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ENDUSTRI URUNLERI TASARIMINDA
2 BOYUT - 3 BOYUT ESKIZ ETKILESIMLERINE
BILISSEL BiR YAKLASIM

OZET

Cizim, bir tasarim araci olarak, tasarim siirecinin farkli agamalarinda farkli amaglara
yonelik olarak kullamilmaktadir. Tasarimin erken donemlerinde kullamlan gizimler
iiriniin temsili bir gosterimi olarak degil, tasarim fikirlerinin yansimalar1 ve yeni
fikirlerin olugumuna aracilik eden tasarim unsurlar olarak degerlendirilmelilerdir.
Tasarimun biligsel siireci igerisindeki bu rolii eskizi ¢ok ilgi gekici bir aragtirma alani
yapmaktadir.

Ancak eskiz konusu iizerine yapilan aragtirmalarin ¢ogu metodolojilerini tasarim
stirecinde ¢izimin kullanimi tizerine kurmuslardir. Bu aragtirmanin amaci, kil-model
kullaniminin alternatif bir eskiz araci olarak incelenmesidir. Bu inceleme ii¢ boyutlu
model ile iki boyutlu g¢izimlerin tasarim siirecindeki etkilesimleri baglamimda
yapilandirlmagtir.

Model kullanmminin kavramsal tasarim evresine katkilarinin anlagilabilmesi ancak
tasanimeinin  biligsel aktivitesinin incelemesiyle miimkiin olacaktir. Alternatif
aragtirma metotlar: arasinda tutanak analizi yontemi, tasarim aktivitesinin ayrintils
dokumiinii olusturmaya uygun yapisi géz oniinde bulundurularak yeglenmigtir.
Arastirma kapsaminda tutanaklardaki modelleme aktivitesinin incelenebilmesini
saglayacak bir kodlama sistemi de olugturulmustur. Bu kodlama sistemi kullamlarak
modellemenin siireg igerisinde degisen rollerinin belirlenmesi amaglanmigtir.

Endistri  Uriinleri Tasarimu  6grencilerine yapilan uygulamanin  incelenmesi
sonucunda kil-modelin bir eskiz araci olarak yaratict sireg icerisinde eskiz
kavrammin gerektirdigi ozellikleri gosterebildigi ve son iiriiniin kalitesine onemli
katkilarda bulundugu go6zlenmigtir. Ileride bu alanda yapilacak aragtirmalarin iig
boyutlu eskizin tasarim sirecine en uygun ve verimli bi¢imde nasil eklenebilecegi
konusunda aydinlatic1 bilgiler vermesi miimkiindiir.

viii



A COGNITIVE APPROACH TO
2D — 3D SKETCHING INTERACTIONS
IN INDUSTRIAL DESIGN

SUMMARY

Drawings are utilized for different purposes at different stages of the design process.
The drawings that are produced within the early stages of a design process are not
only rough drafts of a design, but they also represent some design ideas as well as
they contribute to the development of new ones. These cognitive implications of
sketching make it an attractive area of research.

However most of the studies performed on sketching have built their methodologies
upon the use of drawings. The aim of this study was to explore potentials of clay
modeling as an alternative sketching tool within the context of the interactions of
conventional sketching and 3D sketching throughout the design process.

It is obvious that cognitive activities of designers have to be captured, in order to
have a better understanding of the contributions of modeling activity to the
conceptual design phase. Amongst alternative research methods, protocol analysis
with its ability to capture design activity in its detailed description is chosen to be the
method of the study. Furthermore, a new coding scheme is proposed for analysis of
modeling activity within the protocols. This coding scheme is used for determining
the altering roles of modeling activity.

Analysis of protocols of industrial design students have shown that modeling as an
alternative tool for sketching is capable of simulating the creative properties of
sketching and contributes to the quality of the design product. Further research on
this area may shed light on the ways of implementing 3D sketching into the design
process.

ix



1. INTRODUCTION

Drawings are used for different purposes on different stages of the design process.
This is common for all areas of design. In the early stages of design, which is
identified as conceptual or preliminary design phase in design research, relatively
ambiguous and incomplete figures are produced. These ‘sketches’ not only represent
some ideas on paper but also they contribute to the development of new design ideas.
Therefore, researchers focus on the role of sketching in conceptual design phase and

place great emphasis on determining the relation between creativity and sketching.

The potentials of sketching have always been an attractive area of research.
Sketching in its literal meaning is ‘an outline or rough draft or plan of any design’.
However, as long as the role of sketching in design is concerned, it can be told that it
covers more than being just ‘an outline’. Many researchers dealing with the
investigation of the potentials of sketching come up with comprehensive descriptions
of ‘sketching’.

Purcell and Gero (1998) stated that there are different types of drawings associated
with the design process. The ‘relatively unstructured and ambiguous’ ones are

utilized in the early stages. According to them these drawings are called ‘sketches’.

The same propetties are highlighted by Kavakli (1998), where she denotes, that
incompleteness, ambiguity, fluency of its production and the way it captures the
essence of form and space are characteristic properties of a ‘sketch’. She refines the
definition of sketching by calling ‘the initial free-hand drawn externalizations
produced by a designer of envisioned or partially envisioned entities’ as sketches.

This definition draws attention to the cognitive implications of sketching.

Suwa et al. (1998) also stress the fact that sketches play an essential role in the ‘early
conceptual design process’. They add. that exploration of how sketches are essential
for the formation of new ideas is expected to bring some important implications for

design education and design support systems. They claim that little research has been



done empirically to examine the way in which designers cognitively interact with

their own sketches.

Verstijnen et al.(1998) categorize sketches and designate the sketches that are made
in the early phases of design as ‘idea-sketches’, and emphasizes that the idea-
sketching will have an important role in creative process because of their early

appearance in the design process.

Moreover, they underline the fact that the detailed study of sketching behavior may
provide a fruitful approach to understanding the relationship between cognition, the
sketch and sketching.

1.1 Objective of the Study

Different definitions made by researchers indicate that sketching has to be handled in
a way that more than being a documentation or report of reflecting mental images,

sketching participates in the mental cycle of creation.

However, most of the research in the area of design on the subject of the role of
‘sketching” is based on drawings made by the designer throughout the design
process. It is not to deny that drawing seems to be the most common and effective
way of representing mental activities in conceptual design phase and communicating
with the ‘design’ ideas. Considering the fact that a pen and paper is the only
requirement for sketching, it is not a surprise that drawing became the most effective

and yet the conventional way of sketching.

On the other hand, very little research is performed about alternative ways of
‘representations’, which may be used in conjunction with ‘conventional’ drawings
within the design process. It is hardly possible to grasp the limitations of sketching,
without having an extensive understanding of various methods that may be utilized
to communicate with the design situation without sacrificing from the essence of
sketching.

Looking at the professional area, it can be realized that clay models are used as
supplementary sketching elements. The driving force behind this study lies in this

observation.



The objective of this study is to examine the use of clay models as an alternative
and/or complementary sketching tool. Considering the fact that these models are
used for representing design ideas in the way that idea-sketches do, they also will be
designated as sketches in this study. This will underline the fact that both drawing
and modeling will be handled as supporting sketching tools for the conceptual design
stage. On the other hand, the distinct character of drawing and modeling will be
further refined by designating the drawings as ‘2D sketches’, since they are
performed on a two dimensional space and the clay models as ‘3D sketches’ because
of their three dimensional nature. It should be taken into account that this description
is used for the clay models that are produced within the conceptual design phase. The
models that are produced and used at later stages of the design process are called

prototypes and they are mostly utilized for testing purposes.

Drawings communicate with the mind through visual perception. Two important
characteristics are underlined by researchers. First one is that sketches may be used
as ‘external memory aids’, where the designer echoes the content of histher short
term memory on the paper, before it is depressed by newer items in the memory. The
second one is the reinterpretations in mental imagery that may lead to new design
ideas. These reinterpretations are initiated by visual cognition of previously made

sketches.

On both occasions vision takes its role as an input channel to the memory. When
using a 3D sketch tactile perception is used along with visual perception. This leads
to the question; ‘Does use of sketch-modeling enhance the capability of
representation as long as the communication between the designer’s mind and the

design situation is concerned?’

Although the roots of this question lie within the realm of psychology, it is possible
to start examining the interactions of conventional sketching and sketch modeling
within the design process. This will give an insight into the potential roles of
alternative methods of sketching. The intension is not to replace existing methods,
but to strengthen them, and enhance their capabilities by describing supplementary

tools.

Summing up all these, the aim of this research is to contribute to the development of

more efficient design approach improved by the use of 3D sketching.



1.2 Limitations of the Study

In this study 3D sketching is investigated within the context of the relations of
sketching and design decisions. The interaction of sketch drawings and sketch-
models is of primary concern. Moreover, this relation is particularly explored within
the early stages of the design process, namely in the preliminary (conceptual) design

phase.

The area of interest is to determine the reflections of 3D sketching on industrial
designers. Industrial design students are chosen to take part at this research. Hence
the design task has to be planned accordingly. The product has to be feasible, in the
sense that alternative representations of it can easily be modeled by using clay. Wire-

frame structures, for example, are not likely to be modeled by clay.

Since both the design product and participants are chosen from a specific field,
potential use of 3D sketching in other disciplines of design, like architecture or

interior design, is not within the realm of this study.

The method used in this study is protocol analysis, where the protocol is based on the
concurrent verbal account of the participants through a design session. Neither of the
participants has taken part in a research with protocol analysis or ‘think-aloud’
procedure before. They also reported that they had not utilized any kind of 3D

sketching as a distinct design tool in their design experience.



2. SKETCHING IN DESIGN

2.1 Researches on the Role of Drawings as 2D Sketching Elements

Drawings are widely used in various disciplines related to design. They usually come
in different forms. Abstract and incomplete ones called as ‘sketches’ are related to
early design stages whereas more definite and detailed ones are produced at the
presentation level. In order to understand the essence of drawings and their role in
design process, sketching should be handled at a higher level than being just a
representation. Its cognitive implications make it possible to relate the use of
sketching to the designers’ cognitive activity. Many researchers have developed
models that represent the inner dynamics of design as a problem solving mechanism.
Researches based on these models shed light on the cognitive role of sketching. The
first part of this section exhibits the models used for describing design activity within

the context of their contribution to the knowledge concerning the role of sketching.

In most of these researches the same methodology is utilized. Protocol analysis,
which relies on the verbal reports of designers regarding their design process,
delivers the most comprehensive information about the mechanisms of design.
Researchers develop coding schemes in order to be able to analyze design protocols,
where they try to devise a general taxonomy of the content of designer’s cognitive
processes. The different coding schemes and their development are going to be

handled in the second part.

2.1.1 Models for Describing Design Activity

In recent years researchers have come up with several models for describing design
activity. Although they seem to diverge in their taxonomy, they all are similar in the
way they define design as a problem solving experience and design tasks as ill-
structured problems. Moreover the design progress is also divided into certain

phases, the ‘level of abstractness’ of which decreases as the design develops.



Sketching is underlined in these models in the sense that it plays an important role in

the early phases of design.

Schon (1983) outlined a new approach in design methodology, which is designated
as ‘reflection-in-action’. In his model he claims that the designer is in a ‘conversation
with the design situation’. Reflection-in-action mechanism is a process of naming,
framing, making moves and evaluating the moves. Naming, in his work, corresponds
to the identification of the objects of the design situation. In the framing section the
general perception of the design situation is constructed. Within the context of the
frame, the designer makes a move, which is then evaluated. If the move is a
reasonable one according to the evaluation new moves are planned. However an
inadequate move leads to reframing of the design situation. This design cycle is

similar to the basic design cycle of ‘analysis-synthesis-simulation and evaluation’.

