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ABSTRACT

This work analyses the interaction between thegdesi and the information that is presented to
him/her during the creative phase, including tHferimation that comes from other designers as well
as from a computer display. Different types of iatdion are identified and measured from video data
and transcriptions of a design experiment, in wHimlr teams of three subjects generate creative
design alternatives to a given problem.

Finally, some of the relations that can arise betwthe problem-solving style, the method and the
outcomes, and the degree and kind of interactierpegsented.
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1 INTRODUCTION

The earliest computational models for supportingceptual design used to be automatic and, thus, all
the designer had to do was to introduce the difiniof the problem at the beginning, usually as a
definition of inputs and outputs. In recent yeamyeral computational semi-automatic models have
been defined that allow a higher degree of inteactvith the designer. This interaction usually
consists in selecting a set of design alternativeieh have been generated at each cycle, some of
which also allow the designer to define the weighthe evaluation criteria. These models include A-
Design, Schemebuilder, among others, [1-6].

The possibility of obtaining a computational systengenerate new solutions automatically during
the early phases of the design process is a camgiaV issue. Several authors claim that computer-
aided conceptual design should not substitute ¢segder, but instead allow the designer to be tige 0
who guides the design process [7,8], which is refeto as interactive computer-aided design.

Many research works have focused on the analystseareative design process. In particular, sévera
empirical analyses show that the results thus géeerpresent different degrees of novelty and
diversity depending on the evolution of the desmncess and on the actions performed by the
designer during the design process [9,10]. Othatiess also analyse the effect of creative methods o
people’s creativity [11,12].

Thus, further analysis of the creative processdedwn designers’ interactions is needed in oaler t
gain new knowledge about creative design, which lmarused in turn to define highly interactive
computer-aided conceptual design systems and tmerdéb encourage the generation of better
alternatives.

The aim of this work is to analyse the relatiormin the problem-solving style, the method and the
outcomes of different forms of interaction betwélea designer and the information that is presented
to him/her during the creative phase, which inctuttee information that comes from other designers
as well as from a computer.
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2 INTERACTION IN THE DESIGN PROCESS

The nature and kinds of interactions among theadfit design elements is a hot issue, as can he see
from the large number of studies appearing in itegalture [11-17]. Each time an interaction takes
place, an action comes about as a response ororeagtanother member of the team (provided that
the interaction with the knowledge becomes theitghiib perform an action by the designer). In any
case, the interaction and transmission of inforomaéind knowledge can come about either directly or
by means of computational systems.

A designer’s conception of a design and its coniexpuilt up over time using information from
his/her existing knowledge and experience, as @aglifrom external sources of information [13].
Several concepts should be taken into accountdardo study and characterise interaction, which in
turn implies stating who the actors involved in timeractions are, what the contents of the
information exchanged are and what the scope dhtbemation is [14].

The analysis of interaction needs to consider aduiéity to information, understood as a subjective
measure of the effort that a designer needs to nmkeder to access such a source of information.
[15]. The interaction of the designer with instrumtse like a computer, provides him/her with
information. Sketches made using pen and paperemeintuitive to use, but new interactive devices
and software must be developed, such as acousgitaces for virtual contexts, for instance [16].

In the same way a work concerning interaction psega methodology for capturing and representing
information in large-scale design collaborations. dresult, a visual representation of interacison
obtained, in which measures like information enyrapd semantic coherence are calculated [17]. In
other studies, interaction is analysed from thenpof view of relevance, which is the perceived
degree to which information meets the designef@rination needs while interacting [18].

With the aim to improve design team performancelyaming the interrelations of the members of
design teams has been the object of several stullie=cent one explores the designers’ interaction
with information migrated from video clips, textdsl documents, the World Wide Web and from
other designers and they found that designers splenoist 50% of their time attending information
sources and that some information sources weressedemore than others [19]. Based on these
findings, these authors highlight the need for tielbajuantification of interaction; this objectihas
been also considered in the work presented irptger.

3 DESIGN EXPERIMENT

An experimental analysis to study the effects tliierent idea-finding methods have on the design
process and the outcomes of four design teamstoarmmpare these effects to those produced by the
problem-solving characteristic of the team membees preformed.

The participants were Engineering Design PhD stisdendoctors, most of whom had experience in
designing. The KAI inventory [20] was used to idnthe problem-solving style (innovative versus
adaptive) of each individual. The task was to geteerdeas for a tubular map case allowing one-by-
one removal and insertion of maps. Two innovateégnts and two adaptive teams with three members
in each group were formed. One adaptive team ared ionovative team used a hypothetically
innovative method (SCAMPER) to solve the desigrbfmm. The other adaptive team and the other
innovative team used a hypothetically adaptive webttvisual stimuli). Each team generated ideas
during a 45-minute period while being exposed ttemal stimuli from a computer at a constant
frequency. These stimuli consisted in a set of isafyisual stimuli method) and a set of questions
about what to “substitute-combine-adapt-modify- fmubther uses- eliminate-rearrange” (SCAMPER
method).

