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Abstract

Product innovetion is centrd to the success of manufacturing industry. Creativity, the process by
which novel and interesting idess are created, plays a centrd role in innovation. One god of
design research is to understand the influences on and processes of dedgn crestivity, 0 that
these can be inculcated and practiced by product developers to gain competitive advantage. Also,
there is a variety of credivity techniques, but gpart from few dudies underteken for a few wel-
known techniques, most have only anecdotd evidence of ther worth and ther exact influences
on the creative problem solving process. In this paper, we do a survey of various theories of
cregtivity and design problem solving in order to identify the main problem solving tasks and the
main influences on credtivity in the context of product development. Based on these, we develop
a measure with which to assess the rdevance and worth of a credtivity technique, so that it can
be used a appropricte stages of product development, and in appropriate combinations with
other techniques in order to ddliver the necessary outputs.
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1 Introduction

Product innovetion is centrd to the success of manufacturing industry. Creativity, the process by
which novel and interesting ideas are created, plays a centra role in innovation. One god of
design research is to undergtand the influences on and processes of design credtivity, so tha
these can be inculcated and practiced by product developers to gain competitive advantage. Also,
there is a variety of credivity techniques, but gpart from few studies undertaken for a few wel-
known techniques such as Synectics [1], most have only anecdotal evidence of their worth and
their exact influences on the crestive problem solving process.

In this paper, we do a survey of various theories of individud and team crestivity and design
problem solving in order to identify (1) the main influences on credtivity in the context of
product development, and (2) the basc problem solving tasks. Based on these, we develop a
matrix with which to assess the rdlevance and worth of a creativity technique, so that it can be
used a appropriate stages of product development, and in appropriate combinations with other
techniquesin order to deliver the necessary outputs.

2 Research Method
The research method congists of the following steps:



Review mgor theories and modds of credivity, induding Generdivity theory [2], visud
thinking [3], theories based on Preconscious mind [1], and hemispherical theories of
creativity [3]. 1dentify common creativity enhancing/inhibiting factors from these.

Review mgor theories and models of desgn problem solving [eg., 4, 5], including
systematic methodologies. Identify maor problem solving activities and links between them.

Based on the above two findings, develop a framework for cregtive design problem solving,

and a messure for pogtioning a credtivity technique and estimating its potentid influences on
cregtive problem solving.

Test the measure by andysng the results of goplying various existing crestivity techniques
on problem solving and correlating these to the estimations provided by the measure.

3 Magjor creative influences and problem solving tasks

Andyss of mgor theories of credtivity led to the following being identified as some of the mgor
influences on credtivity:

Crestivity requires knowledge: the wider the variety of the domains and the broader the base
of this knowledge, the better it is. For instance, Generdivity theory [2] says that multiple
behaviours mugt exis in the brain for one to be creative, Theory of visud thinking [3] dates
that informetion must be available to one for being credtive. This is because credtivity is seen
as the ability to process knowledge in unusud ways, and without knowledge being there, its
processing is not possble. Theory of the ‘preconscious [1] maintains that the ‘unconscious
mind gtores al experiences, while the ‘conscious mind has only access to knowledge thet is
known and reedily avalable. The uncontrollable ‘preconscious mind links these two,
ddving into the ‘unconscious to solve problems. This means that the ‘unconscious mind
provides a large and varied base of knowledge that is processed by the ‘preconscious),
pointing to the centra importance of knowledge in crestivity.