Based on this model, Schén and Wiggins (1992) analyzed design protocols, in order
to have an understanding of the role of sketching in design process. They emphasize
the fact that sketches act as a visual-display which can be potentially perceived in
different ways. This experience is considered to be the source of reinterpretations.
Reinterpretations are images produced in the ‘mind’s eye’ as a consequence of visual
perception of drawings. Schén and Wiggins evaluated the occurrences of
reinterpretations as moves within the design process. The stage related to reasoning
of the consequences of a move is called ‘seeing’. Their model describes design
cycles as sequences of seeing-moving-seeing. They argue that move may have both
intentional and unintentional consequences. Unintended consequences of a move in
the design cycle allow the designer to incorporate a larger amount of his knowledge

into the design situation.

Goldschmidt (1991) has performed a series of protocol analysis on novice and expert
designers. She intended to develop a model to capture the role of sketching within
the design process and the cognitive processes involved within. Design as being a
reasoning process can be divided into strategic elements. She classified these
segments that build up the design process as moves and arguments. Moves are
elements that divide the stream of design activity in smallest units. Arguments on the
other hand are statements about the design situation or aspects of it. Arguments are
further classified as ‘seeing-that’ and ‘seeing-as’ by Goldschmidt. The statements
that are about non-figural properties of a move are ‘seeing-that’ arguments. The



figural ones, on the other hand, are ‘seeing-as’ arguments, where the designer is
interpreting the figural properties of a sketch. The ‘seeing-as’ arguments have
important cognitive implications, since they are candidate segments for being sources
of reinterpretations. Goldschmidt denotes that the dialectics between these arguments
and sketching is building a bridge between abstract and conceptual properties and
physical properties of a design. As far as the conceptual mechanism of design is

concerned this dialectic structure of sketching activity is of primary concern.

Akin and Lin (1995) underline the fact that verbal and visual data coexist in design
protocols and devise an activity based dual mode model which deals with verbal-
conceptual and visual-graphic data in design protocols simultaneously. In their
research they correlated design decisions, being the indications of ‘emergence’ in
design, to the activity categories established. They divided the design protocols into
three major segments: conception, development and representation. At the
conception level the overall approach of the solution is outlined. The development
stage is where the design product is developed and the representation stage
corresponds to the period where the designer prepares the presentation drawings.

Using this model they investigated the relation of the visual and verbal data forms.

An alternative model was developed by Goel (1995). He underlined that the
characteristics of the design process is related to the ill-defined nature of design-
problems. According to Goel design moves from the preliminary stage through
refinement into a detailed design. He adds that the level of details and explicitness
increases towards the end of the design process as far as the drawings produced by
the designer are concerned. The drawings that are produced during the preliminary
phase are unstructured sketches whereas at the latter stages of the design process
drawings become detailed presentations. Comparing protocols in problem solving
literature with his own experiments where he analyzed protocols of design sessions
he observed two types of transformations on drawings. The ‘lateral transformations’
correspond to a move from one idea to another one at the same level of abstractness.
The “vertical transformations’ on the other hand take the design to a higher level of
concrete definition. He claims that ‘lateral transformations’ are mostly observed
within the preliminary design stage and ‘vertical transformations’ are associated with

the refinement and detailed design phases.



The same phenomenon is carefully analyzed by Oxman (1997) where she proposed a
model for visual reasoning in design. She denotes that sketch is a medium for the
transaction between the designer and the representation. She adds that it is these
transactions with the external representations that illuminate the designers’ visual-
mental processes. She proposes a model of the cognitive mechanisms and abilities
that underlie and enable sequential states of graphical re-representation in design.
According to Oxman, sequence of sketches can act as a record of reasoning process.
She claims that the re-representational model provides a foundation for the theory of
creativity. She develops the following concepts from empirical studies, where she

underlines the role of sketches as representation elements:

- Human ability to transform implicit knowledge to representational structure

enables modification or change.

- The capability to transform knowledge into representational structures underlies
the ability to make novel modifications and changes within, or through those

representations.
- Establishment of the right representation may be considered to be a creative act.

Verstijnen et al. (1998) experimentally studied sketching behavior with the aim of
developing helpful computer tools for the early phases of design. Two mental
processes emerged as essential elements of creative processes: Restructuring and
Combining. They claim that this distinction sheds light on the issue of sketching.
Combination tasks are easily performed by the mental imagery, whereas
restructuring processes are difficult to be executed in mental imagery and need to be

supported by sketching.

These studies have shown that sketching not only represents some figural properties
of design situation but also have strong contributions to the development of the
design by participating in an interactive process with the cognitive activities of the
designer. With its unique properties such as ambiguity and incompleteness, it
delivers the necessary formation for creative tasks such as combination,
reconstruction or re-representation. This makes sketching an indispensable element

of conceptual design phase.



2.1.2 Methodologies for Capturing Design Activity

Protocol analysis is widely employed in design research for capturing sketching
activity. According to Dorst and Dijkhuis (1995) two classical approaches exist in
protocol analysis: process-oriented approach and content-oriented approach. The first
one is utilized for describing design as a problem-solving mechanism, where
problem-states, goals, acts, strategies are of primary concern. Conversely, the second
method aims to reveal the content of the mental activity. Suwa et al. (1998) denote
that this approach is considered to be more suitable for capturing designers’

interaction with their sketches.

A general model for protocol analysis is developed by Suwa and Tversky (1996) that
improves the quality of information gathered through protocol analysis, related to the
process and content of a design session. The basic elements of this model are
segmentation and action categories. Segments are smallest units within the protocol
belonging to the same intention. Action categories, on the other hand, are used for
coding designers’ cognitive actions. Spatial relations, functional relations, conceptual
relations or background knowledge are designated with different codes in this
encoding system. This model is further developed by Suwa et al.(1998) where the
action categories consist of four categories with several subclasses: Physical,
Perceptual, Functional and Conceptual actions. The relations between actions
belonging to different levels are also encoded. The modified version by Suwa et al. is
considered to be the most comprehensive model that covers both content and process

related information.

Suwa et al. (1998) used this coding scheme in their research where they expected to
lay the foundation for microscopic analyses of how particular types of action
contribute to design ideas. Additionally they tried to set a basis for macroscopic
analyses of how designers cognitively interact with their own sketches. The results of
this study has shown that the design sketches not only serve as external memory
elements and as visual cues for association of non-visual information but also

provide physical setting in which ideas are constructed on the fly.

Recently, Kavakli and Gero (2001) analyzed design protocols of novice and expert

designers in order to show the differing balances between their approaches in terms



of cognitive actions. In their study they utilized the theory of mental imagery to

explain the distinctions.

It is possible to utilize these description methods when analyzing design protocols,
however the flexible structure of protocol analysis method makes it possible to
define a specific coding scheme for a certain phenomena. Since modeling activity is
not covered within these encoding systems it can be incorporated to an existing one

or a new coding scheme can be devised.

2.2 Researches on the Role of 3D Models as Creative Design Elements

Researches on the use of 3D models as design elements are mainly concerned on the
role of prototypes within the design process. Milanski and Wang (1996) have
conducted protocol studies on users where they utilized 3D behavioral prototypes in
order to test design ideas. In a subsequent study Milanski (1997) has performed
think-aloud experiments where a full size model of the product is employed, which

worked like the actual one but did not look like it.

However these experiments use 3D models with the aim of testing a design idea that
is already developed. Since it is intended to cover and investigate the potentials of
3D models as sketching tools within the preliminary design stages and their cognitive
implications are important, it is evident that the use of 3D models as prototypes is not

within the realm of this study.
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3. RESEARCH METHODOLOGY

3.1 Alternative Research Methods

In order to be able to decide on the methodology, it was essential to compare
alternative methods that might be utilized for this research, such as survey, interview,
case study, observation, experiment and retrospective verbal accounts and protocol

analysis.

Considering the fact that the aim of the study is capturing the mental activity in order
to come up with a detailed description of the relations and interactions of using
modeling as a sketching tool in the conceptual design phase, the method chosen has

to be capable of representing the mental activity as it was.

The latter four alternatives are commonly used in researches related to design
process and mental activities. Case study is also applicable, but it is essential to form

a conceptual framework of 3D sketching before going into real life examples.

It should be considered that the different methods have their advantages as well as
disadvantages. However protocol analysis together with think-aloud method turned
out to be the most appropriate way of studying the essentials of 3D sketching in
conceptual design phase. The four methods mentioned above are compared with

potential scenarios in the following sections.
3.1.1 Observation

Two different approaches may be utilized when considering ‘observation’ as a
suitable approach to gather information about the use of modeling in interaction with

sketching throughout the design process.

First approach would be setting up an experimental situation, where one or more
students are given a design task and expected to come up with a product within a

certain time span. They may be observed and/or recorded throughout the design
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process. Then by using the observation notes and the recordings as the data,

modeling activities may be compared.

As an alternative approach, students working in the studio on their individual
projects may be observed. Since this is an ethnographic observation, no experimental
setup is needed. However the observation period might be extended to a whole

semester, depending on the context of a project task.

This approach has both its advantages and disadvantages as compared to the former
one. Since the students are working on their own environment, they are disturbed to a
minimum degree by the experimental situation. Considerable amount of sketches and
models might be collected. Different approaches may be observed simultaneously,
thus it becomes easier to interpret and compare the motivations for using 3D

sketches.

3.1.2 Experiment

Another approach may be the experimental method. According to Verstijnen et
al.(1998), protocol analysis or introspection, which will be discussed in the following
section, are not appropriate to reveal creative processes extensively making use of
visual thinking. They claim that these methods might even obstruct them. They state

that the experimental method is a better way of approaching mental processes.

In an experiment, it is not possible to address the problem directly. Therefore,
experimental process relies on deductions made from the results of certain

experimental tasks.

When planning an experiment on sketching, first thing to consider is a proper design
task. Unlike the other methods, an experimental task is usually based on the question

whether the designer is or is not able to perform a certain task.

Experiment, as a research method, is used for studies exploring issues such as
creativity, expertise and mental processes related to design including mental
imagery, restructuring and combining. It is not to deny that experiment would be the
most suitable method for investigating the resemblance of 2D sketching and 3D
sketching or comparison of their mental reflections. Some of the main properties of

sketching like ambiguity or incompleteness may be investigated by an experiment.
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3.1.3 Protocol Analysis

From the viewpoint of design as a discipline, protocol analysis in general is the
method of examining design activities by verbal accounts given by the designers.
The idea behind this method is capturing the detailed process of the designer’s
mental activity, both in visual-graphical as well as verbal-conceptual terms. As
compared to the other methods applicable in design research, protocol analysis

delivers the most intense information about the designer’s mental activity.

Two alternatives exist, when considering protocol analysis as a research method.
First one is retrospective or introspective verbalization and the second one is called
‘think-aloud’ or concurrent verbalization. The former method relies on the verbal
accounts of the designer about what he/she recalls afier the design process, whereas
the latter one makes use of verbalization of the designer throughout the design
process. Therefore the concurrent verbalization delivers a better conception of the

details.

However both of these methods are preferable, as compared to observation and

experiment, when a detailed description of design process is of particular interest.

3.1.3.1 Retrospective Verbal Accounts

Designers can use this method for studying their own design process. Same method
however, can also be used by researchers, who want to analyze other designers,
tackling of a design problem. Either way the method relies on the verbal reports of
the designers, about what they were thinking during the design process. On both
occasions, when studying other peoples or ones own Qesign process verbal accounts

are highly subjective and may be reflecting the ideologies of the designer.

Retrospective reports are collected after a certain task is accomplished, a design
process in this case. Hence an important point that should be considered is, the self-
reports about completed processes suggest retrieving information from the ‘long term
memory’. Since most of the mental activity during design process is handled with the
‘short term memory’, detailed information cannot be collected. Moreover,
retrospective reports might contain biased or misinterpreted declarations of the

designer. Video recordings might be utilized in order to overcome these problems.
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Summing up all these, retrospective reports lack in embodying the mental activity in
detail, because of the absence of representational quality of the method as long as the
short term memory is concerned. Moreover they are subjective, because they rely on

the interpretation of the designer about the design process.