Outcome-based and protocol analyses were perfotmetieasure the influence of the problem-
solving characteristic of the team members andefmethods in terms of the degree of novelty and
other criteria, as is described in detail in [21].

Some of the design outcomes analysed were the muhhéernatives and time dedicated to them and
the degree of novelty of the alternatives that wgemerated. Figure 1 [21] shows the time of
dedication to solution alternatives. It was coneldidhat teams inspired by SCAMPER questions
showed preference for a solution to which the grdegicated time to develop further, whereas teams
inspired by visual stimuli were in a continuousxflof solution alternatives generation without
reaching a satisfying pair problem-solution. Thiaswnterpreted as due to the fact that SCAMPER
allows designers to work within their own frame.
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Figure 1. Time of dedication to solution alternatives (from Lépez-Mesa 2004)

Novelty is a relative term and, thus, difficult teeasure. A method was used [22] which takes into
consideration the non-obviousness of solutionssidening that obvious solutions in the experiment
are those that were produced by all teams and heiows solutions are solutions which few teams
thought about. The method measures the percenfagdutions from a team that falls in each of the
different levels of non-obviousness. Whether atgmiufalls on one level or another depends on the
number of teams that have produced a similar swiuihe solutions can be similar at different lsvel
of abstraction, that is to say, two solutions miéfedin a specific detail but their action funati@an

be very similar. It was found that the main diffezes could be found at the action function level,
shown in Figure 2.
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Figure 2. Analysis of obviousness of solutions at action function level (from Lépez-Mesa
and Vidal 2006)

At the Action Function level innovative teams prodd a higher percentage of non-obvious solutions
than adaptive teams.
This experiment is here used to analyse interaction

4 ANALYSIS OF INTERACTION

In this section the experimental data are analfised the point of view of interaction; this involve
identifying how the design process is perceivedalyesigner throughout its evolution in time from
one state to another, as well as how the desigaetg.
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Design protocols were analysed and the designesitees were coded. These data were studied in
order to identify variables and qualitative pattemm the interaction, and were also related totrea
design process results in terms of the degreesltyoand the number of alternatives.

Interaction is a reaction that occurs as a resptmseternal stimuli. From the analysis of the dasi

protocols and the video data several types ofatem were identified and we classified them am th

basis of two criteria:

. The type of answer or reaction produced in the@uteon.

. The source of the interaction.

From the point of view of the type of answer, thlBowing options were identified in the experimdnta

data:

. The designer is accessing the on-screen informatitrhe/she gives no reaction. This kind of
interaction is identified every time the desigraals at the screen, but after looking at it his/her
next action has nothing to do with that information

. The designer reacts with gestures or single uttealike “yes” or “this is already understood”,
etc. This kind of interaction is referred to asrff@l interaction”.

. When the formal interaction consists in asking somee for instance, to explain something
again or for their opinion, this is identified asrhal-asking interaction and it produces a direct
answer.

. The designer reacts to a particular piece of infdiom by introducing new information about
the design problem, or about an idea. This kinishigfraction is named “content interaction”.

. When the aforementioned interactions include atipreghey are called “content-asking
interaction”.

From the point of view of the source of interactitirte following options are identified:

. The information on the screen.

. Another designer speaks about or draws something.

. A previous idea, that is, information that has prasly been generated or expressed and which
the designer uses again after ignoring it for same.

. A physical object in the experiment room: a tubufep case, or a piece of furniture in the
room.

As an example, Table 1 shows a piece of one ofptieéocol transcriptions and the interactions

identified.

Table 1. Example of interactions in the protocol transcriptions. Language in the
experiment: Spanish

Time Designer 1 Designer 2 Designer 3
86. There are two ways. One is:
there are all the coaxial tubes
9:49 and, thus, the internal diameter, C1/
' the one that [he is pointing to IDEA
one previous idea], can be use(d
as a spinning axis
. You can also
10:02 ...0r... do it
. Maybe that spinning axis can bg with coaxial
10:04 used to contain something. [...] tubes as well c3n
) The other one is. Now, let’'s
10:10 see
10:13 Coaxial tubes Yeah F2/1
. He draws
What you were saying, exactly [ :
10:14 | what you were saying. But, how CLs according to C3/1
: C1->3 what Designer
many [maps] could it hold? : .
1 is saying]
. You can do it
10:17 like this Answer
How many [maps] do you think
10:19 could be...? No, if we do it C1->3 [He goes on
o - drawing]
better, it will be easier. |
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guess...