Creativity requires knowledge to be processed flexibly: McKim [3], for ingstance, states that
flexibility in processng of informetion is a mugt for credtivity. Hexibility can be in teems of
moving between levels (eg., conscious, preconscious, e€tc), between operations (eg.,
abdraction, rotation, matching, etc) or between vehicles (eg., verbd/tempord, visud/spatid,
efc). Andogicd reasoning plays a centrd role in cregtive thinking, and flexible use of
knowledge ads this [6, 7]. The right/left brain experiments quoted in [3] suggest the largdy
complementary roles played by the two bran hemispheres the right bran with visud,
gpatia, nonrrationa behaviour, and the left brain with verba, tempord, rationa behaviour.
The two hemispheres are connected by a large number of connections, and together provide
the ability to devdop unusud and interesting ideas, which can be smultaneoudy true only if
both rationa and non-rationa faculties work together, which in turn indicates the necessity of
flexibility in knowledge processng. TRIZ theory [8] suggests that ‘psychologicd inertid
plays a centrd block to credtive thinking, by meking mind proceed in familiar directions
within known aeas of knowledge. This too seems to be drongly linked to inflexible
processng of a reatively smdl doman of knowledge, which require, for avoidance, both a
wider base of knowledge and its flexible processing.



Credtivity requires srong motivation (interes and chalenge): Generdivity theory [2]
maintains that multiple behaviours must compete in the brain for it to create diverse idess,
and this is enhanced by chadlenge and interest. For example, failure plays a centrad role in
providing chalenge, as does keen, long danding interest in the problem. This is paticularly
important snce ‘preconscious mind plays a centrd role in cregtive problem solving [1], and
drong impact (interest or chalenge) is more likedy to engage the apparently uncontrollable
‘preconscious  into problem solving. The visud thinking theory [3] dso takes ‘chdlenge as
acentra ingredient of creative thinking.

Analyss of literature in design problem solving [4, 5, 9] led to the identification of the following
primary problem solving activities

Problem understanding: this condsts of secondary activities such as identification, andyss
and choice of problems and task proposds. Problem understanding is carried out usudly at
the earlier portions of the design process, and is typified by generation of solution proposas
that are not further developed, but are created in order to better understand the problem.

Problem Solving: this consss of secondary activities such as generaion, evaduation and
sdection of solution proposals. Problem solving is usudly caried out at the later portion of
the design process, and it typified by solutions that are generated and serioudy considered for
further development.

4 A measure for ng creative effects of a method

Combination of the two sats of findings (crestive influences, and problem solving tasks in
product development) in section 3 leads to a framework for cregtive problem solving, which is a
knowledge processng cycle conssting of generation, visudizatiion and evauation of tasks and
solutions that requires motivated, flexible processing of knowledge for creative outputs.

Usng this as the bass, a creative problemsolving matrix is developed with factors influencing
credtivity (i.e, knowledge, flexible processng and motivation) placed in rows, and problem
solving  activities  (identification/generation, andyssevaudion, and sdection of tasks and
solutions) placed in columns, with intersections between them to be filled in as an estimate of the
extent to which the credtivity influence necessary (from the row) for the problem solving activity
(from the column) is provided or supported by the method under evauation.

Problem understanding Problem solving

Problem Problem Problem Solution Solution Solution
identification | analysis choice generation visualisation | evaluation

Provides
knowledge

Supports
flexible
processing

Provides
motivation

Figure 1 Creative problem-solving matrix



Here, knowledge is understood as factua or domain knowledge that is required for carrying out
an ativity. For example, a techniqgue may lig out the usud tasks involved in a product
development problem, or a checkligt of types of tasks involved in typicd problems. Smilaly, a
method that uses a compendium of mechaniams will provide knowledge of mechanisms that can
be used for solution generation, and therefore will provide knowledge for solution generation.

Flexible processing of knowledge is understood here as some steps or procedura knowledge that
supports free associations between parts of this knowledge so that fresh, dternative ways of
doing, or dternative outcomes of an activity can be found. For ingance, a flexible problem/task
andyss will lead to severd complimentary or dternaive andyses of the tak, so that a
problem/task may be viewed and reviewed in severd ways.

Providing motivation is taken here as providing inputs that motivate a designer 1o work harder on
the problem. This can be in tems of a desgner getting more stimuli by means of interesting
triggers, or more chdlenges by means of, say, more falures. For ingance, braingorming
continues to produce new and crazy idess, thereby inspiring a designer to think up newer idess.