3.1.3.2 Think-Aloud or Concurrent Verbalization

Think-aloud processes are self-reports which differ from introspection in an
important way. In contrast to the retrospective verbalization method, the concurrent
one is capable of revealing the contents of the ‘short term memory’, since
information is collected during the process of creative discovery. Ericsson and Simon
(1984) stated, that ‘the information vocalized is a verbal encoding of the information

in the ‘short term memory’.

As it can be inferred from the term ‘think aloud’, the designer is expected to keep
talking about what he/she is thinking, while tackling with the design process.
Emerging as a research method in social sciences and being used in psychological
studies first, ‘think aloud’ method was widely accepted and used by the researcher in
different disciplines. Newel and Simon (1972) employed ‘think-aloud’ method for
studying rational problem solving. First protocol analysis study on designers is
carried out by Eastman (1970) on architects. Following this, the number of protocol
analyses together with ‘think-aloud’ method increased rapidly. This may be related
to the fact that this method is capable of capturing and representing the cognitive
activity of the designer to the highest level amongst the other research methods.

It is not to deny that protocol analysis has its drawbacks. However, being aware of its
limitations, it is the most suitable method for analyzing the potential role of 3D

sketching as a design tool in the conceptual design phase.

The advantages and the disadvantages of this method will be compared in the next
section.

3.2 Limitations of the Methodology

It is obvious that protocol analysis is the most efficient method in capturing
designers’ thoughts. Think-aloud protocols deliver more ‘in depth’ information about

the cognitive activity of the designer as compared to retrospective protocols.

14



Although protocol analysis is widely performed in design research, it is still

problematic in certain aspects.

Dorst (1997) summarized these drawbacks as follows:

There could be unintended effects from verbalization, which could cause
changes in the designer’s behavior or their cognitive performance.

What the designer reports may well be incomplete accounts of his/her
cognitive activity.

There are also side effects of the experimental situation: The designer is
isolated from his/her normal working environment.

The subject may inadvently give irrelevant accounts.

The designer may report what they believe they are thinking, what they want
to communicate to the researcher, what they think the researcher wants fo

hear, or what they were thinking recently.

Knowing these limitations the research has to be designed accordingly.

3.3 Design of the Research

Planning the research is the essential part. Before going on with the experiment the

researcher has to find answers to the following questions:

How many participants will take place in this experiment and according to

which criteria will they be selected?
How will be the research environment, apparatus and stimuli?

What will be the design task? In which context will the design brief allow or
restrict the designer as far as the use of models as a tool for sketching is

concerned.

What kind of modeling clay should be used? Are there any specific properties
that should be taken into account when selecting proper modeling clay?

What will be the procedure of the experiment?

Which encoding process is going to be followed? Should an existing coding
scheme be utilized for this study, or is it appropriate to define new coding

scheme for this study?
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These questions were considered when setting up the layout of the study. Starting
from the establishment of the design brief, answers to these questions will be

explicitly presented in the following sections.

3.3.1 The Design Brief

The design brief is one of the most important elements in this research. It has to
provide necessary information about the design environment (Appendix A.1). There
are different types or briefs serving different purposes. Business briefs usually give
precise information about the product to be designed, the stakeholders, the market
and the production capabilities. A second type of design brief is competition brief,
where the designer is mostly less restricted as compared to the case of a business
brief.

Considering the fact that proposing too many realistic restrictions on the design
problem may prevent the designer acting in an open-minded manner. Use of 3D
sketches will be a new issue to deal with. The design brief has to provide an
encouraging environment to the designer. Therefore a less exacting and more

creative design brief is prepared which is inspired by competition briefs.

The design product is the essential element of the brief. The form and structure of the
product has to be appropriate for clay modeling. This is taken to be the reference
point when developing the brief. A casing for digital equipment seems to be a

reasonable choice.

Among the alternatives, a digital control ‘interface’ for the personal computers is
chosen. Two major advantages come along with a digital control interface as long as
the design of its casing is concerned. First one is that it requires little amount of
technological expertise. The second advantage is related to the ergonomic aspects of
the product. The product can be modeled in its original scale. This gives the
opportunity of instantaneous visual and tactile examination of the ergonomic criteria

throughout the design process.

Defining the product, it is necessary to build a scenario around this product idea. A
company, a design task, definition of user needs and judgment criteria are to be
resolved. Since this is a research and not a real competition, duration for the design

process has to be added to the brief.
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The imaginary company is chosen to be an Original Equipment Manufacturer (OEM)
based in the Far East. The current product range consists of wireless interfaces,
networking and communication equipment. The firm is ready to invest in new

products for internet users.

In order to clarify the basic needs of the computer user, a concise list is provided
within the brief, like moving the cursor on the screen, clicking, selecting, scrolling
and using menus. Most important of all, the product has to deliver the capability of
‘individualization’.

Finishing with the definition of the design task, the judgment criteria are to be

settled. Novelty in design, use of technology in favor of the consumer, ergonomic

and aesthetic aspects are basic criteria identified as the judgment criteria.

The presentation technique is left to the choice of the designer, because the
presentation technique he/she uses will also shed light on the individual preferences.
It is an area of discussion whether designers are capable of adopting 3D sketching as
a method for reflecting their virtual imagery.

Lastly, the duration of the design session is declared as one hour. A shorter design
session may not allow the designers to develop a design idea and observation of
interactions between different sketching methods might not deliver considerable
information. Conversely a longer design period is considered to be overexerted, since
the essence of the research lies within the conceptual design phase. Remembering
that, at the point where the designer finishes the development of the design idea and

goes on working on the details, the process is gone beyond the interest of this study.

3.3.2 Selection of the Participants

It bas to be taken into account that the participants should have comparable
background. Although it is possible to have participants from different disciplines,
even having a background other than a non-creative discipline, in this study the
participants are chosen intentionally from the Industrial Design Department in order
to reduce the diversity.

Another issue is the experience level of the participants. As mentioned before
protocol analysis is difficult to apply to a large group of participants because of the

time consuming encoding and transcription process. Considering this, limited
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number of participants having similar levels of experience is chosen to take part in
this study. Since they are students, they will be classified as novice designers.
Consequent studies may be applied to expert and novice designers in order to clarify
the affects of experience on using ‘3 dimensional sketching’ in interaction with the

conventional sketching as a design tool.

There were two participants in this research. Both of them were male undergraduate
students. Both students have undertaken the preliminary design education. One of the
students was studying third grade and the other one was studying fourth grade. They
were competent students, skilled sketchers in their classes. They have got the highest
marks in their classes for their latest term projects and therefore it is also taken into
account that both of them have done their practical training as a trainee in a leading

design firm.

3.3.3 Apparatus

The workplace is consisted of a large table and a chair. There are two cameras for
recording the design session. A4 papers and modeling clays are arranged on the

table. A set of markers are also provided for presentation purposes.

2

Figure 3.1. Layout of the workplace

Throughout the design session, participants are recorded from different angles using
two cameras. ‘Camera I’ is placed on the table opposite to the designer and is

recording the participant’s physical and facial expressions.
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Figure 3.2. Camera I positioned opposite to the participant

The other camera is employed for capturing the sketching activity. Since both
participants are right-handed, the camera recording their sketching activity
(identified as Camera II), is placed to the left of the table, making an angle of 45°
with participants facing direction. It is directed towards the working area so that the
designers’ hand, the papers and the clay models are within the vision of the camera

throughout the study.

Figure 3.3. Camera II capturing the working area

The sound is also captured with both of the cameras. Considering the fact that the
close-up camera (Camera II) is nearer to the participant, this recording will be

utilized for the verbal transcription purposes later on.
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3.3.4 Modeling Clay

In addition to pen and paper, modeling clay is made available as the 3D sketching
tool. The selection of the clay material plays an important role considering the fact

that it will be used for conceptual sketching purposes.

The clay should be easily sculpted. Usually professional modeling clays used for
model making in industrial design discipline are extruded and slicked extremely
accurate, their finish is glasslike, they do not crack under normal circumstances, hold
fine detail, can be shellacked, painted, reused and molds can be taken from the
surface. But they are stiff when it comes to deformation by hand. Considering the
fact that the main aspect in this research is studying the participants interaction with
the modeling clay, being a tool for sketching, the properties above, such as good
finishing surface or holding fine details, become less important. Hence, more flexible
modeling clay would be proper for 3D sketching, by means of simulating the main

properties of sketching with pen and paper, such as incompleteness, ambiguity and

roughness.

The clay also has to be easily split and joined. Different colors would also be

advantageous, where the designer wants to represent functions or textures with color.

In order to assure that the participants save some of the sketch models they produced

at some stage in the design process, they are supplied with sufficient amount of clay.

Figure 3.4. ‘Play-Doh’ modeling compound
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“Play-doh” is chosen amongst suitable modeling clays to be used in this research,

since its properties are agreeable with the ones stated above.

3.3.5 Procedure

The study begins with the instructor reading over an introduction sheet that explains
and describes the nature of the study. Since the participants are not accustomed to the
think-aloud process, they are informed about the significance and role of
verbalization in this study. Detailed information of the introductory explanation and
the subsequent stages are explicitly described in the following sections of this

research paper.

In order to ensure that they keep up with an acceptable rate of verbalization, the main
design session is preceded by two small warm-up exercises. The participants are
encouraged to think-aloud while doing these exercises. First practice problem is a
simple multiplication. The second one is a cryptarithmetic puzzle. This puzzle is
selected in their native language. Three and five minutes are given to the participants
to accomplish these tasks. It should be noted that the participants are not obliged to

provide a correct answer but exercise think-aloud process.

Following the completion of these two exercises the design brief is handed to the
participants and the instructor read it out loud once. The time limit set for this part of
the study is one hour. Following this, the instructor switches the cameras on and
starts recording the main design session. Having completed the design session the
participants are asked to write down the design decisions they recall they have made

through the design process.

The detailed description of the design process is given in the following sections.

3.3.5.1 Presentation

Before the participant started to work he is given introductory information about the
study in order to help him feel relaxed and comfortable. Hence the participant may
be isolated from the experimental apparatus and concentrate on the design situation.
First the participant is enlightened about the aim of the study. Following statement is
read to the participants.

“In this study we are interested in the creative design process and the potential

role of 3d sketching when used in interaction with conventional sketching.
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Where and how designers can make use of 3d models in their preliminary
design phases? How does practicing with 3 dimensional sketches affect design

decisions?

As a design student you can give us an insight on these issues. Soon you will be
presented a design task, which is similar to the projects you have dealt with in
the past.

In this research we are interested in your way of thinking and handling a
design problem throughout the design process. Therefore, we want you to
speak continuously about what you are thinking, while working on the design

problem. This way we will be able to capture your cognitive activities.

Since you are probably not familiar with talking while designing, we are going

to give you two small problems for an exercise.

Whilst solving these problems you will get used to thinking-aloud. Now, I'm
going to give you the first problem, you have three minutes for the first exercise
and five minutes for the second one.

Remember that it is not important that you find a solution, but you have to keep
talking throughout the solution process. If you stop talking you will be
reminded to talk about what you are thinking.”

3.3.5.2 The “Warm-up Exercise”

The design session is preceded by a warm-up exercise, where the participants get

familiar with the think-aloud process.

The participants are asked to perform two short exercises. First one is a simple
arithmetic exercise, where the participants are expected to multiply 24 x 36. While
they are solving this problem, the instructor continuously encourages them to think
aloud. This problem is used by many researchers as a warm-up exercise preceding

protocol analysis sessions.

The second problem is a cryptarithmetic puzzle. A ‘cryptarithm’ is a genre of
mathematical puzzle in which the digits are replaced by letters of the alphabet or
other symbols. They are to determine the digit that corresponds to each letter.
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Similar cryptarithmetic tasks such as DONALD + GERALD = ROBERT are
extensively used by Newel and Simon (1972). The same puzzle is utilized by Dorst
(1997) in his research where he has applied think-aloud method to nine experienced

designers.

Since both participants’ native language is Turkish in this study, it seems to be more
appropriate to choose a cryptarithmetic example in Turkish. KUZU + KECI = SURU

example is the most suitable one of the three examples are found on the internet.