10:26 One into each

one Answer

Symbols in the table:

Fxly: x has a formal interaction with y Cxly: x has a content interaction with y
Cx=>y: content-asking interaction. It produces a digtwer or confirmation.

[...]: information between square brackets is addedarify the protocol data.

5 RESULTS AND DISCUSSION

A design team is more or less interactive dependinghe number of actions that its members
perform as reactions to the external informatiod antions they receive. In order to measure and
compare the interaction intensity during the degigitess, the degree of interaction is defined as (

> 1.Dl

|\/|.D.|.:'T 1)

Where:

M.D.l = Mean Degree of Interaction, which reflettie mean of the individual degrees of interaction.
I.D.I = Individual Degree of Interaction.

N = Number of members in the team.

And,
N..I
IDIl.=——m—, 2
Interventons
Where:
N.L.I = A designers’ total number of interactiomsthe session.

Interventions = A designer’s total number of inertions, that is, the number of utterances or avent
that he/she makes during the session.

Table 2 shows the mean degree of interactionségoln éeam, where the higher the obtained value is,
the more interactive the team is.

Table 2. Degree of interaction

Scamper- Scamper- Visual- Visual-
Innovative Adaptive Innovative Adaptive
Designer 1 2 3 1 2 3 1 2 3 1 P 3
No. Interactions 97 132 79| 170] 132 89| 91| 98| 65| 51| 55| 72
No. Interventions 305 418) 401 379 419| 549| 343| 247 583 364 325 228
[.D.1 (%) 32| 32| 20| 45| 32| 16| 27| 40| 11| 14| 17| 32
M.D.I (%) 28 31 26 21

According to the results in Table 2, the teamsaadered from the highest degree of interactiorméo t
lowest as follows:

Adaptive team using SCAMPER.
Innovative team using SCAMPER.
Innovative team using visual stimuli.
Adaptive team using visual stimuli.

bR

This therefore enables us to observe the influefidbe design method on the degree of interaction.
Teams that use SCAMPER are more interactive theandeausing visual stimuli. The problem-solving
KAI characteristics show no influence in the anatyslata. This could be due to the fact that the
SCAMPER method allows designers to work with tlwim frames whereas visual stimuli leads the
teams to change of frame continuously. This coa@dhg reason why designers’ emphasis increases
and, indirectly, they are more interactive.
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In order to explore and characterise the type tdraction in a design session, the percentages of
interactions depending on the type of reaction éegkending on the type of source are studied. The
following subsections show these results.

5.1 Results concerning the reaction in the interact  ion
Figure 3 shows the resulting mean percentage afuh#ber of each type of interaction for the teams.
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Figure 3. Type of interaction

According to the results, the most frequent inteéoacfor all cases is the “content-interaction”,iafn
accounts for more than 40% of the total interastigkithough there are no big differences, innowativ
people present a slightly higher content-interactian adaptive people.

The next most commonly used type of interactiothés “formal-interaction”, which is more frequent
when the SCAMPER method is used. A possible reasutd again be that SCAMPER allows
designers work with their own frames, provokingtthahigh number of formal reactions, such as
approval of solutions offered by other membershefteam, are produced.

Non-reactive interactions happen every time a stlijoks at the computer display but no reaction is
produced at all. This interaction is more frequehen visual stimuli are applied, as is explained in
greater depth in the next subsection. The adaf#am® using visual stimuli is the one with the hgthe
percentage of non-reactive interactions, whileitimevative team using the SCAMPER method is the
lowest one. For the remaining types of interactiorery low frequency is observed.

5.2 Results concerning the source of interaction
Figure 4 shows the resulting mean percentage ohtimber of each source of interaction for the
teams.
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Figure 4. Source of interaction
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In all the cases studied, the largest degree efdntion always corresponds to the interaction gmon
participants (“people” in Figure 4) and is alwayese to 70% of the total number of interactions
detected. The nature of this kind of interactioquge similar in all cases, although it is slighigher

in those cases where the SCAMPER method was appigthermore, in each method, the figure
shows how there is always higher interaction amtbveg participants (“people”) in the teams with
more innovative members. Finally, when comparing tbtal number of interactions among the
participants, the adaptive team using SCAMPER nweihr@sents more interactions (331) than the
innovative team using SCAMPER (285).

When analysing the results of the interactions withcomputer display, it can be shown that thigl ki

of interaction increases when visual stimuli aredusindeed, this sort of interaction draws the
designers’ attention back to the screen more tharSCAMPER method, which is based on series of
questions. In any case, one of the teams usin§@AMPER method has a level of interaction with
the computer display that is very similar to anotimat uses visual stimuli (SCAMPER-ADAPTIVE
and VISUAL-INNOVATIVE, respectively).

