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ABSTRACT

A new perspective on how CAD might influence creativity in designing has been
explored in this paper, based on an initial research investigation with postgraduate
design students. The aim of the study was to distinguish whether creative behaviours
were promoted through the use of CAD in designing. From the literature review, a
number of creativity characteristics were distinguished and grouped into seven
categories which were novelty, appropriateness, motivation, fluency, flexibility,
sensitivity, and insightfulness. Research methods such as interviews, protocol analysis,
design diaries, and observations have been employed to seek the links between CAD
and creative behaviours in design activity. This paper presents and discusses the
findings from the application of these methods in a number of case studies. From the
research findings, significant relationships between the use of CAD and creative
behaviours were established. Evidence from, in particular, protocol analysis will be
presented showing these links. Further research will analyse a larger sample and explore
the link between creative behaviours and creative outcomes.
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1 INTRODUCTION

Computer Aided Design (CAD) is a well-established technique that is now commonly
used to facilitate designing. Consequently, it has also been introduced in design
education worldwide. For example, the CAD in Schools programme was introduced in
the UK 1999. Research has been conducted subsequent to this initiative to explore its
implications for designing. A pilot study conducted by Kimbell et al [1], found that
students displayed their enthusiasm for using CAD in designing as it helped them to
‘present works professionally’, ’visualise the ideas/objects’, and ‘work accurately’.
These findings supported prior research by Robertson and Allen [2] which indicated that
CAD would facilitate the designer in analyzing and communicating design work
efficiently. However, in a further research study Hodgson and Allsop [3] found that skill
was an essential factor in enabling CAD to be used effectively and with confidence for
design development and modelling tasks. A later study by Hodgson and Fraser [4]
showed that CAD was successfully supporting ‘post processes’ in design development
and was a useful presentational tool. The virtual reality features in CAD provided
designers with an efficient environment to communicate their design thinking with
adequate aesthetic quality and design details [5].

Robertson and Allen’s study also investigated the links between the types of CAD usage
perceptions and users’ engineering performance [2] and Bhavnani and Garret [6]
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studied the effects of different levels of CAD users’ experience (e.g. novice, regular,
and expert) on their behaviour in using CAD and the quality of outcomes. These and
further studies [eg 7, 8, 9, 10] have been seeking to understand the affects of the use of
CAD on the designer’s ability and performance whether in the industrial or educational
sector. However, as reported by Lawson [11], there has been a lack of research
exploring the links between the use of CAD and creativity. A recently reported study
by Charlesworth [12] stated that CAD could not facilitate the development of new
concepts as other design tools, such as physical modelling, did. It was claimed that
CAD, had less significance as a designing tool, and suggested that it was only
appropriate as a finishing tool to finalise design proposals. The research reported here
explores the link between CAD and creativity through the investigation of behaviours
reported in prior research to be linked to creativity, and, in turn, the relationship of such
‘creative behaviours’ to the use of CAD.

2 CREATIVE BEHAVIOURS

Researchers agree that creativity is a complex and ‘slippery concept’ for which
definitions are elusive [13, 14]. Rather than have one universal definition, the concept of
creativity is described by a variety of definitions [15]. A literature review of the
publications concerning creativity written by leading researchers has been conducted
[eg 16, 17, 18, 19, 20, 21]. In order to establish a structured framework for the research,
the characteristics of creative behaviour identified by such researchers were
distinguished as indicated in Table 1. The characteristics were then grouped into seven
categories of creative behaviour, novelty, appropriateness, motivation, fluency,
flexibility, sensitivity, and insightfulness.

In order to clarify the meaning of these categories for the researcher and participants,
three descriptors were assigned to each of these categories (also shown in Table 1).
These descriptors were intended to facilitate the observation of creative behaviours
during the use of CAD. Further explanations were often required by the participants
and the additional phrases used are also shown.

3 METHODS

3.1 Samples

This initial study was conducted with a number of post-graduate students in the Design
and Technology Department, Loughborough University. The students were given a brief
presentation about this research and how they could be involved as participants.
Following the presentation, four students volunteered, although one only completed the
preliminary interview. The study was based on their masters design projects.