5 Evaluation

In order to evaluate the efficacy of the measure for postioning and evauating cregtive influences
of amethod, the following approach was used:

Four design methods were chosen as test cases for evauation. These were Ided design
method from TRIZ [8], Innovation Situation Questionnaire (1SQ), dso from TRIZ [8§],
Function analyss method [10], and Braingorming [5]. For more details about the methods,
see [5, 8, 10]. Function anadysis and innovation Stuation questionnaire were chosen as they
ae generdly beieved to be ads for problem undersanding; brainsorming and ided design
method were chosen snce they both are intended to be ads for solution generation. We
origindly thought we could contrast them to identify ther rdaive effectiveness in intended
activities, and find scope for how they could be blended into more powerful systems, for both
individua activities and the overdl conceptua design process.

These methods were estimated for their potentid impact by filling in the cdls in the creetive
problem-solving matrix. The result of the estimation is shown in Table 1.

Table 1 Experiments conducted

Brain | deal 1SQ Function
sorming Design analysis
Team 1 Team 1 Team 1 Team 1
problem1 | problem1 | problem2 | problem?2
Team 2 Team 2 Team 2 Team 2
problem2 | problem2 | problenm1 | problem1

Two teams (Team 1 and 2) of three designers each, pursuing Magters in Design, were asked,
in four separate exercises in contrived settings, to carry out conceptud design for two given
problems (problem 1 and 2), usng a specified method in each exercise, and the proceedings
of their design process was andysed using a vide-protocol study, see table 1. A description of



the method was given beforehand to each team in order to ensure they followed the same
gpecified method, rather than avariant of this with which they were more familiar.

Reaults from step 3 were compared with estimations from step 2 to evauate the measure.
This required the observations to idedly reved the extent to which a given method provided
knowledge for a given activity, supported flexible processng for an activity, or provided
motivation for that activity. However, operationdisng these influences in tems of
observations in the experiments was not possble. Consequently, it was assumed that if a
method were to provide substantial support to a paticular activity, more time than usud
would be spent on that activity while using that method, and therefore the percentage of time
goent in that activity compared to when no intervention is used should act as an indicator of
how strong the likely effects of the influences on the activity would be.

5.2.1 Estimation of effects of a method

The results of estimation of the methods usng the matrix are given in tables 25. A single star (*)
dands for a minor effect to the activity-influence pair where it is placed, while a double star (**)
stands for amgjor effect.

The assessment for braingorming method is taken as an example of how estimation of potentid
cregtive effects is carried out for each method. The reassons for the assessment of brainstorming
method (see table 3) are asfollows:

In the branstorming method, one gep is to have a preparatory meeting with the participants,
right before the actud brangorming sesson, where rules ae explaned, problem, if
necessary, is redefined, and a short, simulating ‘training’ braingorming exercise unrdated to
the problem is hdd. Since the participants are encouraged to think about re-defining the
problem if necessary, it is taken as a minor motivation for identification, analyss and choice
of problem (minor effect on each).

The ‘traning brangdorming sesson provides dimulation, and hence moativaion for the
‘actud’ braingorming sesson. Also, solutions generated during brainsorming are displayed
to dl paticipants, providing motivation. Along with this the second step - ‘actud’
brangorming sesson - explicitly asks them to generate ideas, providing further motivation.
Hence, it is edimated that the method provides mgor motivation for idea generation. Since
there are wdl-defined but loosely connected steps in the braingorming approach, with rules
that encourage free associations, combination and free-wheding, it is assumed tha the
method provides mgor support for flexible processng of knowledge at solution generation
dages. Since idess generated by others are displayed for al to use in further generation of
ideas, there is some provison for domain knowledge in the method. It is estimated, therefore,
that the method has a minor effect in providing knowledge for solution generation.

