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The Role of Design Creativity in Computer Media
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This study discusses the use of design media and design creativity in design education. By
combining cognitive studies with educational psychology, it analyzes the cognitive processes
involved in the use of the computer by experts and novices, and compares the effects of the
computer on the design process of both subjects. In doing so, it discusses computer design
media as well as creative thinking.
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Introduction
By the 1990’s, the computer became established as
a design tool, and began to affect the thought
processes of the designer and various aspects of
traditional design (Mitchell and Malcolm, 1995).
Researchers began to explore the possibilities of
further developing the role played by the computer in
design, (Verstijinen et al., 1998; Manolya et al. 1998),
especially how the computer could aid the process of
design (Gross, 1996; Elsas & Vergeest, 1998). In this
way, the computer assumed a more advanced role in
the process and presentation of design, eventually
leading to what is known today as “computer-mediated
design. As the words “computer” and “digital” began
to assume an ever-increasing importance in the
vocabulary of architectural design, people were taken
by surprise by the seeming inevitably of the process—
a process that simply could not be ignored, and which
involved re-defining an array of such fundamental
architectural concepts as function, form, volume, and
space ( Liu, 2001). The focus of research had thus
moved away from “computer-aided design”, instead
channeling its energies into a recently emerged
phenomenon known as “computer-mediated design”.
As computer media continued to develop, the
impact of computer-aided design could be seen in
the early stages of the design process. During the
early design stages, both the use of sketches and the
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inter-relationship of representational media with the
design itself had suddenly assumed a more important
role in the thought processes of design than that of
the purely mental processes of design. It had become
common practice to use large numbers of sketches
and drawings in the early stages of design (Purcell
and Gero, 1998). The sketch allows the designer to
think in a more concrete way (Suwa and Tversky,
1997). Furthermore, the sketch as a design tool can
inspire the designer while increasing the creativity of
the designer’s work (Goldschmidt 1994). By
introducing a means of stimulating the designer’s
thinking during the design process, new possibilities
of creative expression become possible (Purcell and
Gero, 1998), and the somewhat ambiguous and
vaguely defined properties of the design sketch came
to be recognized as a major influence on the creative
process (Liu, 1998). If we consider this development
in relation to the computer in the cognitive processes
of design, we see that the computer began to exert a
new influence on the creativity of design (Gero, 2000).
It also initiated the development of speculative thought
about how the computer aids the creative process; in
particular, the possibility of the computer itself
becoming a creative force in the design process. Thus,
the computer, as a medium of digital design, was no
longer seen only as a way to realize design concepts,
but rather as a tool to create design work. Wong (2000)
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Figure 1. Experts design
development process

Figure 2. Novice design
development process

raised the possibility of using the computer to aid the
purely cognitive aspects of design work. Chen (2001)
analyzed the ways in which experts as opposed to
novices differed in respect to their perception of the
uses of computer design, and discussed whether or
not creative work could be elicited during the early
stages of the design process. Akin (1990) raised a
number of questions. For example, in cases where
expertise and creative ability coexist, when the expert
uses the computer to develop design concepts, what
are the factors that will influence the creativity of this
process? How will the novice designer use the
computer to produce design concepts? Are there
situations that exist for both the expert and the novice
in which the computer is a pre-condition for creative
design?

The purpose of this study is to discuss the topics
raised in the above paragraph. It will examine the role
played by the computer in the development of design
concepts, and look at the ways in which experts and
novices use the computer medium during the design
process. It will attempt to understand the relationship
between creativity and the cognitive processes. In
analyzing the creative process, it will look for cognitive
models that could help the novice designer become
an expert designer.

Methodology and Steps

The aim of this study was to utilize audio/video
protocols to provide an in-depth exploration of the
subject. The first part studied the cognitive processes
of experts and novices who used the computer to
develop design conceptions. In the second part, the
information was collated and analyzed.

Design cognition experiment

Before conducting the actual experiment a warm-
experiment was first held in which no time limit in
respect to the development of design conceptions was
imposed. Novices and experts developed three design
ideas, and were later asked their opinion on who
produced the most creative design. The theme of the
design was a digital arts center. In classifying test
subjects, those subjects designated as “experts” were
architects with a high-degree of knowledge and
expertise, and a minimum of fifteen years design
experience. “Novices” were defined as “beginner
students of design lacking knowledge and
experience.” The novice designers were considered
to be students with two years of architectural design
experience. In the experiment, both expert (Figure 1
) and novice(Figure 2) selected one design that they
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considered the most creative out of all the designs
produced, and then analyzed it, with the results below:

The encoding system

With the advent of discoveries made by cognitive
psychologists and physiologists in respect to the
differentiated functioning of the right and left hand
sides of the brain, the 1960’s witnessed the
development of the concepts of “lateral thinking” and
“procedural problem solving methods”. These
concepts can be said to refer to the respective means
by which inductive reason and creativity generate
ideas and techniques, and it also describes the
relationship between inductive reasoning and design
in respect to ideas and techniques. When the nature
of a problem and the aims that are desired in respect
to that problem are ambiguous or unclear, then the
appropriate approach to the problem is one creative
in nature. In other words, creative thinking does not
generate standard answers, and, moreover, the
creative approach often demands answers that lie
outside conventional modes of thought. Thus lateral
thinking and non-linear thinking both come under the
category of “creativity”.