Three minutes are given for the first exercise and five minutes for the latter one. The
participants are reminded that the essential part of these exercises is not finding a
solution but getting used to think-aloud method. Hence they are asked to stop at the

end of each interval.

3.3.5.3 Reading and Discussing the Brief

Following the warm-up exercises the participants are presented with the design brief.
Having completed reading the brief they are given detailed instructions about the
design brief. In order to clarify the design problem, the participants are encouraged to

ask questions.

Before starting with the recording, they are informed, that 60 minutes are available
for the design session and they will be reminded at the half-time and the last 15 and 5

minutes.

As a final remark, the participants are reminded to think aloud throughout the design
session. Considering the fact that the research is based on the use of 3D models in
interaction with conventional sketching, participants are notified that they are not
entitled, but encouraged to make use of clay modeling in their design process.
Moreover they are told that they can save some models and continue working with
others, if they think they may need those ‘representations’ later in the design process.

This allows them to use models as ‘external memory aids’, similar to sketches on

paper.

3.3.5.4 Recording the Design Session

As stated before the main design session is recorded by two separate cameras. It is
important to check whether they are recording or not. Since the design process can

not be terminated for any reason, if anything goes wrong with one of the cameras,
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solutions have to be found straight away. Substitute videotapes are present. Another
important issue is not disturbing the participant, so that he/she retains his/her
concentration. Questions regarding design process or the design task are answered by
the instructor throughout the session. Last 30 minutes, 15 minutes and 5 minutes

were prompted.

At the end of the given time specified on the brief, the participants are asked to

complete the design process.

3.3.5.5 Retrospective Report on the Design Decisions

In this study, the design decisions and their evolution in design process are observed

and their probable interactions with 3D sketches are examined.

It should also be taken into account that using 3D sketches as ‘external memory aids’
can contribute to a new understanding of conceptual design phase and creativity.
Both in short and long terms, where they transport information including design
decisions, 2D and 3Dsketches may be used as carriers from one stage of the design
process to another one. Those instance, if there are any, where design decisions are
revised or design ideas are developed by using ‘external memory aids’ are of
particular interest in this study.

Considering these, a definition of design process is read to the participants and then
they are asked to write down the design decision they remember after the design
process. These retrospective reports are then compared with the design decisions that

the encoder has located.

3.4 Analyzing the Protocol

Analysis of the protocol consists of several stages that are independent of each other.
This makes protocol analysis a flexible research method. After recording design
sessions, first stage is to transcribe them, where the videotapes are watched and
verbal data is transcribed with the associated timestamps. This is not necessarily
done by the researcher. It is also possible to utilize previously recorded videotapes
that are ready to be transcribed, or even the transcription may have been delivered to

the researcher.
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Considering the fact that this research is a pilot study in its area, all of the stages

stated above are carried out by the researcher.

The next step is to decide on a description method. Dorst (1997) defines a

’description method’ as follows:

A description method is a-part, a selection of a paradigm made with a
specific goal in mind. So this ‘translation’ of the absiract paradigm into a
more concrete description method, encoding system and data processing

method is not unique.

One and the same paradigm can be implemented in many different ways,
which will limit the scope of the conclusions that can be drawn from the

paradigm itself.

Ericsson and Simon (1984), on the other hand, called this process ‘Model-based
Coding’ in their well-known book ‘Protocol Analysis’.

When prediction is guided by a model, the model identifies relevant
information that will be heeded.

The hypothesis of this research is based on the relation of design decisions and
sketching, where using 3D modeling is recognized as a part of it. Therefore, the
description method is derived from detecting the states of design decisions
throughout the design process and relating these states with the use of sketching. The
progress of design decisions will also give some insight into the cognitive activity of
the designer. Hence the encoding process shall represent the cognitive implications
as well as the states of design decisions. The description method and the encoding

process will be handled in detail later in this section.

In this research both the transcription and the encoding processes are done by the

researcher.

3.4.1 Transcription of the Protocol

The transcription process is a rather time consuming process. In order to perform it in
a well organized way, it is divided into three stages. First the recordings are watched
from the beginning to the end, while writing down the verbalization of the
participant. Even the exclamations are written down as they are. Then these

inscriptions are typed on the computer and sentences are determined and separated.
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At the next stage, tapes are watched again, and timestamps for the beginning and
ending of each sentence is identified and marked. Finally a chart is prepared, where

the speech of the participant is matched with the timeline of the design process.

3.4.2 Design Decisions

After finishing with the transcription, it is time to start encoding the protocol.
However, since the study is based on determining design decisions and their relation

to 2D and 3D sketching, first the definition of a ‘design decision’ have to be made.

Akin and Lin (1995), in their study ‘Data processing and novel design ideas’,
describes design decisions as “... any and all intentional declarations of information
as valid for the design problem at hand”. And furthermore they make the following

classification:
“Some design decisions concern the design product while others the design process”

They claim that some of the design decisions, which he designates as ‘novel design

decisions’, “... turn to be critical for the design progress of the entire design.”

Since practically every statement of the designer is a decision, we also have to make
a clear distinction between ‘key decisions’ and statements. The solution is
discriminating decisions as major and minor decisions, similar to Akin’s definition.
Throughout the design progress, some ‘idea’s are stated by the designer, which have
a strong influence on the product. First, these ideas are developed by minor
decisions, where the designer stands within the context of the main ‘idea’. Then this

idea transforms itself into a ‘decision’.

The minor decisions can be interpreted as the designer ‘making a point about the
design product’, or at some instances ‘developing the idea’, whereas the major

decisions directly can be interpreted as design decisions.

To clarify these distinctions, before going into the encoding procedure, a coding

scheme has to be defined.

3.4.3 Coding Scheme

In a protocol analysis, the transcribed data is analyzed using a coding scheme. The

key elements of a coding scheme consist of segmentation, activity categories and
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observable cognitive or behavioral elements that will be encoded into pieces of

information.

Among the elements stated above, the last one is the essential part. The setup of the
coding scheme is dependant on the decision which phenomena will be taken as
reference for the hypothesis. Design decisions are taken to be the key cognitive
activity in this research and the contribution of using 3D sketches to decision making

is going to be investigated.

At this point, two alternatives exist. Either the researcher decides to use an existing
scheme, or he/she defines a new scheme, that he believes, represents the observed

phenomena better than the existing ones.

Some of the models used in design research are too complicated for this research,
such as the model derived by Suwa et al. (1998), where the cognitive, perceptual,
physical and functional activities are covered as one. This model is claimed to be the
most extensive approach for covering both process and content related issues.
However because of its complex structure, it is not employed in this research.

Moreover it has not separately defined codes for 3D sketching.

Another example is the protocol analysis by Dorst (1997), where he compares two
design research paradigms. In his coding scheme acts, goals, context and topics are
coded for each segment. Akin and Lin (1995) use another model, where they look for
‘Novel Design Decisions’.

Summing up all these, it is essential to define a suitable coding scheme, when
dealing with a ‘novel design element’, such as ‘3D sketching’, since existing models

are not readily capable of covering new phenomena.

Therefore, a set of codes are established in this research, which are believed to be
representing the decision states throughout the design progress. The codes used are

explicitly defined and supported with examples from the protocols as follows:
ST: Set Theme/Topic

At some instances the participant declares, what he/she is going to work on. These
- statements are considered to be markers for beginning of ‘frame’s. Frames refer to
‘Framing’ in the mechanism of ‘reflection-in action’ outlined by Schon (1983). The

designer’s design process is divided into segments or ‘design episodes’, where he/she
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names, frames, makes moves and evaluates certain design intensions. The ‘naming’
step corresponds to the instances where the designer is selecting and naming the
objects to be considered in the design situation. Subsequently in the ‘“framing’ section

these objects are put into a context. ‘Set Theme’ can be analogous to the ‘naming’

step defined by Schon.
. Transcription -
Timestamp (Translated into English) Decision State
00:19:23
00:19:24
aa. 1... Let's think of alternative ways
00:19:25 of ‘clicking’ other than the way we
00:19:26 do it with a mouse... Let’s think
00:19:27
00:19:28

Figure 3.5. Example segment for ‘ST’

The statement above is taken from the protocol of the participant X. In this
statement, the designer declares clearly, in which topic he/she will approach the
design problem. When these statements are made by the designer, which is
uncommon, the period is marked with ‘ST’. Though, in many instances the theme
may be inferred from the designer’s statements, such as declaration of a new idea or
a question about the design problem. But these statements are encoded according to
their higher order significance in the decision process. A new idea is more than just a
declaration of a theme, or the role of a design question is not pointing out a new

theme.
CT: Change/Close Theme/Topic

After setting a theme the participant can intentionally close this theme. At those
instances where the end of a theme corresponds to the beginning of another one,
he/she is considered to be changing the theme. Both of these occurrences are
interpreted as ‘CT’. Similar to ‘ST’, new ideas may be interpreted as changing a
theme, but their role in decision cycles will be explained subsequently. So they

should not be mixed up with simple declarations of changing or closing a theme.
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i Transcription
Timestamp (Translated into English)

Decision State

00:24:05
Now... What did | say?

00:24:06 Scrolling the screen
00:24:07
Figure 3.6. Example segment for ‘CT’
NI: New Idea

When the participant comes up with a design idea for the first time in the protocol,
those segments are marked with ‘NI’ meaning ‘New Idea’. The following segment,
taken from the protocol analysis of Participant Y, can be designated as an example of

new design idea:

. Transcription .
Timestamp (Translated into English) Decision State
00:12:26
Let’s assume we could put it on our
00:12:27 finger
00:12:28

Figure 3.7. Example segment for ‘NI’

RI: Review/Reconsider Idea

In every occurrence of an idea, special attention has to be paid to the possible
occurrences of that idea in the design process. When the participant reviews or
reconsiders a previously stated idea, these segments are designated as ‘RI’, which
stands for ‘Review/Reconsider Idea’. The following example is taken from the

protocol analysis of Participant Y.

. Transcription -
Timestamp (Translated into English) Decision State
00:15:28
00:15:29 'm back to the user-defined area
00:15:30

Figure 3.8. Example segment for
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DI: Develop Idea

If the participant is developing a previously stated idea, ‘DI’ is used meaning
‘Developing Idea’. These occasions are comparable to ‘lateral transformations’ of
Goel (1995) or ‘seeing-as’ of Goldschmidt (1991).

Timestamp (Tran;;;?;\csi(;;i{?%?)gli sh) Decision State
00:16:26
00:16:27
00:16:28 Maybe we can encode some of the
actions.
00:16:29 One, two, three, four...
00:16:30 One, for example, could open ‘My
00:16:31 Documents’
00:16:32
00:16:33

Figure 3.9. Example segment for ‘DI’

In the example above Participant Y is developing the idea of using voice recognition
on the device and inquires the probability of assigning verbal codes to certain

frequent actions.
Q: Question

When the participant puts a design question, ‘Q’ will be assign to that question.
These questions are indications of periods where the participant will concentrate on a
certain subject within a design topic or related to a design idea. Sometimes questions
about the design process may arise. The question about design problem and design

process will be handled separately according to their contexts.

Transcription

Timestamp (Translated into English) Decision State

00:29:54 What are the additional functions
of this device
00:29:55

Figure 3.10. Example segment for ‘Q’
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TT: Test Idea

Following the statement of a new design idea, the participant usually develops that
idea. At some instances he/she tests this idea in an imaginative environment. These
are marked with ‘TTI’. When testing an idea the participant can make use of 3D
sketches or may sketch on paper. It is certain that physical models give a more
realistic understanding of the idea being tested. Therefore testing periods are of

particular significance.

. Transcription -
Timestamp (Translated into English) Decision State
00:19:12 I plugged it in,
.40 Started the computer.
00:19:13 I double-click on My Computer
00:19:14

Figure 3.11. Example segment for ‘TT’

Participant Y is testing the idea of using the device on ones finger in an imaginary
working environment, where he illustrates the moves one has to make in order to

start-up a computer.
MP: Make Point
Making a point related to the design problem is considered to be an ‘MP’ period.