Table 1 Participants’ types of CAD used and skill competencies

Participant P01 P02 P03 P4
Type of CAD Fhino .and ProEnginesr Fhina AUoDESE Tnvertor
{intended to Brafnainesy.

use or used)

Competency +  Formal +  Formaltraining— | ¢ Self-learning +  Formal
training — vis wig on-jok training — vis
undergradude training different on-jok training
and post type softwiare LniGraphic]
graduste [IDEAZ] +  Seli-learning
course [Salidyark

and ProE]
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3.2 Procedure
A series of qualitative approaches comprising interviews, protocol analysis, observation,
and design diaries were chosen. Interviews were carried out before the design project
commenced to give an initial overview of the participants’ perceptions about the
potential roles of CAD in their projects. The interviews were recorded and later
transcribed. An observation schedule was used to record the occurrence of creative
behaviours and video was also used in some of these sessions to allow later analysis.
Protocol analysis as recommended by Young [22] was also used
‘to capture what the subject is actually doing; to provide a source of insights
during the early phases of investigation of a behaviour’
Summaries were prepared of the designing sessions for which protocols were recorded
using PowerPoint. In order to give a more complete record of the use of CAD,
participants were asked to keep a design diary for their project in a predetermined

format as discussed by Pedgley [23] and Crosbie [24].

Table 2 Creativity characteristics and creative behaviours categories

Crestive behaviour Literzture referances Creativity behaviour
categories descriptors assigned
Howelty Aty Jea. JEI0.ETL E1 R AT CET NN
. §glg'gg’
e Hnespected Aoty to come up with surprsing
ideal’z)
Original Fhility 1o come up With unique dealz)
Pppropristeness Poprapizte for s pupase [T=eful ity 1o produce practical design
'1% . . ideas or solution.
| ] enzible Hoility 1o hawe good judgameant in
2. making decisian
Functional Hoility 1o propose ideas or soldtion that
capable to operate.
Mativation Fizk-taking Je.a 211 Enthusiastic howing excitement or interest with
i i the activiy
W Determined Fimmness in doing things to achieve
Proocacatiee [18], satistactory ideas or solutions
Prafersncs for complexity Fisk-taking Net afraid totny new ideas and wiling
JEEEC gsé o to cope with the consequences
ge.
Fluerncy Fluenecy of ideaz Te g, 18] pontaneity Pty 10 come up With sudden ideas or
I I solutions without logical planned
e Open to new ideas Feceptive to new ideas and not only
stick onby toan idea.
Fluency of ideas Hoility 1o generate ideas to TUll cetain
requirements in some degree of time
Flexibility Exploring pozsibilities Alow the waneties approach which
problems may be sohred
Continuous reflection continuously evaluate and considerng
previous or present ideas or solutions
et Fesociate remote ideas ity 1o combine disparate
information to meaningful idear’s)
Sensitivity Senziiviy Jea TR] Understand problem Fhility 1o see the problem
%EESENMLQ problem, [ea Dizplay cunosiy Desire to 3 or speculate things
. Seek perfedtion The act of pefecting previous or
present ideas
insightfulness Inziahtfulnez= 0T, Organizing information Hoility 1o put together ofd and new
Intwitive [e.q, 211 ete. information to gain new ideals)
Irtuitive decizion ity 1o come with a decision without
supported by valid or logical reasoning
Irfluence by inspiration Feaction which stimulate by insting or
intuition.