The main reason lies in the strong ability of immgerecall our attention. Thus, designers terilddk

at the information on the screen for a long timereif, as usually happens in most cases, thame is
reaction to this information.

Although the individual analysis of the data frohe texperiment reveals the same tendency or
behaviour, in three of the four cases it can b&adthow there is a person with a stronger tendémcy
interact with the computer than with the other ipgvénts. A closer look at the videos provided an
insight into the group dynamics — only in one af troups was the interaction among the participants
well-balanced. In the remaining cases it can beemiesl how there are two people with a higher
degree of interaction between them, and a thirdietergely excluded from the group dynamics, but
does interact sometimes. As a result, this thirdnber interacted highly with the information
presented on the computer screen.

Also related with the group dynamics, in three lef four groups it can be observed that the people
with a lower number of interactions with the gratipeople”) are the ones with a larger interaction
with the computer.

The interactions with previously generated idegweasent from 5% to 8.5% of the total number of
interactions, and are more common in the casesofvistimuli.

Only in the SCAMPER method there is explicit int#iran with some of the objects existing in
the work place (tube-based models or even furnideséces). In any case, these interactions, reptrese
less than 2%, are rather small.

5.3 Interrelation with design process outcomes

From Figure 1 and Table 2, it can be deduced tatniore interactive a team is, the highest the
probability of working with its own frame. SCAMPHRSsters a larger degree of interaction among the
participants.

Unfortunately, due to the small number of experiteerarried out in this paper, the relationship
between the degree of interaction and the degremowélty of the solutions generated can be
determined only in a preliminary and qualitativeywa

. The case with the largest number of different alives in terms of the action function level is
the second one with a larger degree of interaction.

. The case with the lowest number of novelty solifsom the point of view of an action
function level is the one with a lower degree @éraction.

In other words, there appears to be a slight caticel between the degree of interaction and the
amount of novelty of the solutions found. Consedlyetthe larger the degree of interaction is, the
higher the novelty will be. On the other hand, tlelsitionship does not seem to be directly coreelat
since the case with the largest degree of intenads the third one in terms of the number of ntyvel
solutions generated. Thus, a large number of dasesalysis are needed, before a conclusive answer
can be given.
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6 CONCLUSIONS

The work describes a way to explore interactionsnducreative design based on the analysis of

protocol and video data. The degree of interacttomeasured by a design experiment, and the

interrelation between people’s problem-solving estybnd the method is also analysed. The main
conclusions are:

. Around 25% of the designer’s actions are interactimswers to another designer’s actions, an
object, a previous idea or information on a compsteeen. Sometimes, there are double or
triple interactions, that is, the designer’s ansisgjiven simultaneously to more than one
source, such as the computer and another designer.

. When applying a method that encourages the gearratiideas that allows designers work
with their own frame, the degree of interactioa igitle bit higher than when a visual stimuli
method is applied.

. The influence of the personal problem-solving stii@ovative-adaptive) on the degree of
interaction is not observed in the data analysed.

. Content-interaction is applied in more than the 4fi%he interventions in all the cases. It has
been observed that in teams with an innovativelpmotsolving style the percentage of content-
interactions is slightly higher.

. Formal-interaction is the second most commonly olesktype of interaction. Teams that
applied the SCAMPER method carried out a highegllef/formal-interactions than the others.

. The most frequent source of interactions, in alksais an action performed by the other
designers, which represent around 70% of the obdanteractions. In teams that use the
SCAMPER method there is a slightly higher interattivith the other designers. The influence
of the problem-solving style is lower, but it issgloved that this source of interaction is higher
in innovative people.

. When visual stimuli are used, the computer inforamais used significantly more frequently as
a source of interactions.

. In each team, there is a designer that interasssviéth the other designers and, thus, he/she
displays a higher degree of interaction with theapoter information.

. A comparison of available data shows that a higlegree of interaction is related to a lower
number of design alternatives.

. The team with the lowest degree of interactiomésdne with more obvious solutions. But there
are no conclusive results about the relation betwee degree of interaction and the novelty of
the results.
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It would also be interesting to expand these resuliorder to test other hypotheses, for instaimce,
those cases where the solutions found are a loygaway from the paradigm, whether there is an
increase in the degree of interaction or it reméiessame. This kind of study should be carriedogut
analysing the degree of interaction in a local vead in different episodes of the session.

These results can be considered in the definitibmew computational models for supporting
conceptual design. New procedures and options eamflemented in the reasoning schemes of these
models in order to allow a higher interaction andsequently better results.
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