These instances contribute to design decisions made later in the design process. They

put constrains to design problems.

. Transcription -
Timestamp (Translated into English) Decision State
00:23:07
00:23:08
00:23:09
00:23:1 It is not very comfortable with two
:23:10 fingers. When you move your
00:23:11 fingers the ring-finger also moves.
" They are somehow connected with
00:23:12 muscies | think.
00:23:13
00:23:14
00:23:15

Figure 3.12. Example segment for ‘MP’
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The example illustrates Participant X handling the problem of clicking, where he
explores the idea of using the first two fingers for the ‘left click’ function and the
other two fingers for the ‘right click’ function, where two buttons on the device are
next to each other. He suddenly realizes the fact that the third finger moves together
with the first two fingers, which may cause the problem of accidental clicking. He
changes his strategy after Realizing this fact and making this point. As explains
before ‘MP’ is used for design problem-related statements. All statements related to
the design process will be identified as simply ‘making a statement’. This will be
clarified in the ‘MS: Make Statement’ section.

MD: Make Decision

Making a decision, encoded by ‘MD’, is one of the easiest states observed in the
protocol, because it depends to declarations of decision by the participants. The

decisions might have a positive meaning as well as a negative one, such as giving up

an idea.
, Transcription A
Timestamp (Translated into English) Decision State

00:20:42

00:20:43

00:20:44

00:20:45

Let it be the conventional way.
00:20:46 Four points. OK! He will define a
plane with four points, anywhere in

00:20:47 space. Interface, plane....

00:20:48

00:20:49

00:20:50

00:20:51

Figure 3.13. Example segment for ‘MD’

Making decisions can be compared to ‘moves’ of Schon (1983) or ‘lateral
transformations’ of Goel (1995) where the design process is transformed into a
higher level. These decisions are not necessarily shaping the final product. They may

be revised or even discarded at the later stages of the design process, but since they
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are the end-marks of local ‘decision cycles’, their contribution to the design progress

is superior.
RD: Review/Revise Decision

When the participant reviews a decision that is previously stated, these instances are

designated as ‘RD’.
. Transcription -
Timestamp (Translated into English) Decision State
00:26:19
Whatever... | know that I'm going
00:26:20 to use it on my finger
00:26:21

Figure 3.14. Example segment for ‘RD

Here participant Y reconsiders the decision of using a user defined area for the input

device. This decision is revised or reviewed a few times before the final evaluation.
PP: Prepare Presentation

When the participant prepares a presentation drawing or model, it is specified as
‘PP’. Considering the fact that the presentation method the participant prefers is of
particular interest, occurrences of periods where the participant is working on a

presentation are carefully examined.

. Transcription -
Timestamp (Translated into English) Decision State
00:48:00
00:48:01 Right in the middle... Here... We
have a voice recognition device
00:48:02
00:48:03

Figure 3.15. Example segment for ‘PP’

This example is taken from the protocol analysis of participant Y, where he prepares
a drawing of the interface. In this section he is talking about where to put the voice
recognition device. These presentation drawings or models are usually observed

towards the end of the design process.
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ER: External Reference

An external reference is a statement related to the designer own experience. As it can
be seen from the following case, the designer may recall information from his past

experiences and reflecs this information in his/her design.

. Transcription . .
Timestamp (Translated into English) Decision State
00:13:10
00:13:11

| remember seeing something like
00:13:12 this on the movie ‘Minority Report’

00:13:13
00:13:14

Figure 3.16. Example segment for ‘ER’

Here, participant Y is remembering seeing a device on a movie, similar to the one he

is working on at that very moment.
MS: Make Statement

When the participant makes a statement about the design situation, ‘MS’ is marked
for the episode. These statements are not directly related to design problems.
Therefore, they are less important as compared to ‘MP’ episodes where statements

related to design problems are made.

. Transcription -
Timestamp (Translated into English) Decision State
00:48:00
00:48:01 Here... | should remember this. |
liked this idea.
00:48:02
00:48:03

Figure 3.17. Example segment for ‘MS’

3.4.3.1 Segmentation

In many of the protocol analysis methods segmentation precedes the encoding
process. The verbal protocol is divided into small units called segments. There are

however different approaches for segmentation.
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Ericsson and Simon (1984) divide the verbal protocol according to syntactic markers
for sentences, pauses and intonations, where these events indicate the start and end of
a new segment. Another approach will be a segmentation based on the designer’s

intentions, where a segment may contain many sentences.
Suwa et al.’s (1998) definition of a segment is as follows:

One segment consists of pieces of information which appear to have occurred
simultaneously in the designer’s mind. The pieces of information constituting one
segment are embodied by a set of cognitive actions (i.e. including conception,
perception, drawing and gestures). Observing the designer’s different modes of
cognitive actions in its entirety will enable you to interpret the way in which
his/her design thoughts shifted.

When successive sentences belong to the same design intention, they are identified as
one segment. An alternative segmentation system is used by Dorst (1997), where the
protocol is divided into equal time intervals of 15 seconds. Each segment is encoded

by the dominant activity and intention.

Definition of segmentation and coding scheme are mutually related and an
appropriate segmentation has to be chosen to ensure accuracy of encoding. In this
research design decisions and their formations are to be observed. Hence the protocol

is divided into segments based on the subject’s intentions.

3.4.3.2 Activity Categories

The first part of the encoding process consists of determining the activity categories.
In order to gather data about the cognitive activities and mental processes that handle
visual and verbal information, it is essential to record and analyze activities of a

designer throughout the design process.

Speech, reading, writing, drawing, thinking, asking questions and listening are the
major activities that we are familiar with from earlier protocol analyses done about
sketching in design. They are designated as S, R, W, D, T, A and L respectively on
the analysis. Categories designated with M are modeling activities and will be

explained eventually.
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Timestamp Activity
Category

R w D Mm | Mu Mt Mh T A L

00:53:13
00:53:14
00:53:15
00:53:16
00:53:17
00:53:18
00:53:19
00:53:20
00:53:21
00:53:22
00:53:23
00:53:24
00:53:25
00:53:26
00:53:27
00:53:28
00:53:29
00:53:30
00:53:31
00:53:32
00:53:33
00:53:34

Figure 3.18. Nlustration of a segment of data analysis showing activity categories

Speech is the most evident activity category. The transcription contains the necessary
data for the speech activity. Since speech as being a verbal-conceptual activity, can
coexist with visual-graphic activity, dual mode approach of Akin and Lin (1995) is
considered as a reference. At the instances where this co-existence occurs, both

activities are marked.

Writing (“W”) and drawing (“D”) are similar activities where the participant uses
pen and paper, but they can be differentiated in the way that writing produces
alpbanumeric markings and drawing covers all graphic representations other than
alphanumeric symbols. It is clear that drawing plays a key role in design process,
especially when focused on the sketching activity in the conceptual design phase.
Hence the relation of 2D and 3D sketching with the design decisions will be
carefully analyzed in this research. And their apparent interactions will be presented.
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Modeling activity is defined as the events where the participant is in interaction with
the modeling clay. In order to refine the definition of modeling activity, it is possible

to categorize it.

Four different states are observed in the video recordings. First two states are
identified as ‘Model Making’ (“Mm™) and ‘Model Using’ (“Mu”) where the designer
is concentrated on the modeling clay. Those instances where the designer was
deforming the clay for the purpose of giving a specific shape are called ‘“Model

Making’ episodes.

The designer might have kept previously modeled clays for future reference. When
these clays are used with the intention of developing or testing design concepts, it is
classified as ‘Model Using’.

Both of these states represent conscious activities. It became obvious that there are
also unconscious interactions with the modeling clay. The next two states refer to

these types of activity.

‘Model Transforming® (“Mt”) is assigned to episodes where the designer was
deforming the clay unconsciously, while being concentrated on a major activity such
as thinking, reading or speaking. These transformations may result with ambiguous
shapes which resemble the ambiguity and incompleteness of idea sketches and may
possibly lead to re-interpretations. Since occurrence of reinterpretation is seen as a
major cognitive tool for creativity, special attention has to be given to ‘model

transformations’.

The last and most passive state is ‘Model Holding” (“Mh”), where the designer holds
the previously shaped model, but does not make use of it. It is not to deny that there
is still an interaction with the clay, and this still may play a linking role in the

creative process.

These four states basically cover all of the modeling activity in this research, but they

are open to modification and refinement in the future.

The last three states are considered to be as fewer occurring activities. ‘Asking’
(“A”) is assigned to the occasions where the participant is asking a question to the
instructor. Since all of the information is assumed to be covered within the brief, few
questions arise about the design problem in this research. The rest of the questions

are related to the design situation and timing. ‘Listening’ (“L”), on the other hand,
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corresponds to the periods where the participant is listening to the comments or

answer of the instructor.

It is obvious that the designer is thinking throughout the entire design process.
Moreover there are no observable behaviors pointing out thinking activity. Hence it
is essential to define 'thinking in a way, that it represents intense thinking activity.
Highly reduced or even interrupted verbalization accompanied by no supplementary
physical activity, such as drawing, writing or model making, is considered to be a
“Thinking” (“T”) period in this research. But if the participant remains silent for more
than 20 seconds, he/she is reminded to keep thinking aloud for the validity of the
study which is based on ‘think-aloud’ process. Thus thinking activities are not

prolonged for more than 20 seconds.

3.4.4 An Example of the Encoded Transcription

In order to have a better understanding of the encoding process, it is essential to have
a look at an example from the encoded transcription. The following table is taken
from the transcription of Participant Y. The transcription of the speech is translated
into English. The structure of this table is described in the preceding chapters.

In this example a continuous design decision process together with its subordinate
evaluations will be handled. It consists of the time span between 00:20:00 and
00:20:51. Within this time span the designer deals with a design idea. The first
segment corresponds to the statement of the ‘new design idea’ and the last segment is
a decision statement. Since the development of the design decision is uninterrupted,
the different stages and their roles within a complete design decision cycle is easily
demonstrated in this example. Considering the difficulty of finding a single segment
with all the decision codes within, the sample segment is selected by taking into
account that it consists of only statement directly related to development of design
ideas. Moreover, most of the decision cycles are interrupted by other novel ideas, and
the amorphous structure of decision cycles are not as easily detectable as

demonstrated in this example.
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00:20:10
00:20:11
00:20:12
00:20:13 | ¢

This... What if there is
no predefined plane
and | locate it?

............ It should not be used
00:20:14 on the desk.
002015 ¢ | g, 0 S i Let this be a plane he
002016 | | Zaan  aaad has defined.
002017 ............... ................... ;/f // e SRBEER G There is a book on the
00:20:18 : = R N wall for example.
00:20:19
00:20:20 ..............................
00:20:21 .................................
00:20:22
00:20:23
00:20:24 This device...
00:20:25 | know that it can move
00:20:26 ‘;o the coquina’{e.:, of
00:20:27 our specific points.
00:20:28
00:20:29
00:20:30
00:20:31 Then, either he will
00:20:32 use the screen as the
A0 plane...

00:20:33 .J The screen...
00:20:34 % : : Or anything...
00:20:35 %@g’; Three points Zreﬁ

........ o E : I necessary e dofitie a
00:20:36 % ................................... [ — ; plane. o
00:20:37 : :
00:20:38
00:20:39
00:20:40
00:20:41
00:20:42
00:20:43 Let's do it the
00:20:44 traditional way, four
00:20:45 25 poi:’rts.; .
002046 | Sla(n :Ie Il define a
00:20:47 | with four points.
00:20:48 Somewhere in space.

The interface... The

00:20:49
plane...

00:20:50 | =
00:20:51 i

Figure 3.19. Illustration of a design decision segment taken from the protocol of
participant Y

The first column shows the timestamp that corresponds to the time elapsed from the

beginning of the recording. The next ten columns show the activity categories.
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Taking a quick look we can distinguish three activities. The darker column shows
that for the first 14 seconds the participant is using a previously made sketch model
and at the same time he is holding another model on his other hand, which is inferred
from the ‘Mu’ and ‘Mh’ columns respectively. It is seldom that the participant is in

interaction with two models at the same time.