4 RESULTS AND DISCUSSION

As shown in Table 3, 247 creative behaviours occurrences were identified from the
study. Seventeen behaviours were recorded as occurring at least once. From the protocol
analysis, 122 occurrences were recorded, whilst video observation resulted in 50, design
diaries in 46 and direct observation in 29.
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Table 3 Frequency of creative behaviours occurrences from the study

Treative 3
behaviowrs Creative behaviowrs Protocol Video Direct Design Percentage
categories desciptos Analysis | Observation | Observation diaries Tota

uncomman 0 0
Hovelty unexpected 0 []
arigingl 0 0
usetul 4 4 2
Appropriateness | sensible 23 2 2 27 bl
functional 1 il 8 3
enthusiastic 1 3 3 3 9 4
determined 3 7 5] 5] 22 9
risk-taking 15 4 3 2 24 b
spontaneity [ [
Fluency apen to new ideas 2 3 1 2 8 3
fluercy of ideas 5 3 8 3
exploring possibilities 14 B 3 1 23 3
Flexibility continuous reflection 23 10 3 36 15
asscoiate remote ideas 1 1 2 1
understand problem 3 3 6 2
Sensitivity display curiosity 4 1 1 3 9 4
seek perfection 18 13 5 5 47 7
organizing information 10 il 2 13 5
Insightfulness irtuitive decision 2 2 1
influence by inspiration 4 4 2
Total 122 50 29 46 247 T00%

Agpropriatencss
16%

Sensiity ’é‘a

# 3

Fluency
™%

Flewilny
24%

Figure 1 Percentage of creative behaviour occurrences from clustered data obtained

Further analysis showed that the percentage of creative behaviour occurrences varied
from 1% to 17%. The most frequent behaviours were ‘seek perfection’ (17%),
‘continuous reflection’ (15%), ‘sensible’ (11%), ‘risk taking’ (10%), ‘exploring
possibilities’ (9%), and ‘determined’ (9%). Others recorded at between 1% to 5% were
“fluency of ideas’, ‘display curiosity’, ‘open to new ideas’, ‘understand problem’,
‘determined’, enthusiastic’, and ‘functional’. Figure 1 shows the data obtained clustered
under their creative behaviour categories. The chart indicates that six out of the seven
creative behaviour categories had been recorded within the data. The most occurrences
were ‘flexibility’ (24%), ‘sensitivity” (23%), ‘motivation’ (22%), and ‘appropriateness’
(16%) Less frequent were ‘insightfulness’ (8%), and ‘fluency’ (7%). No occurrences
were recorded for ‘novelty’ or its associated creativity characteristics ‘uncommon’,
‘unexpected’, and ‘original’.

The results show that a number of creative behaviours were consistently detected during
the design sessions, and hence indicate creativity’s potential relationship to CAD. The
most frequently occurring creative behaviours were ‘continuous reflection” and ‘to seek
perfection’ . This suggests that CAD might facilitate the designer in the periodic
assessment of design ideas and in making continuous efforts to improve them. This
finding also indicates that CAD might have a more significant role in supporting
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designers’ development of creative ideas than previous research studies have suggested
(eg Charlesworth’s analysis that CAD is essentially a presentation tool [12])

The failure to identify novelty or its associated creative behaviour characteristics
suggests that the research instrument design does not allow this category to be
recognized. This needs further analysis, but is perhaps unsurprising given that these
attributes tend towards external rather than internal perspectives.

5 CONCLUSIONS

Creativity is seen as a key aspect of human responses to all aspects of sustainability,
whether economic, social or environmental. Designing has a key role to play in the
creating of preferred futures, and it is vital that the tools used for designing are
supportive of creative behaviours. This research suggests that even in its current forms,
CAD has a role to play in this arena.

The seven categories of creative behaviours derived from the literature provided a
framework for observing and recording their occurrences when CAD was used in
designing. To facilitate the process of observing the occurrences, it was found to be
necessary to assign creative behaviours descriptors to each of these categories. The
research instrument allowed six of the seven categories to be observed during the use of
CAD. The results allow the recognition of the role that CAD could play in relation to
creative behaviours, and their link to creative outcomes will be the subject of further
research (Figure 2). The creative aspects of the outcomes will be defined by the various
design stakeholders.

Creative Behaviowrs Stakeholders

Flexibility

Users

/N
Creative

Appropristeness
Sensitivity

Fluency

N

Figure 2 Linking creative behaviours and creative outcomes
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