Creativity is another way to solve problems and
an end-result of problem solving. Thus, creativity can
be used to solve a problem, and if the solution to the
problem is original and/or elaborate, this shows that
a degree of flexibility and fluency were used to deduce
it. The three qualities of fluency, flexibility, and
originality are the most important for arriving at a
creative solution. Therefore, these three qualities will
be selected to assess degrees of creativity. Torrence
(1966,1989) used an additional quality-elaboration-

as a means of assessment. In this study, two different
coding schemes were used. The firstis Chen’s (2001)
four models: Conception(C), Operation(O),
Perception(P), and Evaluation(E). The second used
Torrance’s four measurement criteria in his “Test of
Creative Thinking:” Fluency (F), Flexibility (FI),
Originality (Or) and Elaboration (El). For the process
of encoding, Gero and McNeill's two-stage encoding
process (1998) was used.

Analysis and Discussions

Novices had to consult many images of different
angles to obtain a sense of actual space. After drawing
the sketch, they assessed the first image before
working on the next. If they produced a model of the
contours of an object, this encouraged them to
produce further design based on a purely visual sense
of the object, and used a predictive means of induction
(Figure 3).

When faced with the problem of simulating the
various relationships defining the spaces, the experts
induced a range of possible functions from a single
image. After looking at the image once, the experts
were then able to proceed, relying entirely on memory
to record design data. In respect to conceptual
sketches, out of the total factors, recording played a
more important role than cognition. During the
schematic phase, because these experts had already
acquired a degree of knowledge through problem
solving, they were better able to make use of memory
as a means of aiding cognition (Figure 4).

Because of the nature of the computer design
medium, designers had to key in precise numbers to
operate programs; thus, at times, discrepancies
between the design conception and the actual design
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Figure 3. Novice detailed



Figure 4. Conceptual leaps
made by experts in
development of space

Figure 5. Expert creative
output often occurred within
the circulation elements:
conception, evaluation and
operation, the computer
command mode helped to
inspire creativity.

Figure 6 . Experts creative
output in relation to the three
circulating systems of
assessment. The boxed
categories show factors
leading to creative
breakthroughs: conception,
assessment, intuition,
operation.
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on paper appeared. As a result, the designer tried to
correct these discrepancies by keying in the correct
figures. However, in this kind of situation, the designer
can view images created by these past
miscalculations, and then devise a new design
concept. While operating the computer, experts
benefited from this situation by creating new design
conceptions. (Figure 5), and their creative output
related to the three circulating systems of assessment.
The boxed categories show factors leading to creative
breakthroughs (Figure 6).

After the novices keyed in commands, they
became more visually familiar with the design
objective though comparisons with several windows,
and then began to develop design conceptions (figure
7). Novices tended to use the computer and evaluate

the visual images after developing design
conceptions, and tended more often to locate
themselves within the operation, intuition, and
evaluation system of circulation (figure 8).

In the case of both experts and novices, when
the subject used a computer to develop a sketch of
the design conception and then considered the four
different means of assessment, the subject was able
to integrate the four factors. Novice originality and
flexibility became more apparent, whereas expert
fluency of cognition and originality, as well as
workmanship, became more apparent. The experts’
experience enabled their cognitive fluency, originality
and workmanship to increase constantly throughout
the experiment. However, the computer medium did
little to enhance cognitive flexibility. Originality of
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thought, flexibility, lateral thinking, fluency of cognition,
workmanship, and vertical thought were factors that
played a more influential role. Computer-generated
two-dimensional images helped improve vertical
thinking. Lateral thinking also improved because of
the computer’s digital system of commands. These
commands also led to the inadvertent creation of new
images. Novices performed quite well in respect to
vertical thinking, for the computer primarily served as
a means of recording data and aiding thought, and
allowed novices to revise initial presentations. For
experts, the main role of the computer was to create
an alternative space while offering opportunities for
design that conventional design media could not
supply.

Conclusions

This study concludes that in the problem solving
stages of design, experienced designers are able to
use a number of set perimeters, produce many
variations in potential structures, correctly define the
design problem, and arrive at a correct solution.
However, novices did not display this ability. Experts
demonstrate an ability to produce more coherent and
unique designs than those made by novices, but
novices are better able to fine tune different types of
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design than the experts. This is partly explained by
the experts’ superior skills in fluency and originality.
Novice superiority in terms of flexibility and
workmanship skills is expressed in their greater
willingness to stop working to examine in detail
completed work. The computer is a tool that can
enhance the creative potential of the designer. The
design drawing used in conventional design provides
information that is already known. But data fed into a
computer can supply the designer with information
and images unseen before - sometimes with
astonishing results. Moreover, previously unknown
information and images often provide the user with
creative solutions to a design problem; or in cases
where creativity is insufficient, provide a starting point
for further design explorations.