When we look at the transcription we can see that within these 14 seconds he comes
up with an idea, encoded by “NI” on the design decisions column designated by ‘DD’
on the right side of the table. He suggests that the device may be used on a user
defined virtual plane. By doing this he plans to diminish the dependency on a desk or
a similar surface. In his second statement, he mentions this. Since this declaration is
part of the ‘virtual plane’ idea, it is encoded as ‘DI’, which means ‘developing an
idea’. Then he has put this idea into test, where he simulates the environment in
which the device would be used. “TI’ is marked on the design decisions column for

this testing period.

Then he puts the models away, and deals with the problem of defining a virtual
plane, where he writes some remarks on the paper. This can be observed from the

activities column with the heading ‘“W’.

At the next step, he utilizes the model again and decides that the most appropriate
way of defining the plane is specifying four points in space. This he writes down as a

decision.

After allocating the decision segments, it is straightforward to determine the role of
modeling and sketching in this decision. For the example given above, the models
are used for illustration purposes. Testing the ideas in its environment enables the
designer to have a better understanding of the idea being reasonable and/or

applicable.

Testing an idea is only one area of interest where models may be utilized. The
relations between sketching activities and design decisions will be discussed in depth

in the following chapters.
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4. RESULTS AND DISCUSSION

4,1 The Raw Data of the Protocols

The raw data is collected in this experiment in 125 minutes of video recording, 25
pages of sketching (6+19) and 11 3D sketches (7+4). The output of the transcription
and encoding process is 135 pages (69+66). The numbers given in parenthesis are

corresponding to the data related to participant X and participant Y respectively.

4.2 Discussion on the Design of the Research

Being aware of the limitations of the methodology, the research provides valuable
information about the potentials of 3D sketching. As far as the design of the research
is concerned, it can be told that the research is quiet effective in capturing the

evolution of design decisions.

The research can be handled in three steps. The first one is the preparation of the
framework before the empirical study, and the second one is the empirical study
itself. The third stage is the transcription and the encoding process following the

empirical study.

Before going into the detailed discussion about the results, it is essential to evaluate
the efficiency of the research in terms of its configurations and elements. It is not to
deny that the first stage of the design has to be handled with special attention, namely
the preparation of the brief, the duration of the design session and selection of the
participants. Considering the fact that it is not possible to apply a protocol analysis to
the same person twice, since he/she will be familiar with the process and may
become biased on consecutive applications, the discussion about this stage may shed

light on future researches on this area.

On the other hand an evaluation about the transcription and the encoding system will
trail the discussion on the research setup. Here, activity categories and segmentation
will be revised.
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4.2.1 Discussion on the Brief

As mentioned before the brief was stimulated by competition briefs. The brief served
its duty in the way that it supports and encourages the use of 3D sketches. The
product was chosen carefully. From the protocols it can be observed that especially
participant X made extensive use of the modeling clay. He was in interaction with
the clay for 2492 seconds throughout his design process, the duration of which was
3758 seconds that corresponded to 66% of this total activity. On the contrary
participant Y was in interaction with the clay for 400 seconds. His design session
took 3621 seconds. Thus the percentage of modeling activity as compared to the total
process is 11. As a result of this comparison we can say that the two participants
have shown totally diverse approaches in their design process as far as the use of 3D
sketches is concerned. The following table shows the comparison of the activities of
the designers. The upper values in each row correspond to the activities of participant
X and the lower ones correspond to the values related to participant Y’s design
session. The row headings are the abbreviations for speech, listening, asking,

thinking, modeling, drawing and reading respectively.

Activity Comparison of Activities of Participants X and Y mParticipant X
Categories {Percentage of the duration of design session) Participant Y

10 20 30 40 50 60 70 80 90 100
Percentage

Figure 4.1. Comparison of activities

The difference in the modeling percentage can be better explained when modeling,
drawing and writing are evaluated together. It is not to deny that writing as well as

drawing is forms of designers’ externalizations. Since the modeling activity in this
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research also belongs to the same category, it can be told that these three activities
serve as exploration tools for the designer. It may vary from designer to designer, but
drawing and writing together with modeling correspond to those instances where
he/she is in mental interaction with the design problem. Whichever method to be
used depends on the designers preferences. It can be observed on the Figure 4.1 that
participant X felt more comfortable with modeling whereas participant Y did not
prefer to express himself by using 3D sketches. However, the sum of all three
activities for both designers gives 77% and 72%, where it is obvious that modeling
activity cannot be analyzed in a distinct manner. The role modeling activity and its
interaction with drawing and writing should be handled with special care. Having
observed these, it can be told that the brief was successful in the way that it supports

diverse approaches.

Only one question related to the brief was directed to the instructor through the
design sessions of the both participants. The role and the position of the designer was
not clear for participant Y. He wanted to know whether the designer is working for
company or is a freelance designer. Except this question no further information was

demanded by the participants.

4,2.2 Discussion on the Duration

Akin and Lin (1995) divided the design protocol in their study in three major
segments: problem understanding, design and retrospection. Additionally they
defined three subdivisions in the design stage: conception, development and

representation.

The same structure can be observed in the design protocols. Neither of the
participants was unable to finish the design process. They both had time to prepare
their presentations. Participant X was still developing the design when the remark for
the last 5 minutes was made by the instructor. However he prepared a model and two
drawings of the finished product. It was not a surprise that he choose the modeling
method for the presentation since his design progress relied on the use of 3D
sketches. Participant Y, on the other hand, made his presentation as drawings. His
creative process is based on the drawings and writings. Taking a closer look at his
design progress it can be observed that at the 45™ minute he started with a drawing
session which persisted till the end of his design session. This period may be
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regarded as the representation stage mentioned in Akin and Lin’s (1995) work.
Hence looking at the protocols, we can see that both participants finished their
presentation at the end of the time specified for the design session. Summing up all

these one hour seems to be well chosen duration for such a study.

4.2.3 Discussion on the Validity of the Design Session

In this section the validity of the main design session in the research is discussed.
The major criteria for the legitimacy of a ‘think-aloud’ process are the rate of
verbalization. Ericcson and Simon (1984) stated in their book ‘Protocol Analysis’
that a normal relaxed continuous talking person roughly produces 150-200 words in
a minute. Think-aloud protocols vary about 50-110 words/minute for 10 subjects in
Ohlsson’s and Biggs’ studies. It is seldom that the verbalization rate reaches the
upper limit of human vocalization limits (150 words/minute) during a protocol study.
At those instances the participants are doing less creative work. They are just

recalling information from the memory.

Verbalization - Participant X
WORDS (count)

140

120

L 4

100 * ¢ ¢ .

o0 . o

80

60 ¢ Y *

40 *

20

0 I
0 10 20 30 40 50 60
TIME (minutes)

Figure 4.2. Verbalization rate of participant X
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The figures show the verbalization performance of participant X and participant Y
respectively. The points correspond to the count of spoken words at that moment.
Average verbalization rate for the Participant X was 89 words/ minute in this
research whereas average verbalization rate for the participant Y was 63
words/minute.

Verbalization - Participant Y
WORDS (count) eroalizatt ieipa

140

120 |° .

100 . M s .

80

60 ¢ LN hd bt *

40 . 2 | 4 \\M“\"«\m

20 d .

L 4

TIME (minutes)

Figure 4.3. Verbalization rate of participant Y

Verbalization rate is crucial for a protocol analysis when think-aloud method is

applied because it delivers valuable information about the efficiency of the study.

At the instances where verbalization is over average it is more likely that the
designer is working on ‘repetitive tasks’. These tasks do not require extensive use of
memory, since they are not ‘creative’ tasks. Usually the designer is verbalizing what
he is doing or repeating what he has thought before. Therefore these tasks are called

‘repetitive’.

On the other hand when the verbalization rate drops below average, there are two
possibilities. First one is that the designer fails to keep up ‘thinking aloud’ as it is
required. At these instances he/she is reminded to resume ‘thinking aloud’ process.

On the other hand, silence intervals shorter than 20 seconds are regarded as intensive
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thinking periods. Thus the instances where verbalization drops below average are

signs of creative mental processes.

The verbalization rate was highest at the 9™ minute for participant X and 22°¢ minute
for participant Y whereas it was lowest at the 49" minute for participant X where he
was thinking and 54™ minute for participant Y where he was preparing a presentation

drawing.

The lines on the verbalization graphs are least R? functions for the data. They are
calculated with Microsoft Excel Trend-line Function. They represent the overall
trend of verbal activity throughout the design session. On both protocols, the rate
decreases within the acceptable range. It is not a surprise that the rate is lower at the

end of the design session for two reasons:

e The designer is exhausted towards the end of the process. This is because

the think-aloud process requires extra effort in terms of mental activity.

e The designer passes from the ‘development stage’ to the ‘representation
stage’ with Akin and Lin’s (1995) notation. At the representation stage,
the creative mental activity decreases and the designer usually starts to

talk about the presentation.

High verbalization rates on the other hand may cause a phenomenon called
‘overshadowing’ as far as a ‘think-aloud’ session is concerned. When the designer is
over-involved in verbalizing his/her thoughts, the risk of falling behind mental
activity related to creative processes is present. However it is rarely that the limit of

150 words per minute is approximated.

Summarizing the facts stated above, it can be told that the verbal activity neither

diminished nor exceeded the acceptable limits.

4.3 Comparison of Design Approaches

As mentioned before the participants in this research had different approaches.
Detailed analysis of their design progress shows in which context they made use of
3D sketching and how did this affect the design decisions. In this section the design
approaches of the participants will be handled separately and then they will be

compared.
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Participant X’s design approach was considering all factors mentioned in the design
brief one by one. The process can be studied in three major segments. These
segments fit the design process schema of Akin and Lin (1995), where the design
protocol is divided into ‘Problem understanding’, ‘Design’ and ‘Retrospection’
segments. The design segment is further divided into three parts: ‘Conception’,

‘Development’ and ‘Representation’.

Within the first minute of the design session participant X read the brief to have a
better understanding of the design task. Following this, he entered the design stage,
where he spoke about the design problem until the 4™ minute. Then he took a piece
of clay and started with the actual design development. Within this speech period we
can observe that ‘MP” is marked 9 times. That illustrates, within this segment he
makes statements about the design task. Going into detail we can see that he
underlines basic constraints and redefines and refines the user needs. This conception
stage generates a frame for the designer to work within throughout the design

process. No design ideas are stated within this segment.

His first contact with the modeling clay can be considered as the initiation of the
development stage. This stage is extends to the 59™ minute, where he no more

develops the design product and is engaged with preparing the final presentation.

Since the ‘representation stage’ covers only statements about the designers’ actions
related to the preparation of the presentation, no more cognitive activity associated
with the design decisions is observed. Hence these segments are not encoded. In the
protocol of participant X all design ideas and decisions are located within the

‘development’ stage.

Participant Y, on the other hand, has a completely different approach. He starts with
a brainstorming session which he identifies as ‘streams of consciousness’. This
segment takes 8.5 minutes. Some of the ideas developed in this session considerably
affected the final design. The next phase is the development stage which extends to
the 45™ minute. The rest of his process is directly related to the preparation of
presentations. Unlike participant X, who presented both drawings and a model,
participant Y preferred to use only presentation drawings. Since this section contains

no conceptual activity, it is not included in the analysis.
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The encoding of the protocol has also given valuable information about the general
structure of the design progress and the personal approaches for attacking the design
problem. The following table shows the percentage of occurrence of segments within

the protocol with the codes defined in the coding scheme.