After the braingorming step is completed, participants are asked to delete ‘slly’ idess firg,
then duder the remaning idess into groups of smilar ideas, and then eaborate and evaluate
the ideas. Since there are explicit ingructions for deetion, clustering and evauation of idess,
it is edimated that this step provides maor support for processng of knowledge during
solution evaudtion, and snce participants are encouraged to evauate ideas, it provides a
minor motivation for evaluation.

The overall assessment of crestive effects of these techniquesis asfollows:



Ided design method: should mainly support problem identification and andysis and solution
generation, with minor support for problem choice and solution evauation.

Braingorming method: should mainly support solution generation and evauation with minor

support for problem identification, andyss and choice.

Function andysis method: should mainly support problem identification and andlys's, with
minor support for problem choice, solution generation and evauation.

1SQ method: should mainly support problem identification, analysis and solution generation,
with minor influence on problem choice and solution evauation.

Table 2 Assessment of creative influences of the |deal Design method

Problem
identification

Problem
andyss

Problem
choice

Solution
generation

Solution
evauation

Solution
sdection

Provides
knowledge

flexible
processing

**

**

**

Provides
motiveation

Table 3 Assessment of creative influences of the Brainstorming method

Problem
identification

Problem
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Problem
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Solution
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Solution
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*

flexible
processing
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**

Provides
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Table 4 Assessment of creative influences of the Function Analysis method

Problem
identification

Problem
andyss

Problem
choice

Solution
generation

Solution
evauation

Solution
sdection

Provides
knowledge

*

flexible
processing

**

**

Provides
motivation




Table 5 Assessment of creative influences of the | SQ method

Problem Problem | Problem Solution Solution Solution
identification andyss | choice generation | evauation | selection

Provides * *

knowledge

ﬂ 9(' u e ** ** * ** *

processing

Provides * * * * *

motivation

On the whole, it gppears that the influences of function anadysis and braingorming seem to be
mainly in problem underganding and problem solving respectively, while that of 1SQ and ided
design method are more balanced.

5.2.2 Comparison with results from experiments

Video tapes of the experiments are transcribed into written protocols, coded usng two primary
categories (problem understanding, acronymed PU and problem solving acronymed PS) and six
secondary categories mentioned in Section 3. Of these, three categories denote problem+
understanding activities: problem identification (P1), problem anaysis (PA) and problem choice
(PC), while the other three denote problem solving activities solution generation (SG), solution
evauation (SE) and solution sdlection (SS). All categories are taken from [4]; the team protocol
datafrom the same work is used as reference for thisandyss.
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Figure 2 Percentage of time spent in primary activities



Figure 2 shows the average percentage of the total design time spent, in the design processes
usng various methods, within the two primary activities. The average percentage of design time
for a given activity (such as problem underganding) while usng a given method (or otherwise)
is cdculated by dividing the aggregete of the amount of time spent in the given activity by the
design teams in their design processes usng that method by the aggregate of the total amount of
time spent by the teams in those design processes. The average percentage of time spent in these
activities, for designing without intervention, is aso shown. It can be seen that, while function
andyss ad brangorming spend over 85% of the time in problem understanding and problem
solving respectively, the other two methods split ther time amost evenly between the two
activities, dthough tipped a little in oppodte directions. If this is noted redive to the figures
pertaining to the design process without intervention, where about one third of the time is spent
in PU and the rest in PS, al methods but brainstorming seems to encourage PU more than PS, as
generdly expected from Tables 2-5.

Figure 3 provides a more detalled picture of the digribution of time in these activities, in terms
of the percentage of time spent in the Sx secondary activities mentioned. Taking the norn:
intervention case as areference again, the following trends can be noticed:
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Figure 3 Percentage of time spent in secondary activities

Ided design: Within PU, more time is spent on problem andyss and problem choice, while
percentage of time for problem identification remains about the same. This is interpreted as
dl three activities being encouraged by the method. Within PS, solution generation time
remans the same even though percentage of time spent on problem solving goes down. This
isinterpreted as solution generation being strongly encouraged by the method.