Limitations and Future Studies

The computer expresses design concepts in a
minimum amount of time and enhances the creativity
of the designer through special characteristics, such
as the use of numerical inputs to show likely outcomes.
Thus, the computer’s impact on design behavior and
design problem solving is significantly greater than
that exerted by conventional design media, especially
because it provides a more tangible and lifelike design

Figure7. Showing the inter-
relationship between
operation of the computer
and intuition for novices,
showing how inter-reaction
with computer could produce
creative breakthroughs.

Figure 8. Cognition model of
the way in which novices
made use of computer. The
boxed categories show factors
leading to creative
breakthroughs.



image. This study provides important knowledge to
architectural students of design, namely, how to
develop novice design skills into expert skills, the best
way to achieve this transformation, and the best way
for experts to further develop their creativity. This
paper’s research is only a first and tentative step.
There is room for further research on how the
computer system of commands—as well as the input/
output interfaces-influence creativity. Further research
could also be conducted on the role played by the
computer system of commands.

Acknowledgements

My greatest gratitude and respect are extended to
Professor Y.T. Liu, my supervisor, who has offered
me guidance and valuable suggestions. | am also very
grateful to Professor C.Y Chang for helping me
conduct the experiment. | am also thankful to the
subject persons who participated in my experiment.
With all their assistance, | am able to complete this
paper successfully.

References

Akin, 6.: 1990, Necessary conditions for design
expertise and creativity. Design Studies 11(2),
pp. 107-113

Chen, S. C.: 2001, Analysis of the use of computer
media by expert and novice designers. In
Proceedings of the Sixth Conference on
Computer Aided Architectural Design Research
in Conference, Australia: University of Sydney,
pp.71-80

Elsas, P. A. & J. S. M. Vergeest.: 1998, New
functionality for computer-aided conceptual
design: the displacement feature. Design
Studies 19 (1), pp. 81-102.

Gero, J. S. & T. McNeill. 1998, An approach to the
analysis of design protocols. Design Studies
19(2) , pp. 21-61.

Gero, J. S.: 2000, Computational models of
innovative and creative design processes.
Technological Forecasting and Social Change
64, pp. 183-196.

Go to contents 09

Gross, M. D.:1996, The electronic Cocktail napkin-a
computational environment for working with
design diagrams. Design Studies 17 (1), pp. 53-
69.

Goldschmidt, G. :1994, On visual design thinking:
the vis kids of architecture, Design Studies, 15(
2), pp. 158-174.

Liu, Y. T.: 1998, Where should architecture go in the
computer era. CADesigner 123, pp. 36-39

Liu, Y. T.: 2001, Defining Digital Architecture: The
2000 FEIDAD Award. Taipei: Dialogue.

Mitchell, W. J. and Malcolm M.: 1995, Digital Design
Media. New York: Van Nostrand Reinhold.

Maher, M. L., Boulanger, S., Poon, J., and Gomez
de Silva Garza, A.: 1995, Exploration and
transformation in computational methods for
creative design processes, in J. S. Gero, M. L.
Maher and F. Sudweeks (eds), Preprints Third
International Round-Table Conference on
Computational Models of Creative Design, Key
Centre of Design Computing, University of
Sydney, Australia, pp. 233-265.

Manolya, K., A. R. Stephen and J. Linden.: 1998,
Structure in idea sketching behaviour. Design
Studies 19(4), pp. 485-517.

Suwa, M. & Tversky, B.: 1997, What do architects
and students perceive in their design sketches?
A protocol analysis. Design Studies, 18(4), pp.
385-403.

Torrance, E. P. _ Safter, H. T.:1989, The long range
predictive validity of The Just Suppose Test.
Journal of Creative Behavior 23, pp. 219-23.

Verstijinen, I. M., J. M. Hennessey , C. Leeuwen ,
R. Hamel and G. Goldschmidt.: 1998,
Sketching and creative discovery. Design
Studies 19(4), pp. 519-546.

Purcell, A. T. and J. S. Gero.: 1998, Drawings and
the design process: A review of protocol studies
in design and other disciplines and related
research in cognitive psychology. Design
Studies 19(4), pp. 389-430.

Wong , C.H.: 2000, Some phenomena of design
thinking in the concept generation stage using
computer media. In Proceedings of the Fifth
Conference on Computer Aided Architectural
Design Research in Conference, eds. B. K. Tan,
M. Tan, and Y. C. Wong, pp. 255-264.
Singapore: Nation University of Singapore.

Education & Curricula — 09 Design Theory 231