Table 4.1. Decision states of participant X and participant Y

PARTICIPANT X PARTICIPANT Y
Design Occurrence Occurrence
D ecigi on State in the Percentage in the Percentage
Protocol Protocol
ST 6 1% 0 0%
CT 11 3% 3 1%

MS 138 32% 187 37%
PP 0 0% 9 2%
| TOTAL | 433 Segments | 499  Segments |

The dark-shaded cells correspond to codes directly related to the formation of a
design decision. A formal decision segment starts with the declaration of the design
idea. Then this idea is developed by asking questions and/or seeking answers to these
questions. It is obvious that ‘MP’ segments strengthen design ideas, where they
provide a more abstract definition of that idea. At some instances the designer tests
the rationality of these ideas. Sometimes they develop the ideas with their own
experience. This process mostly ends with the declaration of the decisions. Usually

these decisions are revised several times throughout the design session.
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‘ST> and ‘CT’ are indications of a planned design process. They reflect the

designers’ orderliness. They are like checkpoints of the design progress.

Lastly ‘“MS’ stands for statements unrelated to the design problem and ‘PP’ stands
for preparation of a presentation. However, since the presentation stage is excluded

for reasons explained, it is rarely possible to detect a presentation segment.

Looking at the percentages of participant X, it can be revealed that ‘MP* segments
play an important role in his approach. This indicates that the designer is considering

design situations or problems with every aspect related to it.

Table 4.1., on the other hand, reflects the states of participant Y within the encoded
part of the design session. When compared to participant X, the frequency of ‘MP’
segments are relatively low with the value of 9%. This may be evidence for a less ‘in

depth’ inquiry for design ideas.

Conversely it is also obvious that participant Y came up with 26 design ideas. This is
a superior value as compared to the 19 ideas of participant X. When the ‘ST’ and
‘CT’ vales are compared, remembering that they are indications of a more orderly

design process, there is a great difference in favor of Participant X.

Summing up all the observations mentioned above, the following deductions can be

made;:

e Participant X produced relatively fewer design ideas, but he examined and
developed them in a more precise and profound way. Moreover, he has a

rather orderly design process.

e Participant Y preferred to swing between design ideas where he is more
productive in terms of the quantity of design ideas. However, as far as their
rationality is concerned, he has not abstracted these ideas as detailed as

participant X.

4.4 The Use of 3D Sketching

In this section the use of 3D sketching is compared for participant X and Y. Two
criteria are taken into account by making this comparison. The first one is the rate of
the total of instances in terms of seconds where the designer is in interaction with the

modeling clay to the duration of the design session. Participant X was noticeably
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adopted to 3D sketching. His 66% is considerably higher than the rate of participant
Y having 11%. However the second criterion becomes more crucial as far as the role
of modeling within the design process is concerned. This is the rate of the four

different modeling activities defined in this research to the overall modeling activity.

Participant X, on one end of the balance, built his process as well as his presentation
on 3D sketching. The instances, at which he was model-making, match 9% of the
total design process and 14% of the modeling activities. Moreover he was using
these models for illustration or testing purposes on 30% of the total design process
and %44 of the modeling activities. “Model-using’ appears to be his most frequent
activity followed by ‘Model-holding’ within all modeling activities. Additionally
when compared to all activities, ‘Model-using’ trails speech having 34%. ‘Model-
holding’ corresponds to 23% of the total design process and 34% of the modeling
activities. ‘Model-transforming’ being the least occurring activity for participant X

matches 5% of the total design process and 8% of the modeling activities.

Percentage of Modeling Activities 8 Participant X
Modeling Activities ¥ participant Y

Mh

8%

0% 0% 20% 30% 40% 50% 60% 70% 80% S0% 100%
Percentage

Figure 4.4. Modeling activities of participant X and participant Y
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Participant Y, on the other hand of the scale, did not introduce 3D sketches into his

design process as easily as participant X. He behaved in a rather conservative way.

The instances, at which he was involved with a modeling activity, match 11% of his
total design activity. Again this is a very minute utilization of 3D sketching as
compared to participant X, where 66% of whose activity was supported by 3D
sketches.

‘Model- making’ corresponds to 3% of his design process and 24% of the modeling
activities. He was using these models for illustration or testing purposes on 7% of the
total design process and 66% of the modeling activities. ‘Model-using’ appears to be
also participant Y’s most frequent activity. It is followed by ‘“Model-making’ within
all modeling activities. Additionally, ‘Model-holding’ corresponds to 1% of the total
design process and 10% of the modeling activities. ‘Model-transforming’ did not

occur throughout his design process.

Both the quantity and the quality of the modeling activities clearly indicate that
participant X was more successful in incorporating 3D sketching in his design
process. Seeing that the unconscious modeling activities (‘Mh’, ‘Mt’) frequently
occurred, it is obvious that these instances are candidates for reinterpretations to
occur. Remembering that the reinterpretations are one of the most important

cognitive implications of sketching, these instances are of primary concern.

4.5 The Relation of Design Decisions and Sketching

In order to relate the design decisions to sketching activity it is essential to identify
the evolution of the design decisions. Each decision process starts with a design idea.
This idea may be the successor of a previous idea or decision. Then this idea goes
through the different stages as explained above before it develops into a decision.
Within this process, sketching is considered to be a supportive tool for creative
mental activities. Sketches with their ambiguous and incomplete form or structure
may lead to reinterpretations and thus new design ideas. Moreover they serve as
‘external memory aids’. The creative mental activity is mainly related with the short
term memory. Sketches embody the information which is produced by the mental
activity of the designer. Drawing, modeling or even writing can be seen as forms of

externalizations. Which one or ones is utilized by the designer is of primary concern.
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Through the analysis of the transcription it may be observed that at certain parts of
the process, a sketching activity dominates the others and becomes the major
sketching tool for that period. On the contrary, there are episodes where all of these
activities are used in interaction. These will be called as ‘dominant activity episodes’

and ‘interactive activity episodes’ respectively.

In order to have an understanding of the relations between sketching activity and
decision mechanism, the role of these activity episodes within the decision formation

is going to be explored.

Table 4.3 illustrates the design ideas and decisions observed in the protocol of
participant Y. The first column of this table corresponds to the identification number
of the design ideas, enumerated in order of appearance. The next column has the
brief explanation of the design idea. Third column, designated with ‘IL’ as column
heading, shows if the decision had an influence on the final product. Three levels are

marked in this column which are:
1. Highly effective on the final product,
2. Minor contributions to the final product,
3. No effect on the final product.

The next column, named ‘REL’, shows the relations of the design ideas with
previous ones. Some ideas may be inspired by previous ideas, although they are

original in their own context.

The following two columns show the first occurrence of a design idea and the related
decision, if one exists. The second column from right lists how many time that
design idea is revised and the last column designates the ‘novel design decisions’
with the terminology of Akin and Lin (1995).
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Table 4.2. List of design ideas for participant Y

ID DESIGN IDEA i | ReL | FRST | DECISION | REVISED | NDD
000 REMOTE CONTROL 1 00:02:28 2
001 1 00:03:49 2
002 1 00:04:02 7
003 1 00:04:33 | 00:05:12 10
004 | INTERFACETLEANSTHE |3 00:05:48 | 00:05:52 0
005 VARIANT FORM 3 00:06:05 | 00:20:08 5
006 EYEWEAR 3 00:10:00 1
007 OMITING THE KEYBOARD 3 00:11:46 00:11:67 2
008 |  USED ON THE FINGER 1 00:12:26 | 00:17:15 5
009 PROGRAMMABLE 1 00:16:42 | 00:34:10 0

WORKS BOTH ON THE
010 SCREEN AND WITH THE 2 00:19:33 0
DEVICE

011 CAN BE USED IN THE PALM 3 00:19:44 0
012 USER DEFINES THE PLANE 1 002 | 00:20:10 | 00:20:42 0
013 RING-LIKE 1 00:22:39 2
014 | SOMETHIC COMPLETELY | 2 00:24:39 0
015 SHOULD HAVE A POINTER 1 00:24:56 0
ore | TRSMTIOTTEET |3 | | oozras :
017 | WEARABLE LIKE JEWELLERY | 1 00:30:22 0
018 PRESET FUNCTIONS 1 00:32:36 | 00:34.07 1

. 00:34:55 | 00:35:21 1
020 | TWO V‘f,%?@"éi)("o'ca 1 00:35:40 | 00:36:07 3
021 USED ONFTS(‘E;gFl(P OF THE 1 00:36:54 0
022 B e e e 3 00:38:41 | 00:38:52 0
023 FITS ALL FINGERS 1 | 008 | 00:39:35 | 00:40:05 2
025 RS T o OT A 1| 015 | 00:41:32 2
o | PTEBTVESORWT 5| | cosam ;
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After the design session the participants are asked to write down the design decisions
they recall on a paper. This retrospective report is also evaluated and these decisions
are marked with a shaded background on the table. It is not to deny that these
decisions are of higher importance in the way that they are recalled from the long

term memory of the designer.

The activity episodes, on the other hand, are determined from the activity diagram.
The dominant or interactive activities are listed in the following table and the design

ideas and decisions are matched to the periods they occurred within.

First column shows the identification number of each period. The second column
defines the starting and ending timestamps for the period. The third column
designates the dominant activity or activities of that period. Next two columns are
assigned to design ideas and decisions stated within that period. Reviews of design
ideas and decisions are also included in this list, because they are as well indications

of problem solving sessions. Bold characters reveal the novel ideas and decisions.

The second column from right shows the length of the period in seconds. The last
column in the table corresponds to the density of design ideas and decisions in the
related period. Density is calculated as the number of decision per minute. Higher

densities represent a higher level of mental activity.

The highest decision density is found on the 8™ period where participant Y was
writing and drawing. This interactive session produced a new design idea and three
design decisions were made two of which are designated to be novel in the analysis.
From the whole transcription it may be observed that participant Y utilized writing as
a very powerful tool for supporting his brainstorming session. Remembering that
drawing was his favorite sketching tool with 34% of his total activity, it is not a
surprise that the combination of these techniques produced a constructive period like
this.
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Table 4.3. Design activity periods and design decisions for participant Y

Duration | Decision and
D Time span Dominant Design Dwgn (Seconds) | Idea Density
Activities Ideas Decisions
{D/ min)
000, 001, 002, 003, 0604
1 00:00:00 - 00:09:45 w 003, 004, 005, 585 0,92
006
2 | 00:09:45-00:15:45 | M, p, w | 20007008 | 007,007, 07,
:09: o le , 12, 003, 007 360 1,33
3 | 00:15:45-00:17:45 w 009 008 120 1,00
4 | 00:17:45-00:21:45 M 010,011, 012 012 240 1,00
013 008, 003, 008,
5 | 00:21:45-00:25:05 D 200 1,50
014 !
6 | 00:25:05 - 00:26:20 M 008 75 0,80
7 | 00:26:20 - 00:29:00 D 0l6 160 0,38
8 | 00:29:00 - 060:30:05 W,D 017 002, 003, 005 65 3,69
9 | 00:30:05-00:32:00 M 003 115 0,52
10 | 60:32:00 - 00:37:00 WM 018, 019,020, | 018,009, 019,
o o ’ 021 020, 019, 008 300 2,00
11 | 00:37:00 - 00:40:10 D 022,023 022, 008, 023 190 1,58
12 | 00:40:10 - 00:41:10 M 024 80 1,00
13 | 00:41:10 - 00:43:00 W,D 025, 026 023 170 1,06
14 | 00:43:00 - 00:45:00 D 023 120 0,50

The second period in term of density is a ‘writing’ and ‘modeling” period. Within

five minutes four new ideas are stated one of which is a novel idea. Moreover six
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decisions are declared in the same period. Three of the decisions are novel decisions.

It is not to deny that this period has a high level contribution to the final product.

The 11 and 5 are third and fourth periods respectively on the scale of density. Both of

them are dominant drawing sessions.

The same analysis is performed for the protocol of participant X. As mentioned
before the design strategy of participant X was based on investigating design ideas in
all aspects. This approach produces a structured protocol and ‘decision cycles’ are
less interrupted. As a result of this, however, the number of design ideas and their

revisions decreases drastically.