Brangorming: Within PU, average percentage of time for problem choice goes up. This is
interpreted as the activity being drongly encouraged by the method. Also, the rdative
percentage of time for problem identification among the three PU activities go up relative to
that in the non-intervention case, and is interpreted as problem identification being somewhat
encouraged. In PS, both solution generation and eva uations are strongly encouraged.



Function andyss method: Within PU, percentage of time for dl three activities goes up. This
is interpreted as dl activities in PU being strongly encouraged. Within PS, percentage of time
for dl activitiesis reduced, but among them, solution generation is relaively encouraged.

1SQ: Within PU, percentage of time for problem identification remains about the same while
that for the other two activities go up, which means dl three are strongly encouraged. Within
PS, percentage of time in solution generation remains about the same while that in solution
evadudion is dightly decreased, which, given that overdl time spent in problem solving goes
down subgtantialy, means that solution generdion is actudly strongly encouraged (indicated
using **) while solution evauation is somewhat encouraged (indicated using *).

Table 6 Comparison of estimates with experimental results

Problem Problem Problem Solution Solution Solution
identification andyss choice generdtion | evaudion | sdection
Es Res |Est| Res |EX| Res |Es| Res | EX | Res | ES | Res

Ideal dagn *%* * % *%* *%* * * % *%* *%* *

Bran * * * * * % *%* ** ** * % *%*

gorming

Function ** ** ** ** * ** * * *

andydss

ISQ *%* * % *%* * % * * % *%* * % * *

Comparison of the experimenta results (Table 6) with the estimates indicate that for 19 out of 24
cases (80% of the cases) above, there were similar trends in both estimation and experimentd
results. Although we have no benchmark to judge whether this is a good result, it appears to be in

satisfactory agreement with observation and provides some corroboration of the measure.

6 Discussion, conclusions and further work

Some of the key findings of the work described are:

Some of the centrd influences on credtivity ae knowledge, flexible processing of
knowledge, and motivation.

Some of the basc problemsolving activities are identification, evaduation and sdection of
problems and tasks, and solution proposals.

A framework combining these provide a potentidly poweful way of andysng various
design crestivity techniques to identify their context and worth.

This should hep in finding crestive ways of combining these methods to develop more
powerful, hybrid techniques that leverage the advantages of the individua techniques.

One of the prime motivations of this work is that evaudion of the various credivity methods
and techniques usng the proposed measure should make it easer to identify the reevance and
usefulness of the techniques in the context of creative problem solving. This has been patidly



achieved in that, we can comment on as to which problemsolving activities are supported (or
otherwise) by use of each technique. For indance, the results make it clear tha (1) function
andyss is primaily a technique for problem undersanding, while braingorming is a problem
solving technique, (2) they play complimentary roles in problem solving, and (3) that they could
be profitably combined into more powerful hybrid techniques, such as the use of brainsorming
for generdting sub-proposas a the end of the function analyss method. However, use of the
proposed matrix aso makes it clear that neither of the techniques appears to support solution
sdection, and that this is necessary for effective and complete problem solving. It is dso
reveding to find that while the ideal design approach is proposed as a problem solving technique
complementary to 1SQ which is supposed to be a data collection technique in TRIZ [8], they are
in fact quite amilar in output, and therefore not complementary a dl, and tha ether would form
a rdativey sdf-contained cregtive problem solving method if supplemented by some methods
that support solution evaduation and sdection. However, while the method of evauation heps
identify the activities that are (not) supported by a given technique, it is not sufficiently alvanced
to identify as to what cregtive influence was due (or otherwise) for the effect. Further work is
underway to develop the method of evauation further adong this direction, and further evauate
these methods and others, so that both vaidity of the approach and possihilities for developing
effective hybrid techniques could be enhanced.
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