley
& Sons.

- Pita, Javier (2005) Analogous Models and Architecture, Digital Design: The Quest for New

Paradigms, 23nd eCAADe Conference Praceedings, pp. 357-364.
- Porada, M. (1999) Virtual Analogy and Architecture, Architectural Computing from Turing to 2000,

eCAADe Conference Proceedings, pp-69-73.
- Prieditis, A. (1988) Analogica , Pitman Publishing, Morgan/Kaufmann, London.
- Purcell, A. and Gero, J.(1999)sketchings.and the design:process A review of protocol studies in

design and other disciplines and related research'in cognitive psychology, Department of Architectural
and Design Science, University of Sydney, Australia.

- Ricoeur, P (1994) The rule of metaphor :Multi-disciplinary studies of the creation of meaning in

language, Buffalo : University of Toronto Press, Toronto.
- Robbins, E. (1994) Why Architects Draw, the Massachusetts Institute of Technology, USA.

- Rowe, P (1998) Design Thinking, The Massachusetts Institute of Technology.

- Schén, DA and Wiggin, G (1992) Kinds of Seeing and Their Functions In designing, Design Studies.

- Schuck J(1973) Factors affecting reports of fragmenting visual images, Perception and
Psychophysics.

- Smith, A. (2004) Architectural model as machine: A new view of models from antiquity to the

present day, Architectural Press, Oxford.

- Sorte, G. (1975). Methods for Presenting Planned Environments, Man-Environment Systems 5, No. 3
- Sutherland, 1. (1964) Sketch pad a man-machine graphical communication system, ACM IEEE

Design Automation Conference archive.
- Suwa, M. and Tversky, B (1996) What Architects See in Their Sketches: Implications for Design

Tools, in CHI”96 Conference Companion, Human Factors in Computing System, Vancouver,

64



Three Phenomena of Analogical Thinking in Design
Conventional Media vs. Computer

pp.191-192.

- Suwa, M., Gero, J. and Purcell, T (2000) Unexpected discoveries of design requirements: important
vehicles for a design process, Design Studies, 21(4), 539-567.

- Suwa, M., Tversky, B., Gero, J. and Purcell, T (2001) Seeing Into Sketches: Regrouping Parts
Encourages New Interpretations, Visual and Spatial Reasoning in Design I, Sydney, pp.207-219.

- Verstijnen, I. Heylighen, A., Wagemans, J. and Neuckermans, H. (2001) Sketching, Analogies, and
Creativity - on the Shared Research Interests of Psychologists and Designers, J. S. Gero, B. Tversky
and T. Purcell (eds), Visual and Spatial Reasoning in Design, Il - Key Centre of Design Computing and
Cognition, University of Sydney, Australia.

- Wellner, P. (1993) Interacting with paper on the DigitalDesk, Communications of the ACM.
36(7):86-96

- Williams, H. (2003) Zoomorphic New Animal Architecture, Harper Design International, London

123-143.

65



Three Phenomena of Analogical Thinking in Design
Conventional Media vs. Computer

Appendix

1. Experiment
2. Material source
3. Brief interview

4. Coding result



Three Phenomena of Analogical Thinking in Design
Conventional Media vs. Computer
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Appendix 2: Material Source-phase one
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Appendix 2: Material Source-phase two
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Appendix 3: Brief Interview-phase one
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Appendix 3: Brief Interview-phase two
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Appendix 4: Coding results
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