Table 4.4. List of design ideas for participant X

ID DESIGN IDEA i | ReL | FRST | DECISION | REVISED | NDD

000 VERTICAL DEVICE 1 00:04:48 6
1 00:05:17 4

1| 000 | 00:17:01 2

1| 001 | 00:17:49 2

004 CLICKING WITH THE WRIST 3 00:20:29 0
005 MULTI-FINGER CLICKING 1 00:21:10 1
006 LONG BUTTON 1| 005 | 00:21:25 0
007 | TWOLONGBUTTONS | 2 | 006 | 00:22:20 | 00:23:24 1
008 TOUCH-PAD LIKE 3 00:25:41 0
009 1 00:26:16 | 00:54:54 4
010 ANGLED STRUCTURE 2 | 000 | 00:27:35 o}
011 SMALL DEVICE 3 00:28:38 4]
012 TRANSPARENT DEVICE 3 | 002 | 00:28:24 0
013 | SINGLECLCKINSTEADOF | 2 00:32:03 1
014 EYE CONTROL 3 00:34:06 | 00:34:19 2
015 1 00:39:01 2
016 SENSITIVE SCREEN 3 00:41:30 0
017 WRIST-PAD 1 00:49:39 2
017 | 00:58:11 0
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The number of ‘novel design decision’ on the other hand is superior to the protocol

of participant Y. In addition to that, the retrospective analysis have shown that the

decision he stated as ‘novel’ perfectly fits with the decision list established through

the analysis of his protocol.

Table 4.5. Design activity periods and design decisions for participant X

Duration | Decision and
- Titme span Dorfnflant Design Def‘fén (Seconds) | Idea Density
Activities Ideas Decisions
(D/ min)
1 | 00:00:00 - 00:04:15 0 255 0
2 | 00:04:15 - 00:10:00 M 000, 000, 601 345 0,52
3 | 00:10:00 - 00:11:30 w 90 0
4 | 00:11:30 - 00:16:45 M 000 315 0,19
002, 002, 003,
5 | 00:16:45 - 00:18:30 W 105 229
001 ’
000, 004, 005, | 007,014
006, 007, 005,
003, 008, 009,
000, 010, 009,
6 | 00:18:30 - 00:46:30 M 011, 012, 009, 1680 0,96
013, 014, 014,
013, 015, 016,
000, 001, 001,
001
7 | 00:46:30 - 00:49:00 0 001, 000 150 0,80
003, 009, 017,
8 | 00:49:00 - 00:54:00 D, W 017 300 0,80
9 | 00:54:00 - 00:59:00 M 015,015,018 | 009 300 0,80

When these decisions are matched to the activity periods, the relation between

sketching activities and creative mental activities becomes more obvious. As
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mentioned before, the density of design decisions within a period, in terms of

decisions and/or ides per minute, will serve the evaluation of this relation.

The 1* and 7™ periods are surprisingly prolonged periods of total inactivity in terms
of representations. No drawing, modeling or writing activity is observed in these

intervals. Within these intervals, the designer talks about the design situation.

Another important observation would be the 6™ period, where the designer goes
through a modeling session uninterrupted. In terms of the density of design
decisions, it is obvious that the rates are much lower as compared to participant Y.
This is not a surprise since it is designated that their strategies differ in the sense that
participant X develops ideas in a profound way whereas participant Y comes up with

as many design ideas as he can.

Looking at the most productive periods of participant X, another interesting period is
at the top of the list. Within the fifth period the designer comes up with two new
ideas and revises two former ones. This session serves as an externalization period
for the ideas he has developed until that instance. The statement he makes at the end

of the 16™ minute clearly proves this:

Until now I have spoken a lot... Now I’'m going to write down the major
properties of my device.

The next period to be examined is the 6™ period. The length of this period is
extraordinary as compared to the others within the results of this research. However
this period has inner dynamics as far as the different modes of modeling activity is
concerned. Seeing that participant X has fluctuating states of conscious (‘Mm’ and
‘Mu’) and unconscious (‘Mt’” and ‘Mh’) modeling activity within this period, it can
be concluded that the density of inner dynamics of a certain modeling activity also
affects the quality of itself.

Additionally, the 8 period, which is third on the scale of decision density, is the
only occurrence of interactive use of different sketching activities. It is evident that
participant X has built his strategy on modeling; however, his strategy lacks

interactive use of sketching.

Summing up all the results, participant Y performed a perfectly dynamic and
interactive process, however he could not integrate modeling activity into his process

efficiently. On the other hand, participant X made excellent use of modeling,

58



demonstrating all the potentials of 3D sketching, however he was not able to
implement modeling into the classical sketching methods. These results underline the
fact that a productive and efficient design process relies on using different design

tools in interaction and keeping the balance in between.
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5. CONCLUSION

5.1 Conclusions on the Research

Primary concern of this research was exploring new dimensions for sketching
activity in the preliminary design phase. Modeling, already being an element of the
design progress, but being utilized at a latter stage, seems to be a candidate for a new |
conceptual design tool. By exploring the capabilities of using modeling as a sketch
tool, it is intended to make the designers experience the three dimensional essence of

the design at an earlier stage, preferably at the conceptual one.

In this research it was observed that 3D sketching may have considerable
contributions to the design process, when used in the early stages of the design
process. It was revealed that sketching should not only be defined and explored on
designers’ drawings. The mutual interaction of drawings and modeling produced

promising results as far as the role of ‘sketching’ in creativity is concerned.

The coding scheme proposed here is based on the relation between states of design
decisions and sketching activities. As a consequence, it is observed that 3D sketching
emerged in different forms, namely ‘model making’, ‘using’, ‘transforming’ and
‘holding’, where each form served distinct purposes during the design process. Since
modeling activity is not represented in existing coding schemes, this research may
also provide a theoretical background for more comprehensive description methods
in the future.

5.2 Recommendations for Further Research

As mentioned before in this report, analysis of protocols is a time consuming
process. Moreover, quality of the encoding process and the procedure of the
experiment are more significant than the quantity of the participants, when doing a
‘pilot study’ in a new area of interest. Since the way of introducing 3D sketching into

the design process, exploring its interactions and generating a description method for
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future research was the aim of this study, two students with contrary approaches

were considered to be adequate.

However increasing the number of the participants may be reasonable after settling

with the encoding process, when a statistical comparison is intended.

Another approach would be repeating the experiment with different design tasks. By
changing the brief, criteria for suitability of clay modeling for different types of
products can be settled. Some products are not likely to be modeled by clay, because
of their structure. A bicycle, for example, has a wire frame structure and is difficult
to model with clay. Alternative method may be investigated to enhance capabilities
of 3D sketching.

In this research participants were allowed to choose which sketching method to
utilize. They were told that they were expected to use 3D sketching in their design
process. As a result of this two completely diverse approaches were observed. One of
the designers made use of 3D sketching quiet often. It can be inferred from the
results that he felt more comfortable representing mental images with 3D objects. On
the other hand, the other designer appeared to be more conservative and made his
sketches on the paper. The only purpose he could assign to 3D sketching was testing
some design ideas. This in turn, was a data in itself. After establishing the conceptual
framework for the role of 3D sketching, it is also possible to concentrate on the
modeling only. Designers may be encouraged to use only clay for creative process by
restricting sketching on paper. This enables the researcher to derive conclusions
about the ways of enhancing the capabilities of 3D sketching and making it a

promising tool for design process.

Both of the participants of this research were industrial design students. However,
other design disciplines, such as architecture or interior design, are candidates for 3D
sketching practice. Participants may be chosen accordingly. Even participants,
having an educational background other than design, could be selected. This will
give an insight in the relation between creativity and design tools that support it.
There has been considerable amount of research conducted to understand the
essentials of sketching, being the most effective creative tool for many designers.
However alternative methods are not questioned in detail. Different disciplines
would have to understand the role of education on creativity. How do people express

their ideas? Which tools do they utilize? Is sketching a supportive tool or is its
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representative quality mostly dependant on individual talent and does it become an
exertion in some cases to express ideas by sketching? Answering these questions will

give some insight about the nature of 3D sketching.

Not only different disciplines, but also different levels of expertise are to be
concerned. Many studies have been made for comparison of expert and novice
designers as long as the conventional way of sketching is concerned. The acceptance
level of experts and novices may vary, when they are entitled to use 3D sketching.
This is also an interesting comparison, which will probably deliver valuable
information about how and to what extend novice and expert designers are likely to
introduce 3D sketching into their own design approach. This, in turn, may also

contribute to design education.

Although it is known, that professionals make use of 3D sketching in their design
processes, no research has been found on this area. It is possible to determine from
analysis of design protocols or observations of professionals, on which occasions

they favor 3D sketching as a design tool.

There is also a further aspect to the area under discussion which concerns design
education. If 3D sketching in interaction with conventional 2D sketching is
recognized as a favorable tool for the early stages of the design process, how to
introducing it into the design education becomes a subject matter. Through
observation of students in their project environment, where they are entitled to utilize

3D sketching, valuable information about educational issues might be gathered.

It is also apparent that this discussion raises some questions in relation to the
cognitive issues. Design imagery is held to be the most important mental activity
related to creativity. Psychological experiments may help understanding properties of
3D figures. Studies on sketches have shown that properties like ambiguity and
incompleteness in figures on paper (sketches in the case of design) lead to
reinterpretations in the mind. This is considered to be the most important means of
creativity. However we know very little about the properties of 3D figures. To what
extend are they ambiguous? Do they allow reinterpretations in mental imagery? To
what extend do they contribute to creativity? These questions are to be inquired.
Since these issues are highly related to psychology, it may be adequate to conduct
psychological experiments.
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Appendix A.1.

The design brief

Firma:

Uzakdogu merkezli, Avrupa ve Amerika’da subeleri bulunan firma, OEM (Original Equipment
Manufacturer) iiriin pazarinda genis iiriin yelpazesiyle dikkat gekmektedir. Kablosuz arabirimler, a
baglant birimleri, haberlesme cihazlar konusunda kaliteli firiinler sunan firmamn hedefi Internet
kullanicina yonelmek, yenilikei iiriin fikirleri ortaya gikarmaktir. Giiniimiizde izla degismekte ve
gelismekte olan bilgi teknolojileri sektdriinde yenilik¢i yaklasimlarm ancak aragtirma-geligtirme
yatinmlart ile miimkim olacagmm bilincinde olan firma yetkilileri, ‘e-letisim’ komulu bir proje
baglatrmslardir.

Amag:

Giin gegtikge gelisen ve karmagiklasan dijital teknolojilerde insan-bilgisayar iletigimi en dnemli
konulardan biri halini almmgtir. Teknoloji anlagthirlik, kolaylik gibi temel kavramlardan uzaklagmus,
hayat1 kolaylastirmak yerine zorlastirmaya baglamigtir. Arayiiz ve arabirim tasatmi bu sorumum en
onemli kaynaklanndan biridir. Iyi tasarlanmammsg bir iletisim arabirimi gerek psikolojik, gerekse
fiziksel sorunlara yol agmaktadir.

Tasarimcilardan, bilgisayar kullanicisinn temel iletisim ihtiyaglanm (Internet, sunum, e-mail vb..)
goz oniinde bulundurarak yenilikgi bir ‘iletisim arabirimi’ tasarlamalan beklenmektedir. Bu
arabirimin tasanmciya saglikli, anlagilir ve verimli bir caligma ortamm saflamasi amaglanmaktadir.

Degerlendirme kriterleri:
Tasanmda yenilikg¢ilik
Tasanmda teknolojinin kullamciya faydah kullanimm

Tasanmun ergonomik zellikleri
Tasarimda firiin estetigi

Temel iletigim ihtiyaclarmdan bazilar:
Ekranda imleci gezdirme

Isarctleme

Sceme

Ekran kaydirma (scroll)

Menii agma
Kigisellestirilebilme

Sunum:
Uriin fikrinin serbest sunum teknigiyle hazirlanmis anlatim.
Siire:

1 saat
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Appendix B.1.

The presentation drawing of participant X

rearen

R Y
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Appendix B.2.

The presentation drawing of participant Y
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Appendix C.1.

The clay models of participant X
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Appendix C.2.

The clay models of participant Y
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Appendix D.1.

Transcription of the protocol of participant X
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